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2 Executive summary

This small research activity explored the emerging competitiveness of Cambodian farming
systems in account of rapid globalisation, including rapid exposure to advanced agricultural
technology, and the increasing exposure to commodity markets also resulting from ASEAN
trade agreement and related developments. To this end, the project investigated factors
influencing farm productivity from the perspective of resource endowment, technology
adoption and market linkages. In trying to measure recent trends in observed productivity,
experimental estimates of Total Factor Productivity (TFP) were made with limited available
data. These analyses supplemented with biophysical and socio-economic context,
assembled in a Geographic Information Systems (GIS) database, was used to assess the
key determinants of farm productivity at the national, regional and local scales. This
approach proved useful in providing a foundation to better understand key drivers
influencing systems wide productivity improvements.

The project also employed rapid rural appraisal type assessment methods to gather expert
knowledge. These deliberations were also aided by GIS technologies to merge and analyse
disparate data sets. These datasets and key informant-led work-sessions were used to
identify and delineate four dominant farming system types across Cambodia. These include
the Central Plains Region Rice-based System that surrounds the Tone Sap lake and
extends diagonally across Cambodia from a north-west to southerly direction; the Eastern
Upland Mixed System, which also includes forests and tree crops; the Northwest Upland
Mixed system, which includes mainly upland cropping interspersed with tree crops and rice
in the valleys and lowlands; and the Western coastal and mountainous fringe that includes
the coastal areas in the south west to the mountainous region in the west.

The detailed characterisation of these systems was not possible within the resources
available as it requires the synthesis of highly dispersed knowledge, which is time intensive
and requires greater local knowledge. A case study in North-western Cambodia, undertaken
for this SRA, provides a useful blueprint that can be used in further synthesis work.

The project, also provided valuable insights on the key gaps in data availability and
highlighted the value of considering agricultural development planning from a broader
perspective that can take constraints such as technology, markets and infrastructure
developments in a whole farm systems context. In doing so the natural competitive
advantage presented by the natural resource endowment, constraints for technology
adoption and the potential economic-environmental and social trade-offs involved in rapid
agricultural development, as is occurring in South East Asia needs to be considered.

It is argued that a farming systems framework that considers the farm as a multi-input, multi-
output production and consumption unit that operates under the influence of public policies,
markets and infrastructure is better-suited to explore development interventions. As the
public policies and infrastructure play a key role in market expansion thus determining the
access and availability of inputs and the potential risks and rewards in supplying agricultural
outputs to distant markets, the farming systems approach would be better suited to inform
public policy determinations and priority setting of investments.

The advancements to the analytical frameworks, in terms of data integration, TFP analyses
and spatial mapping of contextual data helped identify foci of intense trade-offs relating to
economic, environmental and social objectives. Useful directions for further research
includes the issues of entrepreneurship, constraints to adapting to changes in the operating
environment and how existing public policies, property rights and evolving market context
affect the extent of entrepreneurship, and the way changing development activities affect
rural poverty and social upliftment.
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The SRA has provided a basis to better understand the development context; it has provided
some clarity in the nature of differentiation in agricultural systems and offered capacity, in
terms of a digital spatial database, to organise existing knowledge in the broader context.
These data sets, while lacking in some aspects, still offers a basis to organise existing data
and knowledge, providing a useful tool baseline on which new knowledge can be gathered
and further organised to enhance development effectiveness.

Development context

Bordered by Thailand, Laos and Vietnam to the west, north and east respectively,
Cambodi abs fographicalfeatures are expansive plains, the great Tonle Sap
Lake region, coastal areas abutting the Gulf of Thailand, as well as mountains, hills and
highland plateaus (NIS-MoP 2015).

TheCambodi ad s paplatiomis tidparsedacross 25 provinces and the municipality
of Phnom Penh. Below the provincial and municipal level, the districts, communes and
villages define the administrative regime. Across these administrative levels, policies and
processes that provide for access to water, transport, education, communication, health
facilities and other basic infrastructure directly and indirectly influence the capacity of
agricultural communities to undertake their activities. In particular, as economy diversifies,
the nature of economic undertakings in these farming systems is increasingly influenced by
the quality and availability of infrastructure and services.

As Cambodi ads economic status i mprove, and pover
the provision of public goods and protecting the natural resource base become crucial to
maintain economic and social progress.

Consultation and data

The project was initiated in Phnom Penh with a consultative workshop during 31 October to
01 November 2016, which was attended by local farming systems experts and policy
personnel concerned with enhancing the competitiveness of Cambodian agriculture. The
workshop was preceded by an extensive field visit of the Central Plains Zone, to consult with
local farmer associations, Village Leaders, processors and machinery groups, and to aid
rapid rural appraisal type analysis. The visits drew first-hand information on the functioning
of the agricultural systems, based largely around rice-based farming systems in lowlands
and cassava and other field crops as well as a growing tree-crop horticulture farming system
in the elevated areas bordering Thailand in the west.

The field visits and the initial workshop provided an informed basis to assess available data
sources, and gather contextual information in a GIS to help relate advice from local experts
familiar with the broader farming systems to inform key characteristics of the main farming
systems!. This followed an intensive phase of data gathering including from Open
Development Cambodia and other secondary sources, including the Commune Database of
Cambodia for data on agricultural production.

Data for country level productivity analysis was sourced from international data bases
maintained by USDA-RERS and the FAO.

Outcomes
Farming systems:

At the conclusion of this project, four key farming system types were identified and spatially
demarcated (figure 1). These were:

1 Central Plains Rice-based system

1 A separate output will record the learnings made during these field visits.


https://opendevelopmentcambodia.net/
https://opendevelopmentcambodia.net/
https://data.opendevelopmentmekong.net/dataset/commune-database-of-cambodia-commune-level-2011/resource/b8755bec-a125-4966-93b4-882bdf1b203d?type=dataset
https://data.opendevelopmentmekong.net/dataset/commune-database-of-cambodia-commune-level-2011/resource/b8755bec-a125-4966-93b4-882bdf1b203d?type=dataset
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1 Eastern Upland Mixed system
1 Northwest Upland Mixed system, and
1 Western coastal and mountainous fringe

Cambodian farming systems have evolved in the light of significant natural diversity
influenced by the varying topography, diverse soil types and susceptibility to severe weather.
This natural diversity defines the type of agricultural activities, livelihood opportunities and
hence the feasibility and attractiveness for modern agricultural development. Decades of
civil war has led to the destruction of the traditional, more diverse farming systems that drew
on extensive genetic diversity, leading to the current more widespread rice cultivation, in
particular around the fertile plains of the Tonle Sap region (Sin and Sakhan 1996).

Exposed to significant weather variability with alternating floods and droughts, many
Cambodians continue to suffer from food shortages and poverty, adding pressure for
migration in to the urban municipality of Phnom Penh as well as the neighbouring Thailand
and Vietnam. These push factors destabilise traditionally held community networks, cultural
values and the social infrastructure, creating social conflicts. For example, imbalances in
rural labour supplies are adding pressure for rapid farm mechanisation, intensive agricultural
practices and a greater reliance on commercial crops of rice in lowlands and flood plains,
and maize and cassava on upland plains and plateaus. Pressures to purchase farm
equipment to enable continuity in farming exposes rural people to debt traps, making people
more vulnerable. Similarly, new economic opportunities, led by increasing demand for food
and high value farm outputs such as horticulture, are leading to new wealth creation
opportunities as are incentives for improving farm productivity through the adoption of
newer, more intensive technologies.

According to Agricultural Census 2013, about 2.08 million households were engaged in
agricultural pursuits across these farming systems. Over 90 per cent reported activities
undertaken on the homelot where they reside as well as 3.07 million ha of agricultural lands,
located around or away from their homelots, used for growing crops, mainly rice. A further
253,437 households carried out their agricultural activities, including livestock and poultry,
solely within their homesteads, over a total estimated area of 37,437 ha. Hence, the number
of household agricultural holdings (with and without separate agricultural lands) in the
country was reported at 2,129,149, with a total area of 3,304,738 ha, giving an average
holding size of 1.6 ha. Those homelot cultivators, located mainly around urban centres,
operated a very small parcel, averaging 0.15 ha (NIS-MoP 2015). Obviously, their
livelihoods are dependent more exclusively on the availability of farm and non-farm wage or
small business activities or formal employment in industrial and services sectors.

Essenti al | y AgridDlunabesodrcea dossist primarily of about 3.1 million hectares
of cultivated land, and fisheries activities focus on the Mekong River and Tonle Sap, one of
the most productive freshwater fisheries in the world. While cash crops and an emerging
plantation crops (rubber and sugarcane) yet to make a large impact, many of Cambodia's 15
million people draw livelihoods as rice farmers supplementing their incomes from fishing,
and fishers supplementing their incomes from rice farming. Non-farm income activities are
therefore crucial to bridge seasonal income gaps.

For farmers working within these small land units and a close nexus between crops and fish,
as commercial orientation of agriculture increases, the availability of, and access to, agro-
processing equipment, transport and storage facilities are becoming crucial in raising
productivity of the primarily rice-based farming system. Hence the production cycle and food
supplies for rural households, particularly the poor, are dependent also on fisheries
productivity, abating environmental consequences of intensive farming on aquatic resources
of the sensitive Tonle Sap and the Mekong river system remains crucial. Upland farming,
tree crops and forest products could extent more onto highland farming to varying degrees,
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depending on the geographic location. Poor soils, rainfall distribution and marketing
infrastructure could constrain rapid expansion.

Irrigation is not widespread and vary in sophistication: established irrigation canals, pumps,
and sprinkler systems, localized watering systems including manual watering of plants using
buckets, watering cans or other devices. They cover only 20 per cent of the 14,073 villages
that are clustered within 1621 communes across 194 districts.

Productivity and competitiveness:

Sustainable increases in farm productivity and profitability is crucial for productive and
competitive transformation in Cambodian agriculture, as changes in the rest of the economy
continue. When faced with rising input costs, greater price volatility, and emerging
environmental risks, productivity growth is necessary to ensure agricultural competitiveness,
growth in farm incomes and the sustainability of rural livelihoods.

Estimates of TFP, produced with available data from the USDA-ERS and FAO provided a
useful basis to assess underlying productive capacity (productive potential), to use as a
measure of the growth for the dominant rice sector. Experimental TFP estimates indicate the
potential to gather useful policy relevant information, if required datasets were available.

Both partial and total factor productivity are used to measure the performance of agricultural
sector as well as other sectors across different economies of the world. Partial measures of
productivity such as output (e.g. rice yield) per worker, per hectare of land, or per unit of
machinery are useful for some purposes. However, total factor productivity (TFP), also
known as Multi-factor productivity, which measures how well different inputs are combined in
production processes, offer a more complete measurement allowing intersectoral or inter
country comparisons.

1 Inthe south east Asian region, the rice yield has risen consistently since 1991. Since
2009, Cambodian rice yields have kept pace with that of Thailand, but stay behind
Vietnam, Myanmar, Lao and The Philippines. A similar pattern is seen for change in
TFP.

9 Further decomposition of TFP measure indicates that TFP growth is being driven
largely by changes in technology and factor input use (Figure 2, Panel c), affecting,
the direction of technical progress (e.g., adoption of innovative cultivation methods),
the level of technical efficiency change (i.e., ability of farmers/firms to use the
available technologies better (through education and training programs).

1 However, Cambodia seems to lag in terms of change in scale and scope economies
(which can be achieved through increasing the enterprise size or diversifying
activities to gain complementary benefits of producing mutually beneficial output
combinations).

91 Interms of productivity growth indexed to base year 1961, it seems that Cambodian
agricultural productivity (rice) followed closely with that of Vietham since 2005.

Moreover, while partial measures that examine labour or land input use alone are quite
useful, they do not account for other inputs which are necessary to explain technical change
or productivity trends. For instance, heavy subsidises of fertilisers could increase both land
and labour productivity, but it could reduce overall (total factor) productivity of the
farm/country, by encouraging inefficient factor substitution.

The project termination meeting, held in Phnom Peng during 29-30 August also received
participation from other Mekong countries, Lao PDR, Thailand and Vietnam and updated on
changes in farming systems in the broader Mekong region. The meeting considered
implications for improved public policy, research priority setting and investment strategies to
enhance competitiveness and sustainability of the regional farming systems.

Overall, this exploratory research activity has served to meet the set objectives of:
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1. Engaging national and regional partners in development to identify implications
for public policy, research priority setting and business engagement for promoting
agricultural development in Cambodia and the surrounding region.

2. Informing the potential difficulties in assembling existing farming systems data
into a spatial database to highlight the regional development context from a
farming systems view.

3. Informing the nature of emerging market links and factors influencing the growth
in regionally competitive agricultural sub-systems.

4. Developing strong collaborative links with FAO in Cambodia, in particular Mr lean
Russell, resulting in a process to assemble farm input-output data from available
Commune Level Agricultural Data publications (In Khmer).

5. Liaising with other development partners, such as with the World bank team
responsible for Cambodia.

The development of a spatially differentiated approach to link farm-level planning to farming
systems scale analyses to inform policy making will facilitate scaling-up and targeting of
technologies and investments to meet competitive growth initiatives across Cambodian
agriculture to prepare the sector to benefit from emerging new trade regimes.

The project experience indicates that there is a critical need to support a knowledge
synthesis activity in bringing together vast interdisciplinary research undertaken across
ACIAR and development partner R&D space to assist practical solutions in countries such
as Cambodia.

The augmented farming systems analysis and knowledge system created in this SRA offers
a robust basis to collate all knowledge across ACIAR projects in South East Asia and create
a virtual synthesis centre for South East Asia to guide public good development

interventions and foster public private partnerships for sustainable agricultural development.

10
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3 Introduction

Growing linkages with the global economy, facilitated by initiatives such as the ASEAN Free
Trade Agreement, is changing the agricultural production, marketing and trade landscape of
Cambodia and the wider Mekong. This project investigated the competitiveness of farming
systems within Cambodia under emerging trade regimes, to inform research and policy
opportunities for agricultural development and trade. The available information, including the
various ACIAR studies on rice and other Farming Systems provide good background on
sources of productivity and competitiveness i but need to be augmented for development
planning.

Bordered by Thailand, Laos and

Vietnam to the west, north and east
respectivelyy, Cambodi abds f.
topographical features are expansive

plains, the great Tonle Sap Lake region,
coastal areas abutting the Gulf of

Thailand, as well as mountains, hills and «.
highland plateaus (NIS-MoP 2015).

TheCambodi ad s papdatiomis |
dispersed across 25 provinces and the
municipality of Phnom Penh. Below the
provincial and municipal level, the
districts, communes and villages define
the administrative regime. Across these
administrative levels, policies and processes that provide for access to water, transport,
education, communication, health facilities and other basic infrastructure directly and
indirectly influence the capacity of agricultural communities to undertake their activities. In
particular, as economy diversifies, the nature of economic undertakings in these farming
systems is increasingly influenced by the quality and availability of infrastructure and
services.

With 80 percent of its population in rural areas and dependent primarily on agricultural
production for food supply, family income, and livelihood, enhancing the productivity and
competitiveness of Cambodian agriculture ranks high as a development opportunity.

The Royal Government of Cambodia (RGC) has developed a vision to modernize

Camb odi a Otwe by igareasig Malue adding and promoting agricultural value chain
responsiveness to market demand and regional and global competition. In this context, the
RGC focuses on enhancing agricultural productivity, including diversification and
commercialization. Their aim is to build upon the success in improving rice-based farming
systems, and to address productivity challenges in the upland rain-fed farming systems that
are relatively more vulnerable to emerging challenges such as labour shortage, soil fertility
decline and climate change. Diversification options for Cambodian agriculture include
livestock farming and aguaculture, sustainable forestry and fisheries resources
management. The success in achieving these options will require strengthening institutional
capacity and the efficiency of support services such as extension, which are key priorities in
RGCbs agricultural s elheseostrategies caa beaigeiully considgrddann s .
a farming systems framework for development planning.

ThisSRA compl ement s, whB érbmces acsysieras approach to planning and
development of its small-scale farming enterprises, recognising that the Cambodian
agricultural production environment is, in general, harsher than the fertile lowlands of other
countries in the region. Given the natural constraints of generally poor soils, which often
become waterlogged during the wet season, and where three-quarters of the agriculture is

11



Final report: Competitiveness of Cambodian Farming Systems: characterization of farming systems to inform research and
policy

rainfed, the project focused on identifying factors influencing agricultural productivity in key
Cambodian farming systems. It drew on a wealth of literature on smallholder farming
systems in Cambaodia, including previous and ongoing ACIAR sponsored studies, and
sectoral information from the national data sets, to identify key farming systems, undertake a
systematic analysis of productivity, identify drivers of those productivity changes and
highlight areas for further research to assist agricultural policy development.

The focus was to understand the context of change, relating to drivers of transformation in
livelihoods, driven by increasing farm and nonfarm income opportunities. Drawing on the
experience in Vietnam and Lao PDR, it explored the likely performance of key farming
systems as impacted by opportunities for value chain development through exposure to
changed trade regimes, and in meeting challenges such as climate variability and changes
in relative availability and cost of labour and outputs in a context of increasing market
integration in the region.

The SRA will help Cambodia meet its continuing challenge to enhance the ability of local

farm and non-farm enterprises to compete amid growing regional integrationd and

particularly to take advantage of its natural competitive advantage in changing market
conditions,asCambodi a6s nei ghbour s condfarmingeysttnro engage |
classification developed here and the insights drawn from productivity analysis and GIS

integration will provide a sound basis to explore the needs and effectiveness of investment

opportunities for research and development, and the role for public policies and programs to

incentivise long-term agricultural development, in future work.

This 18-month project? drew on the learnings made in farming systems approaches to
development planning and priority setting in Ethiopia (CSE/2013/189) and Tanzania
(CSE/2015/022) to inform development planning and policy, planning and investment
strategies in Cambodia. Highly-fragmented data systems, the need to translate documents
from local language Khmer, and difficulties in establishing sources of available data, made it
necessary to extend the initial implementation time frame of 10 months, to complete the
project within resources available.

Close collaboration with the Sydney University led CSE/2015/044 fSustainable
intensification and diversification in the | owl a
close liaison with FAO Cambodia and generous support of local experts helped made the

best use of available data.

An additional information gathering activity was designed to help develop the initial
characterisation of Cambodian Farming Systems, by means of a Rapid Rural Appraisal type
intensive work-session, held on 26th of July 2017 in Phnom Penh. This allowed further
consultation with a sub-set of experts and data holders, and offered a constructive basis to
manage data limitations.

While the data available from this concerted effort was adequate to meet the explorative
nature of this work, systematic collection of farm-level input-output data, including on farm
and non-farm activities that together support livelihoods, is crucial to allow for more
comprehensive analysis of farm performance and productivity. The farming systems
boundaries and the data bases on agricultural settlement characteristics developed in this
work will help identify priorities for data collections and reporting.

The project proved successful in:

1. Engaging national and regional partners in development to identify implications
for public policy, research priority setting and business engagement for promoting
agricultural development in Cambodia and the surrounding region.

2 The project was initiated as a 10-month activity, but extended due to difficulties in obtaining relevant data

12
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2. Assembling existing farming systems data into a spatial database to highlight the
regional development context from a farming systems view.

3. Developing capacity to evaluate emerging market links and growth in regionally
competitive agricultural sub-systems using spatially linked biophysical and socio-
economic data.

Together, these activities have demonstrated the value of farming systems based analysis to
identify productive capacity of agricultural landscape, factors underpinning performance and
risks to development in a sensitive production environment. The project outcomes, focusing
on its contribution to the development of a spatially differentiated approach to link farm-level
planning to policy making to facilitate scaling-up and targeting of technologies and
investments to meet emerging new trade regimes, are documented in this report.

13
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4 Justification

In 1999, Cambodia joined ASEAN then, five years later, the World Trade Organization

(WTO) in 2004. Its membership of the two organisations has allowed Cambodia to reap the

benefits of regional co-operation and international trade. In view of continuing regional

growth, Cambodia faces a rapidly evolving regional trade regime and new opportunities for

production and processing technologies. To build export potential agricultural productivity
mustrise.Cambodi a i s predominant | y arrweaakaahdfield t s nati o
information from different areas is not well integrated. That makes the assessment of

economic performance difficult, particularly for rurally located industries, such as agriculture.

This SRA was designed to explore how Cambodia enhance the ability of local farm and non-

farm enterprises to compete amid growing regional integrationd and particularly to take

advantage of its natural competitive advantage in changing market conditions as

Cambodi ads nei ghbour s c olmparticnlarat fotussedeon gavidigag ! ob al |
sound basis to explore the need and effectiveness of investment opportunities for research

and development, and the role for public policies and programs to incentivise long-term

agricultural development, in future work.

Using Cambodia as an example, it extends the Farming Systems based approach to
regional investment planning and priority setting to East Asia. It is hoped that it will
strengthen local capacity to undertake Farming Systems-Based planning and help promote
FS-Based planning approaches to enhance pro-poor agricultural development in an
improving market integration context, such as the ASEAN FTA.

4.1 Partner country and Australian research and development
Issues and priorities

Consistent economic growth, driven by light manufacturing, tourism, rice, and construction
has led Cambodia closer to lower middle-income status, over a period of two decades
(Royal Government of Cambodia 2014). While growth is expected to continue through 2016,
the economy remains vulnerable to exogenous shocks and natural disasters such as floods
and droughts. With limited prospects for industrial growth, agriculture, fisheries, and forestry
remains primary targets for improving economic prosperity. Agriculture contributed 30.4% to
GDP during 2011-2015, employing 67% of the workforce in 2012, generating USD 318 per
capita agriculture value added in 2012.

Cambodian crop vyields increased by 4% during 2004-2012, making farm production more

competitive, and allowing Cambodia to successfully compete with Thailand, Vietham and

Myanmar in farm exports. While the newly formed ASEAN FTA could raise further

opportunities for economic gains, without significant growth in agriculture, Cambodia will not

reap its full benefits. The annual agricultural growth has dropped to 2% over the past two

years raising concerns over future stability and
led primarily by smallholder farmers and an agricultural policy previously focused heavily on

rice production.

Hence, agriculture, based around 3 million hectares of cultivated land, and fisheries on the
Mekong River and Tonle Sap, are the primary livelihood strategies for Cambodia's 15 million
people. This close nexus between fishing and rice farming means that aquatic pollution
associated with intensification strategies for rice, or unplanned upland farming that create
disturbance in headwaters could have disastrous consequences. In this regard, the
Cambodian Rectangular Strategy Phase-Ill (CRSP lll) and the National Strategic
Development Plan (NSDP) 2014-2018 identify the need for improving agricultural
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productivity, and focuses on supporting diversification and commercialization, land reform,
and sustainable natural resource management, notably forestry and fisheries resources as a
key strategy for agricultural development.

Achieving these national development goals for agriculture would require improving system-
wide agricultural productivity. To do so, capacity for carefully assessing natural comparative
advantage and matching sustainable means to improve competitiveness through appropriate
technology, market and institutional settings is critical. Moreover, in designing development
strategiesd aimed at building skills, developing entrepreneurship, and supporting self-
relianced the diversity in Cambodian farming landscapes should receive careful attention.

Although the past focus has largely been on rice, the recent positive trends towards more
profitable crops like vegetables, cassava maize and mung bean (Martin et al. 2016), and
emerging entrepreneurship towards agriculture-linked businesses (Eliste and Zorya 2015)
suggest the presence of untapped potential for alternative pathways to improve livelihoods in
Cambodia (See Appendix 6 for a detailed case study).

The past progress has been linked to expansion of area under agricultural production, and
limited diversification and intensification of agricultural production. This has often involved
the use of limited external inputs, with a focus on developing cost-effective management
practices, centred around providing livelihoods for predominantly subsistence-oriented
smallholder farmers. However, the continued expansion of land area may increase the level
of intensification and present significant economic-environmental trade-offs that require
careful assessment in the context of the complex-diverse riverine agro-ecosystems of the
Mekong region.

While there is an increasing interest for commercially oriented farming, changes in
agricultural input costs, arising through increasing opportunities for employment, changes in
taxation and other transaction costs can significantly erode competitiveness. Such impacts
need to be understood from a whole of system context relating to total factor productivity of a
farm enterprise. Policies can thus be designed to enable comparable gains in productivity to
help offset increasing costs and improve competitiveness in a global market. For instance,
ACIAR project ASEM/2010/049, found that in north-western Cambodia, with the expansion
of cropping, incentives for cattle raising is declining as tractors profitably substitute for
draught animals. As the profitability of competing enterprises improves labour costs required
to keep 3-4 animals may hinder the ability of Cambodian farmers to transition to profitable
meat production. Such resource allocation challenges within a farming system need to be
better understood to assist appropriate public policy solutions to address key impediments to
raising farm productivity.

Governments, multi-lateral development agencies and regional organizations, such as
ASEAN, World Bank and ADB are working to facilitate the implementation of effective
policies and strategies that drive sustained agricultural growth and productivity in the region.
Identifying priorities for rural development in a landscape dominated by smallholders
operating a multitude of farming systems, linked to rather small areas of land, has been an
ongoing challenge. Increasing variability in farming conditions, such as those arising from
climate variability and change, increasing pressure for urbanisation and ecosystem service
provision has exacerbated this challenge. Enabling traditional agricultural systems to evolve,
adapt and function profitably under variable conditions is therefore crucial to ensure more
sustainable and commercially oriented agriculture that can address food security and social
development objectives.

The Australian Government, though Australian Aid and ACIAR, has contributed significantly
to Cambodian agricultural development, in particular catalysing the development of
knowledge, skills and information systems. Current projects are developing important
partnerships and providing research and analyses guiding the diversification of smallholder
agriculture sector, focusing mainly on integrated resource management (SMCN/2014/088),
marketing and value chain development (ASEM/2014/053; HORT/2012/003). Regionally
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focussed projects are also addressing cross-cutting issues of climate adaptation
(LWR/2008/019), technology adoption (ASEM/2014/009) market engagement and post-
harvest management (ASEM/2012/081) and agricultural policy (ASEM/2009/023). To make
the best return from this investment, it is imperative to develop planning capability at the
landscape scale where the farming system diversity and market connectivity are key sources
of competitive advantage hitherto less well recognised in development targeting.

This activity fits well within the objectivesofth e ACI AR&s program in Cambod
line with both the agricultural and water priorities under the NSDP and the newly
promulgated Agriculture Sector Strategic Development Plan, including the RGC Rice Export
Policy and the CRSP Ill (MAFF 2015b). This activity will extend ACIAR aims to increase and
secure the productivity of rice-based farming systems and associated systems. This has
implications for both household food security, and national and regional food production.
Second, the SRA aligns well with ACIAR aims to support applied R&D that underpins
agricultural diversification, particularly into non-rice field and horticultural crops (Touch et al.
2015). Third, the SRA recognises the vulnerability of Cambodian agriculture, particularly
rainfed cropping, to climate variability and change and aims to address objectives for more
resilient farming systems in a changing climatic and trading environment (Eliste and Zorya
2015).

4.2 Research strategy

This project has built upon previous ACIAR work in East Africa and compiled information
from Cambodian studies on technology adoption, resource constraints and cropping system
development to synthesize knowledge for planning and priority setting capability based on a
farming systems approach. A farming systems approach to development that takes account
of the complex operating context of the farm household, could facilitate more efficient
targeting of solutions based on similarity of resources, constraints and socioeconomic
context (Amede et al. 2017, Dixon, Gulliver and Gibbon 2001).

The project commenced with in depth discussions with policy makers and senior
researchers in a workshop focussed on the farming systems approach as a complement to
commodity-based targeting of policy interventions. This approach appreciates that small-
scale farmers operate a wide range of interdependent gathering, production, post-harvest
and off-farm enterprises enabling them to build assets, manage risk, gather knowledge and
enhance resilience of their farming units in a dynamic fashion. Spatial characterisation and
GIS based spatial analysis of farming systems provide a robust framework to enrich
traditional planning frameworks. Combined with productivity analysis, it can assess how
changes such as increasing market integration and policy settings that facilitate markets and
entrepreneurship opportunities contribute to the effectiveness of interventions across
different production systems and environments. Hence, detailed assessment of farming
systems, including local economic analyses that can highlight investment returns and priority
issues for both farmers and planners under different trade regimes could inform ongoing
planning needs in Cambodia.

Targeting interventions based on economic characteristics of farms, rather than the
conventional focus on agro-ecological zones and commodities, could offer advantages. In
particular, it provides a basis for a more holistic focus, in the context of improving
opportunities for market production, using improved technologies that can mitigate
limitations in the in natural context, such as soil fertility and landform, and addressing
potential environmental and social externalities of intensive production.

Moreover, important economic characteristics such as market connectivity, availability of
labour and food system diversity, could redefine the competitive advantage and create new
value propositions for entrepreneurs. Overall, economic planning that combine natural
competitive advantage and enhanced production capability build upon prudent investments,
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can assist building a more resilient economy that supports diversity. In such an approach,
representing similar operating contexts, such as the subsystems associated with the rice-
based farming system, could prove useful in improving the productive use of resources,
including human resources in these systems for greater social good. Clearly, evidence
elsewhere points that systematic analyses can assist in organising the diversity into
actionable policy-relevant categories (Amede et al. 2017).

At the micro level, classification of farm types might assist localized technological solutions
and extension support and insights for developing policies sensitive to the diversity of
smallholder farms. From a macro-economic perspective, systematic analysis could inform
agricultural research and extension strategies, uncover binding institutional constraints, or
infrastructure bottlenecks that constrain development. In the context of emerging
opportunities under free trade, analyses may reveal opportunities to accelerate transition to
a more dynamic rural economy where smallholders will have greater opportunities for
entrepreneurship.

The project methodology involved the synthesis of local information with econometric
analysis to estimate total factor productivity for different farming systems. In this way, the
project links farm-level and other local level contextual information to policy dialogues on
development potential and investment opportunities for different farming systems; and

demonstrate assessment methods for priority setting development interventions. To illustrate

the planning value, and of value-chain development opportunities, a set of productivity
analyses, drawing on commune level data and field visits to understand examples of
emerging entrepreneurship in upland cropping, lowland rice and vegetable farming are
developed and mapped against farming systems with similar context.

Close liaison with the Ministry of Agriculture, Forestry and Fisheries (MAFF) and the local

FAO office assured strong support and that the activity will help MAFF in the implementation

of the Agricultural Extension Policy, which follows a farming systems approach (MAFF

2015a). SRA implementation in Cambodia will was led by Dr Seng Vang, MAFF and Deputy

Director Cambodian Agricultural Research and Development Institute (CARDI). This
arrangement allowed for sharing of data and continuity of the collaborative process
commenced in the previous ACIAR work and other relevant work undertaken by other
development partners working with MAFF, such as the World Bank, FAO and ADB.
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5 Objectives and deliverables

The project was designed to undertake a farming systems assessment and evaluation
process in consultation with policy makers and senior researchers in Cambodia to assess
opportunities for improved public policy, research priority setting and investment strategies.

The objectives were to:

1. Engage national policy makers and senior research managers to identify
implications for public policy, research priority setting and business engagement
for promoting agricultural development in Cambodia and the surrounding region.

2. Assemble existing farming systems data into a spatial database to highlight the
regional development context from a farming systems view

3. Evaluate emerging market links and patterns of growth in certain agricultural sub-
systems in the region using spatially linked biophysical and socio-economic data.

Within the limitations of available data, the project made significant progress in meeting all
objectives and achieves significant support from development partners who acknowledged
the strong value in continuing the effort beyond this exploratory phase.

Consultations assisted through the Inception meeting and field visits in October 2016, work
session in Phnom Peng during 26-27 July, Productivity analysis using farm, zone and
national level data, and the Project Termination Meeting in Phnom Penh during 29-30
August in Phnom Penh enabled the research team to fully deliver all agreed outcomes for
this Small Research Project.

5.1 Policy engagement

Objective 1. Engage national policy makers and senior research managers to identify
implications for public policy, research priority setting and business engagement for
promoting agricultural development in Cambodia and the surrounding region.

5.1.1 Stakeholder engagement and consultation

Three forums were designed, coordinated and facilitated by the project, to seek advice,
assess information needs and availability of data, and to synthesise knowledge and finally
share outcomes and develop a way forward to sustain the effort.

Inception workshop in Phnom Penh 31 October to 01 November 2016

A consultative workshop on 31 October and 1 November 2016 in Phnom Penh was a key
step to facilitate discussions with national and regional partners in development in this
research project.

In particular, the workshop focussed on:

1. Expert valuation of opportunities for promoting agricultural development in Cambodia
and the surrounding region and implications for public policy, research priority setting
and business engagement.

2. The discussions were framed in the context of the emerging trading environment and
challenges for agriculture in overcoming broader environmental trends that
highlighted the strategic policy need for supporting climate resilience and water
management including calls for more efficient adaptation strategies.

3. The central focus of the workshop was to present the emerging issues within a
farming systems context, allowing greater appreciation of the natural resource,
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institutional and external trading environment related factors that collectively
determine the operating context for Cambodian agriculture.

¢ The deliberations proved that a farming systems framework, that was already in
use at the Ministry of Agriculture, Fisheries and Forestry (MAFF) of the Royal
Government of Cambodia (RGC) provided a robust framework to envision
pathwaystomoder ni ze Camb o di fachisng @nddentifying greéater e by
value adding opportunities, and promoting agricultural value chain
responsiveness to market demand and regional and global competition.

¢ Workshop facilitated the identification on key data sets, collaborating agencies
and finalisation of a work plan to achieve project objectives.

¢ Significant gaps in data and understanding was noted

4. The workshop noted the importance of farming systems to Cambodians as a source
of food, source of cultural and ecological inspiration and a source of national pride
and heritage.

¢ I't observed the Prime Ministerodés senti ment
and abiotic components, which defines the potential and capacity for utilisation
and enhancement.

¢ It has evolved over thousands of years, not only affected by climate but also
social, cultural, economic and even political forces that have influenced its
sustainability and competitiveness under varying expectations. The ability of
farming systems to adapt to these changes has resulted in the resilience of the
Cambodian farming systems.

¢ ltis crucial to better understand this complexity to better able to manage through
rapid change that is now occurring.

Local experts work session to characterise Cambodian Farming Systems, 27 July
2017, Phnom Penh

The objective of the work session was to gather local expert knowledge to identify and
spatially delineate key Cambodian farming systems following a Rapid Rural Appraisal type
approach. The meeting was guided with interactive spatial data presentations in a GIS
platform, incorporating land use maps and geographic features as well as the road network.
With spatial information and local expert knowledge, the work session identified draft
boundaries for four primary farming systems. Those four systems were delineated using
geological, ecological, socio-economic and administrative systems boundaries as guides.
However, available data and knowledge was not sufficient to develop consensus for
characterising each system with their sub-systems, primary livelihoods and constraints to
relate to opportunities for sustainable development.

It was agreed that:

a. further effort will be needed prior to the project completion meeting to agree on final
boundaries and key characteristics, relevant to planning and priority setting

b. key challenges such as climate change, in an increasingly trade-exposed regime will
likely to expose existing systems to vulnerabilities,

c. and those pressures need to be included in analyses guiding the scope of
agriculture-led growth, such as the development of the Master Plan for Agriculture,
ASDP 2019-2023.

d. Those constraints will also define the context for identifying research and policy
needs and to develop a basis for prioritising investments to address the
vulnerabilities.
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Taking this broad approach will then
enable the research team to identify
sources of competitiveness as
defined by natural assets, livelihoods
infrastructure to support a balanced
development pathway.

and

The expert input will be sought from ' the
targeted invitees to assist with
specialist knowledge and experience
based assessments to identify the
location of main farming systems i
configuration of activities with a
common purpose derived from
natural resource, livelihood and
business competitiveness objectives
a balanced growth.

Balanced development

pathways for

Project completion workshop:

Regional Workshop on the Competitiveness of Cambodian Farming Systems:
characterization of farming systems to inform research and policy, 29 -30 August
2017, Phnom Penh

The workshop offered a valuable forum to develop consensus on draft farming systems
boundaries, key issues for investment prioritisation and to showcase project outcomes to
key stakeholders in policy, planning, research and development practice. The workshop was
represented by professionals from all these areas, including invited delegates from Laos,
Vietnam and Thailand (The agenda and the list of delegates are at Appendix 3 and 4,
respectively).

The workshop agreed on the final boundaries for the proposed farming systems as a
reasonable demarcation of key farming systems zones. It was found unhelpful to delineate
sub systems within those categories as they do not follow a particular pattern.

The four farming systems zones delineated are depicted in Figure 1 and include:
1 Central Plains Rice-based system
1 Eastern Upland Mixed system
1 Northwest Upland Mixed system, and
1 Western coastal and mountainous fringe

It was emphasised that the Cambaodian farming systems have evolved in the light of
significant natural diversity influenced by the varying topography, diverse soil types and
susceptibility to severe weather. This natural diversity defines the type of agricultural
activities, livelihood opportunities and hence the feasibility and attractiveness for modern
agricultural development. Decades of civil war has led to the destruction of the traditional,
more diverse farming systems that drew on extensive genetic diversity, leading to the
current more widespread rice cultivation, in particular around the fertile plains of the Tonle
Sap region (Sin and Sakhan 1996).

In this context, the workshop identified a number of challenges and priority areas that need
careful consideration in assessing potential pathways to enhancing agricultural productivity
of predominantly smallholder farming units.
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Figure 1: Principal Cambodian farming systems zones

Central Plains Rice-based system challenges

1. The sensitive nature of the riverine environment that characterise the Great Mekong
region and in particular the Central Plain Zone of Cambodia that surround the Tonle Sap.
The Central Plains rice-based farming system predominates in this region.

2. The Central zone not only provides livelihoods for the majority of Cambodians, it also
contains much of Cambodiabs cul tur al and biolo
hence a range of economic-environmental and social trade-offs that needs to be
carefully considered in future development efforts.

a. Essenti al | yfishe@es activities foeud an the Mekong River and Tonle
Sap, one of the most productive freshwater fisheries in the world. While cash
crops and an emerging plantation crops (rubber and sugarcane) yet to make a
large impact, many of Cambodia's 15 million people draw livelihoods as rice
farmers supplementing their incomes from fishing, and fishers supplementing
their incomes from rice farming.

b. The production cycle and food supplies for rural households, particularly the poor,
are dependent also on fisheries productivity.

c. The close nexus between crops and fish, may be threatened as commercial
orientation of agriculture increases. Hence abating environmental consequences
of intensive farming on aquatic resources of the sensitive Tonle Sap and the
Mekong river system remains crucial.

d. Similarly, the availability of, and access to, agro-processing equipment, transport
and storage facilities are becoming crucial in raising productivity of the primarily
rice-based farming system. Upland farming, tree crops and forest products could
extent more onto highland farming to varying degrees, depending on the
geographic location. Poor soils, rainfall distribution and marketing infrastructure
could constrain rapid expansion.
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e. The discussions highlighted that a number of factors such as declining labour

availability, increasing seasonal variation, rising costs and poor productivity are
key factors determining the competitiveness of the rice-based farming system in
this region.

Given the large uncertainties surrounding the future directions of change in both
environmental and economic factors driving these changes, the workshop noted
the importance of adopting a broader risk management framework in guiding
adaptation, including the consideration of opportunities for diversification and
commercialization of smallholder farming. A detailed case study of challenges in
upland farming systems that is a key subsystem of the Central Plains rice-based
farming system is at Appendix 6.

3. As natural streams, infrastructure and community links connect plateau and mountainous
zone to the Central Plains zone, management of natural resources is very important, in
particular addressing land degradation often associated with increasing intensification.

q

The Tonle Sap lake is linked to 13 tributaries, and it is the largest freshwater lake
in SE Asia

It is a key feature of the aquatic agricultural system that has evolved over
centuries, providing the links and community purpose to other systems
surrounding it in other zones.

For instance, land based people do both farming and fishing

Communities live on floats and fishing is the primary livelihood also grow plants
on floats for home consumption and undertake rice farming

Dry season deep water rice (floating rice until 2005), has virtually disappeared. It
is being looked at as a possibility for climate adaptation.

Similarly, over 6000 rice varieties offer valuable gene pools for climate adaptation
and enhancing competitiveness as conditions change

4. A farming systems view will help better understand these links including, for example,
maize-cassava expansion into the forest, where the yield is not improving, hence
constraining competitiveness and sustainability.

5. As trading regimes improve, opportunities for import substitution and expanding exports
based on comparative advantage will be crucial. Given the constraints for livestock
expansion, live cattle imports from Australia, may become necessary as is happening in

Vietham.
6. In evaluating the feasibility and effectiveness of pursuing these opportunities it would be
crucial to:
¢ Look for efficient value adding opportunities
¢ Balancing devel opment and conservation
tradition and expectations for higher quality of life
¢ Consideration of Non-Timber Forest Products, and implications for people of
expanding rubber, replacing for example cashew and pepper
¢ Developing reginal land use strategies embracing the connectivity that is often
overlooked in commodity/project based development strategies.
¢ Land use change occurring at each level and pathways driving change needs to

be better understood.

7. Available data on these aspects of resource use, economic and social benefits and risks
on land degradation and future productivity is poor
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8. Poor data availability is hampering decision-making and risk future competitiveness

Key areas of concern across all farming systems and zones include:
High dependency on agriculture whereas the productivity is stagnant, or falling
High incidences of poverty and undernourishment, including in children

Migration and ageing of populations looking for new opportunities in neighbouring
countries as well as in Phnom Penh

Overdependence on Thailand and Vietnam for processing and marketing

Need to improve profitability, focusing on key sources of costs, productivity and
opportunities for better use of resources

1 The integrated rice commodity systems with Vietham and Thailand i price is falling
and they may not recover, exposing farmers to difficulties

1 Focus on the volume of rice production i need to develop niche markets for superior
rice i promote rural economy diversification via other more competitive diversification
options

9 Assess what Thailand and Vietnam is likely to do i assess relative comparative
advantage in common markets

5.1.2 Promoting policy dialogue and supporting networks
At the outset, the project envisaged

9 The creation of a virtual Cambodian Agricultural Systems Policy support group to
foster policy level use of farming systems approach for planning and priority setting.

1 However, it was thought prudent to delay formal announcement of this until the
project completion workshop, in August. This was motivated, in part due to difficulties
in obtaining necessary field data, which was necessary to guide the analysis that was
intended to provide the basis of discussions within this group.

9 It has been agreed that the participants at the Project Completion Workshop
becomes the initial members of this informal group.

5.1.3 Identification of geographic6 hot spot s o

Deliberations at workshops, field visits and geographic and productivity analysis based on
available data points to the critical importance of the Central Plains Zone as a geographic
hot spot for further evaluation.

This includes the primary rice-based farming system and key subsystems within and in the
periphery of it including the high value horticulture in the Pailin region in the North and
upland cropping in the north west.

However, this assessment is interim and subject to further evaluation as this project only
provided an initial basis to undertake explorative analysis.

9 Additional consultative meetings he could not resolve priority issues as the process is
complex, sensitive and requires additional data and effort beyond that is supported
by this project to achieve this fully. Nevertheless, the project has made significant
advances towards this objective.

a) Adopted an innovative approach to draw on expert knowledge of key
informants for the rapid assessment of the competitiveness of different
farming system zones.
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b) Field data was used to supplement expert knowledge about agricultural
productivity at the national, sectoral and provincial levels, as elaborated in
section 5.3.

c) A comprehensive GIS data base has been developed incorporating available
data at various scales, as explained in the next section.

5.2 Farming Systems Data for Cambodia

Objective 2 of Ashemblgexisiifngdaorning systess data intd a spatial
database to highlight the regional development context from a farming systems view 0

It was envisaged that the analysis based on geographic data will support the development of
a EXplanatory report for landscape scale farming systems assessment and evaluation,
including a draft map delineating broad farming systems for Cambodia, drawing on best
available data. (30 November 2016)0 .

On-field realities of poor data availability and delays in organising surveys and key
stakeholder input meant that this deliverable was delayed considerably, as critical data were
sourced even after the project completion meeting.

A comprehensive spatial database of farming systems attributes has been compiled and is
available for public access at: http://aurichtprojects.com/data/cambodia/ . This database
hence meets the following deliverable.

1 Spatial database of farming systems, incorporating digital data on land use,
production environment, socio-economic and infrastructure relating to agricultural
productivity.

Datasets in the digital GIS database include:
National level
- Roads, rivers,
- Soil Fertility
- Soil type, slope, elevation
- Rainfall, and climate vulnerability
- Land use 2010, including agriculture uses
- Poverty and fish dependence
- Admini Province, District and Commune and Village location

- Commune database 2011 17 produced by the National Committee for Subnational
Democratic Development (NCDD) i data on size in terms of land area and family
/household indicators (rice land, electricity, crop yields, livestock) and population for
each commune in Cambodia have been incorporated.

A catalogue of data assembled and the links to original data are at Appendix 5.

5.3 Productivity and competitiveness

The term Acompetitivenessd has many meaai ngs.

nation is a measure of meeting the test of international markets. The International Institute
for Management Development (IMD) describes it primarily as the ability of a nation to create
and maintain an environment for wealth creation. The World Economic Forum (WEF) views
it essentially as a means to ensure sustained growth in income per capita. This translates to
greater opportunities for consumption and greater potential for entrepreneurs seeking to
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offer goods and services that carry more value for money. Managed well, it could create the
sustainable basis to raise living standards across the board.

Itis acknowledged thatin t oday6s i ncreasingly interconnected
success is determined by its competitiveness i the ability to compete with its rivals.

Therefore, to guarantee rising living standards and economic prosperity in this era of
globalisation and trade liberalisation, economies today have no other choice but remain
competitive and efficient in all what they do.

Essentially it is not individual countries that compete i rather households and firms i or
business enterprises that contribute to economic activity, that remain exposed to global
competition are those who can respond. Governments can only make the business
operating environment more suitable for such entrepreneurial activities 1 that is taking risks
to make their business prospects better. For farmers, particularly who manage small farm
holdings and operate farming units with multiple activities, they are also exposed to global
pressures.

As the activities on farm are linked to other farms and households within and businesses
and households outside, pressures that come from the global economy as well as global
environmental change will affect production conditions and the markets for what they
produce and what they buy to help improve production. This applies well to Cambodian
agriculture.

Conventionally, the competitiveness is examined at the firm, sectoral and national levels,
and offer a basis to draw insights about insights about the state of the economy, and also
uncover policy settings that can help improve economic performance (Australian
Government 2016). For agriculture, competitiveness is also about survival and fulfilment 7 in
meeting the needs of today and in the future for a sustainable food supply.

Therefore, improving the competitiveness of agriculture sector will need to occur by
improving the competitiveness of farming systems. That is, by taking account of changes
that are making those farming systems vulnerable to instability, in particular, if appropriate
changes are not made. Because the world around a farm is changing, not making changes
to the farm environment will make farms more exposed to change and variations in output
and productivity.

Therefore, improving competitiveness is about understanding the factors that are likely to
destabilise existing production systems and preparing them to better cope with external
pressure. Essentially, this means improving the adaptive capacity of farming systems in
ways that will improve systems productivity. That follows that improving profitability,
productivity and innovation is critical to build competitiveness of the agriculture industry. This
is more so in the face of declining terms of trade i where prices paid increase more than
prices received (Mallawaarachchi et al. 2009).

This also requires us to better understand what are the strengths and weaknesses of
existing systems and what investments would make them more productive, more responsive
and hance more adaptable to change and variability. That would mean making agriculture
resilient in the face of change and make farmers more responsive to emerging opportunities.

5.4 Analysing Rice Sector Total Factor Productivity Change and

its Decomposition in Selected Countries
Productivity represents the relationships between inputs and outputs in the production
process. As a practical concept, productivity helps define both the scope for raising living

standards and the competitiveness of an economy. Productivity analysis, undertaken at
international, national and regional levels and also for different sections of the
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economy, has, therefore, an increasing role in formulating and assessing government policy
(Camus 2007).

As for other sectors, improvement in productivity is key to achieve competitiveness in the

agriculture sector. Productivity statistics can help understand main driving forces in growth in

agriculture, and how agricultural sector can achieve sustainable growth both in domestic and

global markets (Mallawaarachchi et al. 2009). It can assist evaluating the achievement of

policy goals, such as the MAFF goal, which ai ms
5% per annum through enhancement of agricultural productivity, diversification and

commercialization, and livestock and aquaculture farming by taking into account sustainable
forestry and fisheries resources managemento.

Sustainable increases in farm productivity and profitability is crucial for productive and
competitive transformation in Cambodian agriculture, consistent with changes in the rest of
the economy. When faced with rising input costs, greater price volatility, and emerging
environmental risks, productivity growth is a necessary to ensure agricultural
competitiveness, growth in farm incomes and the sustainability of rural livelihoods.

Productivity is defined as the ratio between output and input. Therefore, increasing
productivity means greater efficiency in producing output of goods and services from labour,
capital, materials and any other necessary inputs. Productivity and efficiency are hence two
closely related concepts, which, taken together provides a very useful basis to understand
how well changes in economic circumstances can translate to impacts on living standards.

Improving productivity results in improved living standards. This is because an increase in
productivity translates into an increase in output (amount and quality) without any increase in
input used in the production process (labour and materials). However, this will only hold
when the ter m & kdsacconngof the wayntiteautpditofthete goods and
services is distributed within a population. It is not just overall productivity of an economy
that is important but also how it varies across the economy and across the people living in it.
Therefore, the productivity of different geographical areas is important, as is the productivity
of different industries or types of firms (Camus 2007).

5.4.1 Output measures

Productivity estimates tend to use one of three different measures of output:
1. total output
2. gross value added (GVA)
3. gross domestic product (GDP)

Often,t he t er imasedjto poterdiad confusion. GVA and GDP are net of inputs used,

meaning that they equal the value of production less the value of inputs. Put another way,

they measure the value added to inputs during the course of production. GVA and GDP are,

therefore, both value-added measures. The difference between them relates to the price

val uation used, as explained | ater. GVA and GDP
gross of the depreciation of capital assets.

The choice between which output measure to use is mainly determined by what types of
input are included in the productivity calculation, as will be explained later.

Total Factor Productivity (TFP), also known as Multi-factor productivity is useful in assessing

an economyd6s underlying pr oduc @animpertatt mgasueioft y ( pr o
the growth possibilities of economies (OECD Manual, 2001). TFP is defined as the residual

output growth of an industry or economy after calculating the contribution from all inputs (or

factors of production). Put another way, it is the output growth which cannot be explained by

increasing the volume of inputs alone and is assumed to reflect increases in the efficiency of

use of these inputs.
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Measuring aggregate productivity accurately and consistently is an important objective for a
National Statistical Institute (NSI). Users, however, also want to look behind the statistics to
understand the dynamics and determinants of productivity growth.

Although traditional inputs of climate and land quality i the natural inputs are not directly
measured in productivity analysis, close examination can reveal how factors such as
location (Aiello, Pupo and Ricotta 2014) or agroecological zones contribute to productivity
and hence competitiveness (Alemu, Nuppenau and Bolland 2009).

1 There are different indicators of competitiveness including, trade-related indicators,
and strategic management measures such as firm-level indicators of production
costs or profitability, and productivity (Latruffe 2010). However, productivity
measurements are considered as an important indicator of competitiveness which
can offer insights to develop policies to achieve sustainable growth in the agriculture.

9 Both partial and total factor productivity are used to measure the performance of
agricultural sector as well as other sectors across different economies of the world.
While partial measures of productivity such as output per worker, per hectare of land,
or per unit of machinery (e.g. rice yield) are useful for some purposes, total factor
productivity (TFP) that measures how well different inputs are combined in
production processes, offer a more complete measurement allowing intersectoral or
inter country comparisons. Moreover, partial measures that examine labour or land
input use can be misleading as they do not account for other inputs which are
necessary to explain technical change or productivity trends. For instance, heavy
subsidises of fertilisers could increase both land and labour productivity, but it could
reduce overall (total factor) productivity of the farm/country, by encouraging
inefficient factor substitution.

9 Total factor productivity provides a comprehensive measure that could indicate
whether the change is productivity is coming from technical progress (e.g., adoption
of innovative cultivation methods) or technical efficiency change (i.e., ability of
farmers/firms to use the available technologies better (through education and training
programs), or due to scale and scope economies (which can be achieved through
increasing the enterprise size or diversifying activities to gain complementary
benefits of producing mutually beneficial output combinations). Any improvement in
these components will lead to greater productivity thus enabling farmers/firms to
compete both in domestic and international markets. By knowing the limitations in
current state of productivity, policy makers can be guided to take appropriate
remedial actions.

Figure 1 Panel a, presents the yield per hectare for rice cultivation in six countries including
Cambodi a, Vi et nam, Thail and, Philippines,
Republic. Though overall there has been increasing trends in per hectare rice yield,
Cambodia has been underperforming on this measure, remaining below the Philippines until
2009.

On the other hand, the analyses indicate that Vietham has been the most productive within
this Mekong group of countries. As mentioned above these partial productivity measures
may be misleading as they do not take into consideration other factors that might have
affected the rice productivity. Therefore, a comprehensive and exhaustive decomposition
and identification of TFP sources in the rice sector could provide more useful policy insights.
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Fare-Primant TFP Inoex

Panel a: Per hectare rice yield (t/ha) in Selected
Southeast Asian Countries (1961-2013)

Panel b: Rice sector TFP change in selected
Southeast Asian Countries

Drivers of TFP Change -Cambodia

Change in TFF

Panel c: Rice sector TFP change in Cambodia (1961-
2013)

Panel d: Rice sector TFP change in selected
Southeast Asian Countries

Figure 2: Measures of TFP, Cambodia and its regional competitors

Note: these were developed primarily to demonstrate the value of analysing production data in
different ways to gain policy insights. Available data did not permit developing TFP estimates at the

farming systems level.

Profitability

Profitability is a more commonly used measure for performance comparisons. In
international trade comparisons, change in profitability can be expressed as a product of
change in productivity and the change in terms of trade of a sector or economy.
Comprehensive and accurate measures of TFP and its different drivers are important for
policy-making in different sectors of economy. Economists have used both bottom-up and
top-down approaches to measure and decompose TFP of different sectors across many
developed and developing economies (see, O'Donnell 2012). In the bottom up approach,
generic measures of efficiency change and technical change are defined first, and then
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these components are combined to measure TFP change. On the other hand, in the top-

down approach, researchers begin with an identified TFP index and then decompose it into

various meaningful components such as technical change, technical, scale and mix

efficiency (O6Donnell, 2012). For instance, tec
production frontier (that may be the result of research and development expenditures),

technical efficiency change measures the movements towards or away from the frontier (i.e.,

best practices) which occur due to increased adoption of available technologies i or doing

what they do better, as influenced by education and training programs. Scale and mix

efficiency change components measure the scale and scope economies (as a result of

changes in taxes and subsidies).

TFP can be defined as the ratio of an aggregate output to an aggregate input:

Qs

TFR, =

st

where Q,, =Q,/ Q, is an aggregate output index, X, = X,/ X, is an aggregate input
index in current and reference periods, t and s, respectively.

Aggregator functions can be categorized into price based and technology based quantity
aggregators. Price based quantity aggregators that use the economic theoretic approach are
usually constructed from revenue, cost or profit functions (e.g., Laspeyres, Paasche, Lowe).
The technology based quantity aggregators need not possess price or value information in
their construction (e.g., Fare-Primont, Hicks-Moorsteen). To demonstrate these exhaustive
measures of TFP, we decompose the Rice sector TFP in Cambodia into its different
components to investigate what are the main drivers of TFP change. To provide a
comparison with other selected Southeast Asian countries, we illustrate TFP change of
Thailand, Vietnam, Lao, Philippines and Myanmar.

We use Food and Agriculture Organisation (FAO) aggregate output and input data. This
data is also available on Economics Research Services, United Sates Department of
Agriculture (ERS-USDA). The earlier studies use the growth accounting approach to
compute TFP using this data (Fuglie and Wang 2012, Fuglie and Schimmelpfennig 2010,
Fuglie, Wang and Ball 2012). To provide information on what are the main factors driving
TFP, we compute exhaustive measures of TFP change using this data (Fuglie 2015). We
used the linear programming approach to compute TFP indexes and associated measures
of efficiency change for all countries (see, O'Donnell 2012).

Estimates of TFP and change in its components are summarised below:

9 Cambodian rice sector TFP growth has been slow and hence ranked low at the
bottom in terms of productivity gains (Figure 5). This highlights the need to further
investigate probable factors underpinning slow productivity change in the rice sector.

T Vi et na méhangeTappRars to surpass all other countries in this group, since
1990, while Laos seems to be at an intermediate level.

9 Further the decomposition of TFP change into its various measures reveals that
technical change has been the main driver of TFP change in Cambodian rice sector
(See Figure8).

1 We notice that change in technical efficiency have not contributed to TFP change,
which indicates that rice farmers were not able to adopt beneficial agronomic
practices, which may be due to a lack of education and training (i.e., availability of
extension services).

9 Estimates of various components also show that scale and mix efficiency have been
on the decline throughout the period since 1961 (See Table 1). It indicates that rice
sector exhibited diseconomies of scale and scope during this period. In other words,
farmers may not have been able to make appropriate use of input or output mixes
due to small farm size, unavailability of timely input and credit constraints.
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Table 1. Estimated Provincial level rice productivity, 2015

Banteay Meancheay 0.421
Battambang 0.464
Kampong Cham 0.706
Kampong Channang 0.654
Kampong Speu 0.561
Kampong Thom 0.529
Kampot 0.688
Kandal 0.709
Koh Kong 0.340
Kratie 0.404
Mondul Kiri 0.279
Phnom Penh 0.477
Preah Vihea 0.306
Prey Veng 0.552
Pursat 0.487
Rotanak Kiri 0.293
Siem Reap 0.376
Preah Sihanouk 0.514
Stung Treng 0.344
Svay Rieng 0411
Takeo 0.710
Oddarmeanchey 0.309
Kep 0.555
Pailin 0.323
Thoung Khmum 0.392

0.473
0.599
0.790
0.697
0.637
0.555
0.744
0.791
0.566
0.432
0.519
0.702
0.425
0.599
0.602
0.556
0.395
0.738
0.385
0.464
0.828
0.363
0.608
0.583
0.457

0.898
0.820
0.934
0.949
0.878
0.959
0.950
0.945
0.927
0.957
0.737
0.896
0.805
0.942
0.918
0.702
0.960
0.910
0.921
0.953
0.941
0.894
0.969
0.601
0.858

TFPE -

TFP Efficiency 8 Measures the difference between observed TFP and the maximum TFP possible

using the available technology

ITE - Input-oriented technical efficiency 8 measures the difference between observed TFP and the

maximum TFP achievable with the current level of input mix, output mix and output level

IME - Input-oriented Mix efficiency 8 measures the potential to achieve the same level of TFP. with

lower levels of aggregate input mix.

Source of data: Economic and Social Profile data, in year 2015. Provincial Department of Planning,

Kingdom of Cambodia.

Note: These figures represent the level of productivity as the data is not sufficient to develop indices

of productivity change
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We have computed these measures of TFP change using country level aggregate input and
aggregate output data. However, if farm level data is available, it will enable us to identify
significant differences within rice production systems in Cambodia. It will allow us to know
what factors are affecting farm level productivity changes in a particular farming system
(environment + technology + infrastructure, etc.) for farmers in particular regions of
Cambodia growing rice more extensively.

In the absence of farm level data, we used Commune Level rice production data aggregated

at the provincial scale derived from AEconomic a
how TFP measures can be further disaggregated to provide useful information on drivers of

productivity.

The data includes 189 districts in 25 provinces. We use rice production quantity as an output
and land, labour, and machinery as input. In Table 1, We note that technical inefficiency
remains below 0,60 across the entire rice sector. Empirical estimates of technical efficiency
0.60 implies that on average farms in different districts could produce 40 percent more
output with better utilization of available inputs. This low performance may result from poor
farm management practices. We also note large disparities in technical efficiency among
different regions/districts, which emphasizes the need for education and training programs to
promote best practices.

Analysis also indicate that overall scale-mix effects remain around 85 percent, implying that
farmers have been successful to make appropriate use of input mixes. However, these
results indicate that rice growers can further increase their farm productivity by making
adjustments in scale and scope operations, which may be attributed to input prices and
guality (e.g., land). Further aggregation of efficiency estimates at province level show that
Kandal province was most technically efficient (i.e., 79 percent) whereas Oddarmeanchey
province remain the least technically efficient (i.e., 36 percent). These difference s may be
due to existence of different rice production systems.

Spatial distribution of technical efficiency

The influence of location is often ignored in economic analysis. Yet, location is particularly
important for nature based activities such as agriculture. In order to assess how rice
production efficiency varies across the four farming systems identified, the TFPE values
were spatially mapped over Cambodia.

Itis clearly eveident that the southern Central Plains rice-based system is far more
tecefficient that the northwest portion. Moreoever, the farming systems where upland
production is more widespred, rice productivity remains particularly less efficient.

Other contextual information relating to rainfall and farm size in these regions are also of
interest in interpreting these results.

1 The existing gaps in data prevents a complete analysis required for a comprehensive
understanding of how different factors are affecting rice productivity in Cambodia, or
to extend the analysis into other farming systems. With better data, we could make
direct and indirect (transitive) comparison of productivity and competitiveness directly
across groups with different characteristics. The investigation of the relationship
between farm size and competitiveness (which is an extensively debated issue),
could produce more insightful findings about the scale and scope of farming
operations.
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Figure 6: Technical efficenecy of rice production at the Provicial level, 2015

The preliminary results from this analysis indicates that a rise in productivity would have the
largest positive effect on farm incomes, especially if the shift from traditional to modern
technologies is accompanied by increased use of quality seeds, fertilizers and irrigation, thus
ensuring higher levels of efficiency in resource use.

5.5 Emerging market links and patterns of growth

Objective30f t hi s SH#uateenserginganaréet links and patterns of growth in
certain agricultural sub-systems in the region using spatially linked biophysical and socio-
economic datad .

Examination of existing market links, mapped as the density of markets across different
farming systems, indicates that the largest concentration of markets is within the Central
Plains rice-based system. Across other farming systems markets are thin, and links to
bordering Thailand, Laos and Vietnam are acting as an important source of growth for
border areas (Figure 7).

@ blueprint for sustainable upland cropping practices in North-western Cambodiad i ncl|l uded
in Appendix 5 reports further against the above objective.

I't is clear that market | inks to Thailand and Vi
allocate resources on rice and cash crops. In the North West, which is a sub-region with the

Central Plains rice-based farming system. In this region, despite recent effot to develop rice

milling infrastructure, the market links are rather informal and quality assurance has been a

key source of price downgrades.

Focussed work, such as the Northwest project on sustainable intensification and
diversification would be able to shed more light on issues of farming systems based climate-
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smart investment strategies to enhance entrepreneurship in the emerging market integration

context.
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Figure 7: Market density across Cambodian farming systems

Land use and agricultural diversity

Land use in Cambodia is changing rapidly. Much of that change is associated with the
conversion of forest land into agriculture. These include Economic concessions for
largescale developments as well as uses by smallholders (Figures 8 and 9).

Legand

v BATed
Fredines

Eccnomic Concsasion

| R

| | rawe cnsary: Fronsnin e,
| RIS TOAT TEErTT
[ v ivam e

[ EFIET T

Figure 8: Spatial distribution of land allocations under economic concessions
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Figure 9: Cambodia land use 2010
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AS illustrated in Figure 10, the Central Plain rice-based farming system has the smallest
proportion of forest land. Recent research suggest that further changes have occurred since
2010 in this system, leading to further decline in the forest cover.

Central Plains Rice-based

North West Upland Mixed

Figure 10: Land use in 2010 by farming system
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These chnages, viewed in the context of the multiple use resources around the Great Tonel
Sap lake system, amy indicate future vulnerabilities, in particular given the very high
dependency of the population around the lake for fish, as a livelihood activity and

commercial opprtunity (Figure 11).
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Figure 11: Fish dependency
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There are significant inconsistencies in the available information, with regard to land use and

agricultural activity, due to timing, reporting and methodological issues that underpin

available datasets.

Data extracted from the Commune level database, for instance suggest a much larger area
of agricultural land across all farming systems (table 2). This could also due to the issue of

multiple cropping as well as overestimation by landowners/operators.

Table 2: Types of agricultural activity by farming system

Farming System Central Eastern North West  Western Grand Total

Plains Upland Upland Coastal and

Rice- Mixed Mixed Mountainous

based fringe
Corn area (ha) 29,844 2,086 3,150 131,393 166,473
Cassava area (ha) 112,964 75,573 81,788 124,890 395,215
Cashew area (ha) 75,470 25,089 21,539 2,270 124,368
Mango area (ha) 8,745 147 930 8,664 18,486
No of HHs with buffaloes 141,849 20,432 16,917 16,457 195,655
No of Buffaloes raised 358,887 57,574 50,497 41,559 508,517
No of HHs with cows 879,348 38,440 66,151 63,802 1,047,741
No of cows raised 2,211,626 143,738 212,530 216,216 2,784,110
No of HHs with chicken 1,352,639 66,999 113,155 141,885 1,674,678
No of chicken raised 8,679,749 361,127 631,862 932,271 10,605,009
No of HHs with ducks 209,006 10,615 17,471 19,421 256,513
No of ducks raised 5,866,621 57,226 108,878 331,153 6,363,878
No HHs with pigs 480,427 30,073 54,125 39,310 603,935
No of pigs raised 1,154,587 66,563 101,729 101,770 1,424,649
Total farm area 5,732,510 4,319,726 4,036,913 3,893,128 17,982,277
No of HHSs reported 2,446,800 124,404 186,135 252,705 3,010,044
Estimated farming 11.01 0.56 0.84 1.14 13.55

population (million)

Source: Commune level data base, 2011
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Climate adaptation

This activity sought to provide insights on planning to become climate smart, in the presence
of notable climate variation, drawing on a comprehensive study in Vietnam. An extract of this
study is included in Appendix 6, with kind contributions from Dr NGUYEN Duc Kien i Senior
Lecturer, Department of Agricultural Economics and Agribusiness, Hue College of
Economics, Hue University, Vietham.

This Vietnam study, as well as observations made during field visits, and the analyses
reported in the case North West Cambodia cases study included in Appendix 5 indicate that
farmers are adapting to climatic change in various ways. It is, however, not clear if those
adaptations can be considered successful, without more focussed studies.

The farming systems approach coupled with productivity and spatial analysis provides a
robust basis to undertake such investigations. For example, as climate is changing and
impacts are noticeable, it is crucial to understand effective adaptation options to prevent the
exposure of vulnerable communities to climatic hazards. Such vulnerabilities need to be
understood both in terms of physical exposure to environmental conditions as well as the
capacity of people to adapt measures to mitigate potential impacts.

As noted previously, the Central Plains rice-based system includes around 80% of the land
under agriculture which provide livelihood to around 80% of rural people. The soil conditions
in that system are noted for its low fertility (Figure 12). Hence under alternating wet and dry
regimes, which are likely under climatic change, this system is likely to face severe
vulnerabilities to loses in productivity and hence competitiveness. Hence, improving farming
systems resilience to climate variation is an important aspect in safeguarding farming
systems competitiveness.

Figure 12: Sail fertility status of Cambodian farming systems
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5.6 Implications for public policy, planning and Research

Development planners are looking for ways to target efforts to match priority needs to
ensure better value for money for shrinking budgets. Approaches that align efforts across
sectoral or commodity lines have often led to patchy results, slow progress and poor aid
effectiveness. Achieving desired systemic change in the face of multiple challenges facing
agriculture and rural communities are proving particularly difficult.

A farming systems approach (FSA) helps to develop an understanding of the complex
decision-making context of the farm household and potential for sustainable improvements
in farming livelihoods. The emphasis and application of the FSA have evolved and expanded
over past decades. Initially directed towards system characterization and the design and
promotion of improved technology in the 1980s and 1990s, the farming systems approach is
now showing promise for guiding policy development, investment planning and scaling out
development initiatives. New developments in information technology, remote sensing and
GIS applications makes FS-Based planning more affordable and widely applicable.

Integration of GIS-based resource assessment and spatial analysis and multiscale
productivity analysis to measure and analyse competitiveness from farm to national scales,
as adopted in this exploratory study, shows clear promise in meeting stakeholder needs for
planning and priority setting of interventions.

1 Ongoing work in Cambodia, such as the ASPIRE project, World Bank and ADB rural
interventions, that embrace the ecological, cultural and economic diversity within the
greater Mekong region is proving the value of FSA in better recognising the
intersectoral linkages within farming systems in determining competitive performance
under multitude of drivers of change.

1 Exploratory analysis suggests that when households within a smallholder farming
system engage in the production of both traded and non-traded goods and services
and derive unpaid services from nature and family members, both the concept of
productivity and the competitiveness fail to work cleanly.

1 In economies where agriculture and nature based activities have a significant
influence in the economic and social output, making agriculture and natural resource
based industries more resilient to climate change is particularly important.

1 New metrics for gauging the performance of systems under change will allow better
appreciation of systemic change and ways to guide desired systemic change to
prepare these communities for improved economic opportunities, while safeguarding
the environmental and cultural assets that gives them unique competitive advantage.

1 Forinstance, proper assessment of the changing competitiveness of the inhabitants
of the Tonle Sap catchment needs to account for livelihood opportunities for both
fish-based and rice-based farming systems that seems to co-exist under alternating
wet and dry seasons. A challenge would be to assess both synergistic and
competitive economic and social benefits in the face of rapid technological change,
mechanisation, demographic and resultant social change being presented to these
communities.

1 Given the diversity of tropical agriculture, targeting agricultural and rural development
efforts to specific farming systems can lead to more effective investments than
conventional development planning based on administrative boundaries, agro-
ecological zones, single commodities and/or sectors.

Understanding the interplay amongst natural attributes of the elements of the systems that
give unique comparative advantage and the influence of the variables of the macro and
micro policy settings will determine how different industries that characterise these farming
systems will perform under likely change scenarios that will likely increase resource scarcity.

The current approach i a focus on households and firms i (ERP) enterprise resource
planning fail to meet these challenges. We need a comprehensive response to tackle
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growing resource scarcity, which both drives the efficient use of those resources through the

supply chain and brings healthy food to as many people as possibledi Emmanuel Faber.

Faber calls this ftonsumption ecosystemsq taking into account every stage in the life of

products, from the producti on pmdcessingand mat eri al t o
packaging (Magnin 2016).

AA farming system with many annual and peren
more resilient to external fluctuations in weather, markets, input supplies,
etc., than is a single, high-production commodity crop system. The pursuit
of economic efficiency needs to be accompanied by analysis of unintended
resilience consequences (Walker et al. 2010)

The farming systems approach captures Farberés s
highlights in the above quote. FS based planning offers a more tractable basis to plan and

execute interventions to improve productivity and resilience i two components of farming

systems competitiveness under uncertainty and change.

5.6.1 Importance of context

In Cambodia, as with mostly agricultural societies, farmers must scratch livings from smaller
plots, while the incomes they gain leave hardly any surplus to invest on making the soils
more fertile. This is more so in the Central Plains Rice-based system, where the proportion
of land below 1 ha is greatest. On the other hand, new agricultural developments are
spreading into areas with poor soils, high vulnerability to rainfall variation and are away from
population centres and markets (Eastern Zone).

While productivity analysis indicates room for enhancing efficiency of resource use, the
analysis only holds when there are conditions for efficient market operation i no information
barriers and low transaction costs, in particular. As these efficient market conditions do not
prevail in Cambodia, and market failure is commonplace, the level of performance that can
be expected through technical enhancements are relatively low.

The research effort could thus focus on ways to safeguard natural resource conditions and
ways to minimise fluctuations in yield levels and for opportunities to diversify agricultural
systems.

5.6.2 Climate change for research and development

As economies in South East Asia grows and living standards improve, economic growth
brings with it an expectation for increased fiscal and social responsibility for domestic
matters and a greater accountability for international public goods 1 the natural resources
and the environment.

Agriculture is still strongly influenced by smallholders and characterized by externalities and
market failure, low social capital and marginal production for trade. Public good agriculture
and related development assistance provide the major fall-back for sustaining the poor i the
legacy system, as well as the natural environment that offer natural competitive advantage.

Research is a key element of public investments, alongside targeted assistance for
extension and other development activities, where private sector participation can be
expected to be low.

As food preferences becomes versatile and choices widen, the private industry begins to
make its own steps forward in consumer and commodity focussed research, information
dissemination, provision of inputs, processing and market linkages.
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Donor driven activity will decline as interest shifts to more needy countries. Developing
public private partnerships becomes increasingly important, as are monitoring and feed-back
that will expose negligence and duty of care with respect to common good, stimulating
knowledge systems for devising remedies.

5.6.3 Way forward

Systems analysis to systems thinking i guiding systemic change

The SRA has moved farming systems focus from systems analysis to integration for
knowledge synthesis T to guide decisions and actions at the decision scales.

However, in addressing public good issues in particular T such as pollution prevention and
climate adaptation, establishing local relevance and legitimacy is a challenge.

ly is critical to identify trade-offs, synergies and accountability to provide a basis for
negotiating cost-sharing and benefit attribution for joint investments. Understanding and
communicating the decision context becomes critical.

While proven beneficial to development programmers, FS approach is unlikely to be
embraced by development partners, as accountability and tractability is clearer in legacy
approaches. Overcoming institutional inertia is important but need to be careful not to
destabilise other program elements.

However, many current and pending programs can use systematic classifications and
underlying knowledge to guide investment for better effect.

Endorsements and approvals are critical in Cambodia and similar settings. To succeed, it is
crucial to demonstrate to decision makers, through careful case studies, how the data
systems and ongoing data collections can improve decisions and investments (targeting and
tailoring interventions or investments to specific conditions).

There are opportunities to partner with a group assisting the implementation of a major
current challenge and demonstrate the usefulness of the tools (Master Plan for Agriculture,
ASDP 2019-2 023, Cassava Policy for Cambodia, ASPI RE,

RDCO6s Vi AgricolturalModernizationd

The FS approach is highly consistent witht h e  RBs@dfer modernizing Cambodian
agriculture.

1 Enhancing value added of milled rice production and export, especially fragrant and
organic rice and other high value agricultural products including rubber, cashew nuts,
corn, mung bean, soy bean, sesame, pepper, silk, fruits, coffee, vegetables and
flowers;

1 Promoting livestock production and aquaculture to meet market demand such as
meat, fish and dairy products;

1 Encouraging investments in agroindustry; and

1 Enhancing agricultural productivity, modernization and commercialization.

CARDI has a role in transl atsiimdpingg®ids notéeworthp n t o MA

that:

1 Small-scale farmers are not likely to survive as the economy strengthen and other
opportunities come along within the economy, if they are not competitive i helping
them become more competitive by transforming from subsistence-oriented to
commercial market-driven production, is a necessity.
1 Small farms need to be more organized to overcome inefficiencies of being small to
reap scale benefitsi f ar mer sé6 associations, agricultur al
networks, and knowledge hubs can help.
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1 Increasing the adoption of new and practical technologies to safely intensify
production, along with providing better access to irrigation, more reliable extension
systems and mar kets that provideostsch 6fair pri
resources and the benefits to consumers are among the priorities.

1 Strengthening the international cooperation is strongly needed, given the very limited
national budget for R&D and the complementary benefits to broader society in
addressing public good and social integration issues.

1 Measuring performance and relating development effort to national outcomes is an
ongoing challenge.

1 Understanding the sources of competitiveness and methods to evaluate performance
is therefore very important for MAFF and the wider government.

9 This study provides an initial step, but more needs to be done.

Research Priorities

Objective of agricultural research is to increase productivity and profitability of farming
systems, through partnership in agricultural innovation for development

1 Promoting R&D in mechanization (Crop establishment, weeds and insect pests
control, crop nutrition, and postharvest handling),

1 Germplasm improvement for markets, climate adaptation, and emerging pests and

diseases,

Increasing irrigation and water use efficiency (Soil water, crop water use, method),

Sustainable management of soils (Soil security for a changing climate):

=a =

- Management of soil constraints (Soil quality, soil erosion, plant nutrition),

- Soil organic matter management (Sustainable and efficient utilization of organic
materials such as compost, cow manure, straw, and biochar)

Optimizing nutrient use efficiency, especially N nutrition for rice (Reaching yield potential in
irrigated rice)
The role of the government

In preparing Cambodian agriculture, a key role for government is to build partnerships and
facilitate fair competition. This involves public-private partnerships from farm to international
stage, including for R&D that lead to new technologies as well as developing more
conducive policies.

This role can be graphically represented in a framework that enhancing Public-Private
Farmer Partnerships:
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FARMER
Agricultural
Cooperative
/ Farmer s

Groups

Source: Mak Mony (DIC/MAFF)

GOVERNMENT

logy oRa&D,
Extension service,
Contract Farming,
Capital, infrastructure,
Regulatory Framework
(SPS,GAP ,
Marketing),

ASME/Manufacturers
ATrader Associations
AExporters, etc.

Agricultural
Processing
Zone/Parks

7
L

A Domestic
Consumption
A Exports

More investment by private sector to establish as much as
possible for these Agricultural Processing Parks
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6 Conclusions and recommendations

6.1 Conclusions

Cambodia has made impressive economic progress in recent years, with growth averaging
10% annually during 2004-2008. But because its natural resources, hydropower potential,
and prospects for industrial growth outside garment production, light industry and tourism
are limited, it has little economic option but to fall back on its strengths in agriculture,
fisheries, and forestry (Asian Development Bank 2009). Despite recent slowing of growth in
agriculture, agriculture stild!l provides the back
terms of observed productivity, rice farming, the primary farm commodity, Cambodia has
begun to follow Thailand, and making headway towards filling the gap with Vietnam.
However, as encountered in this SRA, rice is produced as part of a farming system and the
contribution of other companion crops and livestock are not captured on rice productivity
estimates.

As Dr Sar Chetra, Deputy Director-General of MAFF remarked at the project completion

meeting, it o achi eve RGC agri cul twerneedtoduddwgohthep ment st r
success in improving rice-based farming systems, and to address the ongoing productivity

challenges in the upland rain-fed farming systems that are relatively more vulnerable to

emerging challenges such as labour shortage, soil fertility declines and climate change. i

Diversification options for Cambodian agriculture beyond rice includes pulses, vegetables,

livestock farming and aquaculture, sustainable forestry and fisheries resources

management. Many Cambodians are already engaged in these ventures and what is

required is a concerted effort to organise different components of farming systems to

achieve efficiencies in production, both scale and in scope. The success in achieving these

efficiencies will require strengthening research capacity and the boosting the effectiveness

of support services such as extension, whichar e key prioriti esectorn RGCOs
development plans. As this SRA has attempted to highlight, these strategies can be usefully

considered in a farming systems framework for development planning.

Thi s SRA c¢ompl e mewhick emRr&€stasystenos@ppoach to planning and
development of its small-scale farming enterprises. In doing so agricultural planning needs
to recognise the relative natural competitive advantage of Cambodian agricultural production
environment.

The key objectives of this SRA, were to:

1. engage national policy makers and senior research managers, to identify implications
for public policy, research priority setting and business engagement for promoting
agricultural development in Cambodia and the surrounding region;

2. assemble existing farming systems data into a spatial database to highlight the
regional development context from a farming systems view; and

3. evaluate emerging market links and patterns of growth in certain agricultural sub-
systems in the region using spatially linked biophysical and socio-economic data.

Our engagement activities, at workshops and field visits and the analyses of relevant data
confirmed that:

1 the four main farming systems identified differ significantly in terms of stages of
growth, the diversity of subsystems within each farming systems, and the varying
level of access to markets and infrastructure.

1 These differences points to the advantages of differentiating possible intervention
strategies, to better suit the differing needs and capacities of each farming system.
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For example, the highly intensified and diversified Central Plains rice-based farming system
is the clear knowledge base for developing diversification strategies. Nearly 80% of the
current agricultural land are in this system, as are 80% of the farming households. The other
systems have a much greater level of redundancies in resources and potential. However,
realising that potential will require targeted investments, in particular to strengthen the
infrastructure and market links to facilitate the growth of emerging enterprises and support
new settlements.

A key challenge would be to manage these developments in ways that will not degrade the
livelihoods that are dependent on natural forests in those farming systems and to protect the
countrydéds natur al reserves.

The economic land concessions that have been granted, in particular the Northwest upland
mixed system with its relatively high fertile soils (60% of the area), and the Western coastal
and mountainous fringe with varying terrain and coastal frontage, offer particular advantage
in promoting large scale commercial enterprises that can act as a nucleus for smallholder
ventures. Care needs to be taken in managing potential conflicts and external impacts of
large scale farming/intensification.

Given the natural constraints of generally poor soils, which often become waterlogged during
the wet season, and where three-quarters of the agriculture is rainfed, it is important to
identify key factors that influence agricultural productivity across Cambodian farming
landscape. Development of agriculture is a priority for Cambodia and will remain a priority
for economic development for many years to come.

This project is in f aacdidenwonstate havaifamming sydtems y 6
approach can be used to help identify the basis of changing competitiveness in agriculture,
as the agriculture sector is more and more exposed to international trade, changing global
demand, technology and new knowledge in all areas.

The insights developed in this SRA, the framework developed for assembling various data
sets, the efforts to draw Cambodian experts and other experts together to provide a new
perspective of smallholder farming systems in Cambodia will contribute to meeting RGC
priorities, and those of similar nations in Asia. At the current stage of development of
Cambodian agriculture, what is pivotal is facilitating growth and expansion of commercially
oriented activities. In doing so, facilitating livelihood development through growth in non-farm
economic opportunities is critical to alleviate income constrains and expanding choices for
investment.

The SRA has provided a basis to better understand the development context; it has provided
some clarity in the nature of differentiation in agricultural systems and offered capacity to
organise existing knowledge in the broader context. Once organised, the existing data and
knowledge will not act as a barrier to progress, rather provides a baseline on which new
knowledge can be gathered and further organised to enhance development effectiveness.

Clearly, there are opportunities to enhance the phase of such knowledge assimilation, by for
example, sponsoring a regional synthesis activity, that can endanger wider collaboration with
development partners. Existing projects such as the IFAD led ASPIRE can immensely
benefit from the synthesis of highly dispersed knowledge that could constrain evidence-
based policy development, that is critically needed at this stage of economic development in
Cambodia.

In the broader Mekong region, agricultural productivity enhancement has traditionally been
achieved through agricultural research, helping to alleviate poverty and enhance food
security of poor farmers. The Laos and Vietham experience briefly examined in this work
seem to suggest that the gains through technical efficiencies are beginning to flatten out,
suggesting a need for a broadening of the scope of economic activity, beyond agriculture.
This may well become relevant to Cambodia, although full gains of technical efficiencies are
yet to be made.
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6.2 Recommendations

Specialisation leads to vulnerabilities T it can erode competitiveness and diminish gains as
markets become visible, resulting in a loss of natural comparative advantage. The
diminishing importance placed by Cambodian farmers for its prized rice variety Pka Rumdoul
is a case in point. Often, such consequences are a result of inappropriate planning, poor
knowledge networks and inappropriate policies that fail to take a holistic view.

Productivity enhancement [through specialisation] has traditionally been
the main focus of agricultural research to alleviate poverty and enhance
food security of poor farmers in the developing world. Recently, the
harmful impact of climate change, economic volatility, and other external
shocks on poor farmers has led to concern that resilience should feature
alongside productivity as a major objective of research (Walker et al. 2010)

As Cambodia embarks on the next phase in economic development as a lower middle
income country, recent advances in resilient sociali ecological systems to the problems of
poor farmers can help in determining how diversification of enterprises could enhance
resilience. This might become an objective of research to better understand the viable
options for diversification in each of the four farming systems, in particular given the
differences in context, resource constraints and opportunity.

A need for a synthesis centre

A key aspect of this SRA and those undertaken in Africa previously, is the development of a
spatially differentiated approach to link farm-level planning to farming systems scale
analyses to inform policy making. It has the capacity to facilitate scaling-up learnings and
targeting of technologies and investments to meet competitive growth initiatives across
Cambodian agriculture to prepare the sector to benefit from emerging new trade regimes.

The project experience indicates that there is a critical need to support knowledge synthesis
capabilities to enable systemic change. This SRA and many ACIAR projects have catalysed
the integration of disparate datasets, knowledge strands and experiences to good effect.
Yet, vast interdisciplinary research undertaken across ACIAR and development partner R&D
space have often failed to reach its full potential in creating practical solutions in countries
such as Cambodia.

The augmented farming systems analysis and knowledge system created in this SRA and
available through http://www.aurichtprojects.com/data/cambodia/ offers a robust initial basis
to collate all relevant knowledge across ACIAR projects in South East Asia. It provides the
seed to create a virtual synthesis centre for South East Asia to guide public good
development interventions and foster public private partnerships for sustainable agricultural
development. The seed needs to be sown in fertile grounds and the seedling nurtured well to
yield fruits. It is not sure who will sponsor such a venture, but clearly it should be a broader
collaborative effort given clear public and private benefits.
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8 Appendixes

8.1 Appendix 1: Agenda i Phnom Penh Consultative meeting

Competitiveness of Cambodian Farming Systems: characterization of farming
systems to inform research and policy

Consultation Workshop, 31 October to 1 November, Hotel Cambodiana, Phnom

Penh

PROGRAM

Day 1: 31 October 2016

Time

Activity

9:00to0 9:10

Welcome and introduction

Dr Seng Vang, Deputy Director, Cambodian Agricultural Research and
Development Institute (CARDI), Ministry of Agriculture, Forestry and Fisheries
(MAFF)

9:10t0 9:30

Cambodian Agricultural Research and Development: enhancing competitiveness
in production for trade and livelihoods

Dr Ouk Makara, Director, Cambodian Agricultural Research and Development
Institute (CARDI), Ministry of Agriculture, Forestry and Fisheries (MAFF)

9:30to 9:45

Australia Partner shi p agricultubes ACPAR migsiomig
responding to country priorities

Dr John Dixon, Principal Advisor and Program Manager Cropping Systems and
Economics, ACIAR

q

9:4510 10:00

Cambodian Farming systems characterisation project: the scope and focus

Dr Thilak Mallawaarachchi, Principal Research Fellow, School of Economics and
the School of Agriculture and Food Systems, The University of Queensland

10:00 to 10:15

Participant introduction and scope for the day

10:15 to 10:30

Morning Tea/Coffee

Cambodian Farming Systems i diversity and opportunity

Perspectives from key regions and sectors

10:30 to 10:50

Dr Chea Sareth i Socio-economic make-up of Cambodian agriculture: what is
changing in farming livelihoods

10:50 to 11:10

I Tonle Sap Lake Zone: farming systems diversity and opportunity

11:10 to 11:30

T Plains Zone: farming systems diversity and opportunity

11:30 to 11:50

T Plateau and Mountainous Zone: farming systems diversity and opportunity
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11:50 to 12:10

I Coastal Zone: farming systems diversity and opportunity

12:10 to 12:30

Discussion

12:30 to 13:30

Lunch

Innovation, Business Capabilities and Performance in Cambodian Agriculture:
insights from the recent past

13:30 to 13:50

Dr Bob Martin, Director, Agricultural Systems Research Cambodia

The upland farming system 1 can crops, cattle and trees co-exist as the system
copes with emerging challenges: insights from the upland crop-c at t | e

pr

13:50 to 14:10

Determining winning strategies: key challenges and opportunities in rice farming
systems

Representative, Cambodian Rice Federation

14:10 to 14:30

Meeting changing demand for rural labour: opportunities and challenges in farm
mechanization

Prof Shu Fukai, School of Agriculture and Food Sciences, The University of
Queensland

14:30:14:50

Implications for farming systems technology, investment and planning -
discussion

14:50 to 15:10

Afternoon Tea/Coffee

Information gaps and strategies

15:10 to 15:30

Current digital farming systems mapping for Cambodia and the region

Christopher Auricht, Auricht Projects, South Australia

15:30 to 15:50

Informing faming systems change and development: agricultural extension
Souen Mak, Director, MAFF

15:50 to 16:10

MAFF agricultural Development Strategy or Insights from the Agricultural
Census

MAFF

16:10 to 16:30

General discussion on planning and capacity building

16:30to 17:30

Devel opment partnersb®d
information and capacity building

perspectives:

A Round table discussion with development partners

17:30

Close and refreshments

19:00

Workshop dinner
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Day 2: 01 November 2016

Reflections on Day 1 and way forward

9:00 to 9:20 Reflections on day 1
Dr Seng Vang and Thilak Mallawaarachchi
9:20 to 10:30 Placing Cambodian Farming Systems in the regional perspective to improve

productivity and competitiveness

A panel discussion led by Dr John Dixon

10:30 to 10:45

Morning Tea/Coffee

10:45 to 12:30

Strategies to build Farming Systems information and Research Capacity
A panel discussion led by CARDI/MAFF

12:307 12:40 Concluding comments
Dr Thilak Mallawaarachchi, UQ
12:40 Workshop Close and lunch
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8.2 Appendix 2: List of Participants i Phnom Penh Consultative

Meeting
ACIAR-CARDI-UQ Small Collaborative Research Activity: Enhancing the Competitiveness of

Cambodian Farming Systems: Characterization of farming systems to inform research and policy

Policy and research stakeholder engagement workshop
31 October to 1 November 2016, Phnom Penh, Cambodia

No. Name Organization Position Contact Status
1. | Dr Ouk Makara CARDI Director Ph: 011 911 165 Confirmed
2. | Dr Seng Vang CARDI Deputy Director Ph: 012 801 481 Confirmed
3. | Dr Chea Sareth CARDI Head of SEO Confirmed
4. | Mr. Hin Sarith CARDI Head of SWO Confirmed
5. | Mr. Lor Bunna CARDI Head of AFS Confirmed
6. | Dr Sar Chetra MAFF Deputy Secretary | Ph: 077 563 377
General in Charge
of Planning
7. | Dr Prum Somany DIC/MAFF Deputy Director Ph: 078 767 366
8. | Mr. Mak Mony DPS/MAFF Deputy Director Ph: 077 512 571 Confirmed
9. | Prof. Dr Men Sarom RUA Vice Rector Ph: 012 921 755 Confirmed
10. Dr Mak Soeun GDA Acting Director
General
11, Ms. Chan Phaloeun GDA Deputy Director Ph: 012 721 966
General
12, HE Dr Khieu Borin General Director General Ph: 012 828 942 Confirmed
Department
of Local
Community
Development,
MOE
13. Dr Thun Vathana PLNSA (Prek | Director Ph: 012 300 345
Leap National
School of
Agriculture)
14, Mr. Simon Buckley Australian Representative c/o Thilak via email
Embassy
15, Mr. Alexandre Huynh | FAO Representative in | c¢/o Mr. Kosal Oum

Cambodia
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16.

17.

18.

19.

20.

21,

22,

23.

24,

25,

26.

27,

28.

29,

30.

Mrs. Chamroeun

Mudita

Mr. Hem Sovannarith

Dr Theng Vuthy

Dr Chem Phalla

Dr Chan Sophal

Mr. Srey Chanthy

Mr. Moeurng Sonitya

Mr. Nheb Sron

Mr. Kuy Huot

Mr. Chan Rith

Dr John Dixon

Dr Thilak

Mallawaarachchi

Prof. Shu Fukai

Prof. Bob Martin

Dr Christopher

World Bank
(WB)

SDC

USAID

CDRI

CPS (Centre
for Policy
Studies)

Consultant

Siem Reab
PDAFF

(Tonle Sap
Lake Zone)

Takeo
PDAFF
(Plains Zone)
Kratie PDAFF
(Plateau and
Mountainous
Zone)
Kampot
PDAFF
(Coastal
Zone)
Australia

Australia

Australia

Australia

Australia

Senior Rural
Development
Specialist

Programme
Officer

Agriculture
Economist

Acting Director

Director

Agricultural
economist

Director

Director

Director

Director

ACIAR

University of
Queensland

University of
Queensland

Director,
Agricultural
Systems
Research
Cambodia

Auricht Project,

012 893 268

Ph:

Ph:

Ph:

Ph:

Ph:

Ph:

Ph:

Ph:

Ph:

Ph:

023 861 300

089 666 092

012 383 887

023 881 384

012 979 298

016 816 342

092 442 266

012 255 041

012 855 470

017 803 007

Funder

co-organizer

c/o Thilak

c/o Thilak

c/o Thilak

Confirmed

Ag
systems.
LP, Ag
policy and
evaluation

Confirmed

Confirmed

Confirmed

Confirmed

Confirmed
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Auricht SA
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8.3 Appendix 3: Agenda 1 Project completion workshop, Phnom

Penh

Regional Workshop on the Competitiveness of Cambodian Farming Systems: characterization of
farming systems to inform research and policy, 29 -30 August 2017, Hotel Cambodiana, Phnom Penh

DRAFT PROGRAM
Day 1: 29 August 2017

Time

Work session on Farming Systems Characterization
Chair: Prof. Dr MEN Sarom,

9:00 to 9:10

Introduction

Dr SENG Vang i Deputy Director, Cambodian Agricultural Research and
Development Institute (CARDI), Ministry of Agriculture, Forestry and Fisheries
(MAFF)

9:10 to 9:20

C h a ibriefing
Prof. Dr MEN Sarom

9:30 to 10:00

Draft Cambodian Farming Systems Classification: the approach and outcome

Dr Thilak Mallawaarachchi and Mr Chris Auricht 7 Australian Research Team

10:00 to 10:30

Discussion and consensus on key attributes and boundaries

10:30 to 11:00

Morning Tea/Coffee

11:00 to 11:30

Identification of Key subsystems within the FS Classes

11:30to 12:30

Key development challenges and opportunities in each Farming System

12:30 to 13:30

Lunch

AFTERNOON Day 1: 29 August 2017

Commencing with Lunch at 12:30

Time Session one: Introduction and overview
Chair: Dr Seng Vang, Deputy Director of CARDI

1:30 to 1:40 Introduction
Dr Ouk Makara i Director, Cambodian Agricultural Research and Development
Institute (CARDI), Ministry of Agriculture, Forestry and Fisheries (MAFF)

1:40 to 1:50 Welcome and opening address
Dr Sar Chetra, Deputy Secretary General of MAFF in-charge of Planning and
Statistics, and Member of ACIAR Policy Advisory Council (PAC)

1:50 to 2:20 Cambodian Agricultural Research and Development: emerging issues for enhancing

competitiveness in production for trade and livelihoods

Dr OUK Makara, Director, i Cambodian Agricultural Research and Development
Institute (CARDI), Ministry of Agriculture, Forestry and Fisheries (MAFF)
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2:20to 2:40 Australia Partnership in Developing Agriculture in the SE Asian Region: ACIAR
mission in responding to country priorities
Dr Dulce Simmanivong i Regional Manager, East Asia ACIAR

2:40to 3:10 Cambodian Farming Systems Characterisation Project: key learnings and insights
Dr Thilak Mallawaarachchi, i Principal Research Fellow, School of Economics, The
University of Queensland, Australia

3:10to 3:30 Afternoon Tea/Coffee

(Group photo taken)

Time (pm) Session 2: Measuring and managing competitiveness: Understanding the natural
competitive advantage
Chair: Prof. Dr MEN Sarom

3:30to 4:15 Cambodi ads natural setting and the | and
Mr Chris Auricht 1 Director Auricht Projects, South Australia, and Dr Bob Martin,
Director, Agricultural Systems Research Cambodia and Research Fellow, University
of Sydney, Institute of Agriculture

4:15 to 4:45 Rice Policy Study: |l mplications of Ri ce
Rice Policy and Rice Producers in South-Eastern Cambodia
Mr. Sim Sokcheng, Reseach Follow, Agriculture Unit Head
Cambodia Development Resource Institute (CDRI)

4:45 to 5:15 General Discussion

5:05 Close and refreshments

7:007 9:00 Workshop dinner

Day 2: 30 August 2017

Morning

8:30 to 8:40 Reflections on Day 1 and way forward

Time Session 3: Measuring and managing competitiveness: Benchmarking Performance
Chair: Dr Thilak Mallawaarachchi

8:40to 9:10 Planning and priority setting under uncertainty: responding to climate change, policy
and market changes
Dr Thilak Mallawaarachchii Principal Research Fellow, School of Economics, The
University of Queensland, Australia

9:10 to 9:40 Recent trends in Cambodian Agricultural Productivity i an indicator of regional

competitiveness

Dr Shabbir Ahmad, Post-Doctoral Research Fellow, School of Business and Dr Thilak
Mallawaarachchi, Principal Research Fellow, School of Economics, The University of
Queensland, Australia
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9:40 to 10:10

The changing productivity in the agricultural system in Vietnam

Dr NGUYEN Duc Kien'i Senior Lecturer, Department of Agricultural Economics and
Agribusiness, Hue College of Economics, Hue University, Vietnam

10:10 to 10:40

Challenges in improving productivity and competitiveness of smallholder farming
systems: Insights from the experience in Lao PDR

Dr Vongpaphane Manivong i Deputy Director, Agriculture and Forestry Policy
Research Centre, National Agriculture and Forestry Research Institute, Lao PDR

10:40 to 11:00

Discussion

11:00 to 11:15

Morning Tea/Coffee

Time

Session 4: Measuring and managing competitiveness: Creating change
Chair: Dr Thilak Mallawaarachchi

11:15to 11:40

Agricultural systems and rural livelihoods in Western Cambodia
Dr Clemens Griunbuhel, AIT

11:40to 12:10

Enhancing climate resilience in smallholder farming systems: Adaptation for
Smallholder Agriculture Programme (ASAP)

Dr SOUEN Mak, Deputy Director General of GDA, MAFF

12:10to 12:30

Opportunities for further research and donor led investments
Dr lean Russell i FAO Cambodia and and Dr SENG Vang i Deputy Director, CARDI

12:30 to 13:00

General discussion on planning and capacity building

13:00

Chris Auricht, Director Auricht Projects, Workshop Close

13:10

Lunch
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8.4 Appendix 4: List of Participants, Project completion

workshop, Phnom Penh

Regional Workshop on the Competitiveness of Cambodian Farming Systems:

characterization of farming systems to inform research and policy
29-30 August 2017. Cambodian Hotel, Phnom Penh, Cambodia

List of Participants

No. Name Affiliation Position Contact/Email
1. Dr Sar Chetra MAFF Deputy chetrass@gmail.com
Secretary
General in
Charge of
Planning and
Statistics, and
Member of
ACIAR PAC
2. | Dr Ouk Makara CARDI Director ou.makaral3@gmail.com
3. | Dr Seng Vang CARDI Deputy sengvangkh@gmail.com
Director
4. | Mr. Lor Bunna CARDI Head of AFS | bunna_lor@yahoo.com
5. | Prof. Dr Men RUA Vice Rector msarom55@gmail.com
Sarom
6. HE Dr Khieu General Director khieu_borin@celagrid.org
Borin Directorate of General
Local
Community,
MOE
7. | Mr. Srey Consultant Agricultural sreychanthy@gmail.com
Chanthy economist
8. | Dr Chhay Ty CelAgrid Director chhayty@celagrid.org
9. | Dr Dulce ACIAR Regional Dulce.Simmanivong@aciar.gov.au
Simmanivong Manager,
East Asia
10| Dr Clemens M Asian Institute clemens@ait.asia
Grinbuhel of Technology
11| Dr Thilak School of Principal t.mallawaarachchi@ug.edu.au
Mallawaarachchi | Economics, Research
University of Fellow
Queensland
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No. Name Affiliation Position Contact/Email
12| Dr lean Russell FAO-Cambodia | Senior Policy | lean.Russell@fao.org
Advisor
(FIRST
Programme)
13| Mr. Christopher Auricht Project, | Director chris@auricht.com
Auricht South Australia
14| Dr Bob Martin Agricultural Director bob.martin4782@agmail.com
Systems
Research
Cambodia
15| Dr Vongpong Policy Deputy v.manivong@gmail.com
Manivong Research Director
Centre/NAFRI
16| Dr Nguyen Duc Department of Senior kiennd28@gmail.com
Kien Agricultural Lecturer
Economics and
Agribusiness,
Hue University,
Vietnam
17, Ms. May CAVAC Intervention MaySokhour@cavackh.org
Sokhour Manager
18 Mr. Ear Sothy CAVAC Intervention EarSothy@cavackh.org
Manager
19| Mr. Sim CDRI Research simsokcheng@cdri.org.kh
Sokcheng Fellow
20| Dr Van Touch Sydney Postdoctoral | van.touch@sydney.edu.au
Institute of Fellow
Agriculture, The
University of
Sydney
21 Mr. Mey Veata Hellen Keller Agricultural Mveata@hki.org
International Coordinator
22| Mr. Heng Bunny | DAE/MAFF Senior Officer | hengbunny2013@gmail.com
23| Mr. Sun Try DAE/MAFF Vice Chief of | suntry2005@yahoo.com
FSE
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8.5 Appendix 5: Spatial Data Sets collated and used in the FS
identification, delineation and characterisation

Data Reference | Key attributes | Source
year
set
Administration | 2014 Administration | OpenDevelopment Cambodia
boundary i https://opendevelopmentcambodia.net/dataset/?id
commune, = — - - -
district =administrative-boundaries-of-cambodia-
rovinc,:e 2014&search _query=P3M9Y29tbXVuZSZ0eXBIP
P WRhdGFzZXOmcGFnZTOw
AEZ Unknown AEZ by Unknown i presume CARDI
province
Hydrobasins 2011 Major OpenDevelopment Cambodia
Eyd_rologlcal https://opendevelopmentcambodia.net/dataset/?id
asins - - -
=hydro-basins-level-6-greater-mekong-subregion-
laos-myanmar-thailand-vietnam-
cambodia&search query=P3R5cGU9ZGFOYXNId
CZzPWJhc2lucyZ0YXhvbm9teT1hbGwmbWV0Y
WRhdAGFfY3JIYXRIZD1hbGwmdHIwZT1kYXRhc2
VO0JnNvenRpbmc9c2NvemU=
Climate 2010 Climate OpenDevelopment Cambodia
Change change . https://opendevelopmentcambodia.net/dataset/?id
vulnerability - P —
index =map_vulnerability index&search _query=P3R5c
GU9ZGFOYXNIdCZzPWNsaW 1hdGUrY2hhbmdlJ
nNRheG9ub215PWFsbCZtZXRhZGF0YV9jicmVhd
GVKPWFEsbCZ0eXBIPWRhdGFzZX0QOmc29ydGluZ
z1zY29yZQ==
Commune 2011 Excerpts from | OpenDevelopment Cambodia
Database tsrggtir;iiiggnal https://opendevelopmentcambodia.net/dataset/?id
database. =commune-database-of-cambodia-commune-
Includes level-
uantitative 2011&search query=P3R5cGU9ZGFOYXNIdCZz
gata about PWNvbW11bmUmdGF4b25vbXk9YWxsIm1ldGFE
size in terms KYXRhX2NyZWF0ZWQ9YWxsJNnR5cGU9ZGFOY
of land area XNIdCZzb3J0aW5nPXNjb3JI
and

family/househ
old indicators
(rice land,
electricity,crop
yields,
livestock) for
each
commune in
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https://opendevelopmentcambodia.net/dataset/?id=hydro-basins-level-6-greater-mekong-subregion-laos-myanmar-thailand-vietnam-cambodia&search_query=P3R5cGU9ZGF0YXNldCZzPWJhc2lucyZ0YXhvbm9teT1hbGwmbWV0YWRhdGFfY3JlYXRlZD1hbGwmdHlwZT1kYXRhc2V0JnNvcnRpbmc9c2NvcmU
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https://opendevelopmentcambodia.net/dataset/?id=hydro-basins-level-6-greater-mekong-subregion-laos-myanmar-thailand-vietnam-cambodia&search_query=P3R5cGU9ZGF0YXNldCZzPWJhc2lucyZ0YXhvbm9teT1hbGwmbWV0YWRhdGFfY3JlYXRlZD1hbGwmdHlwZT1kYXRhc2V0JnNvcnRpbmc9c2NvcmU
https://opendevelopmentcambodia.net/dataset/?id=hydro-basins-level-6-greater-mekong-subregion-laos-myanmar-thailand-vietnam-cambodia&search_query=P3R5cGU9ZGF0YXNldCZzPWJhc2lucyZ0YXhvbm9teT1hbGwmbWV0YWRhdGFfY3JlYXRlZD1hbGwmdHlwZT1kYXRhc2V0JnNvcnRpbmc9c2NvcmU
https://opendevelopmentcambodia.net/dataset/?id=hydro-basins-level-6-greater-mekong-subregion-laos-myanmar-thailand-vietnam-cambodia&search_query=P3R5cGU9ZGF0YXNldCZzPWJhc2lucyZ0YXhvbm9teT1hbGwmbWV0YWRhdGFfY3JlYXRlZD1hbGwmdHlwZT1kYXRhc2V0JnNvcnRpbmc9c2NvcmU
https://opendevelopmentcambodia.net/dataset/?id=hydro-basins-level-6-greater-mekong-subregion-laos-myanmar-thailand-vietnam-cambodia&search_query=P3R5cGU9ZGF0YXNldCZzPWJhc2lucyZ0YXhvbm9teT1hbGwmbWV0YWRhdGFfY3JlYXRlZD1hbGwmdHlwZT1kYXRhc2V0JnNvcnRpbmc9c2NvcmU
https://opendevelopmentcambodia.net/dataset/?id=hydro-basins-level-6-greater-mekong-subregion-laos-myanmar-thailand-vietnam-cambodia&search_query=P3R5cGU9ZGF0YXNldCZzPWJhc2lucyZ0YXhvbm9teT1hbGwmbWV0YWRhdGFfY3JlYXRlZD1hbGwmdHlwZT1kYXRhc2V0JnNvcnRpbmc9c2NvcmU
https://opendevelopmentcambodia.net/dataset/?id=map_vulnerability_index&search_query=P3R5cGU9ZGF0YXNldCZzPWNsaW1hdGUrY2hhbmdlJnRheG9ub215PWFsbCZtZXRhZGF0YV9jcmVhdGVkPWFsbCZ0eXBlPWRhdGFzZXQmc29ydGluZz1zY29yZQ
https://opendevelopmentcambodia.net/dataset/?id=map_vulnerability_index&search_query=P3R5cGU9ZGF0YXNldCZzPWNsaW1hdGUrY2hhbmdlJnRheG9ub215PWFsbCZtZXRhZGF0YV9jcmVhdGVkPWFsbCZ0eXBlPWRhdGFzZXQmc29ydGluZz1zY29yZQ
https://opendevelopmentcambodia.net/dataset/?id=map_vulnerability_index&search_query=P3R5cGU9ZGF0YXNldCZzPWNsaW1hdGUrY2hhbmdlJnRheG9ub215PWFsbCZtZXRhZGF0YV9jcmVhdGVkPWFsbCZ0eXBlPWRhdGFzZXQmc29ydGluZz1zY29yZQ
https://opendevelopmentcambodia.net/dataset/?id=map_vulnerability_index&search_query=P3R5cGU9ZGF0YXNldCZzPWNsaW1hdGUrY2hhbmdlJnRheG9ub215PWFsbCZtZXRhZGF0YV9jcmVhdGVkPWFsbCZ0eXBlPWRhdGFzZXQmc29ydGluZz1zY29yZQ
https://opendevelopmentcambodia.net/dataset/?id=map_vulnerability_index&search_query=P3R5cGU9ZGF0YXNldCZzPWNsaW1hdGUrY2hhbmdlJnRheG9ub215PWFsbCZtZXRhZGF0YV9jcmVhdGVkPWFsbCZ0eXBlPWRhdGFzZXQmc29ydGluZz1zY29yZQ
https://opendevelopmentcambodia.net/dataset/?id=map_vulnerability_index&search_query=P3R5cGU9ZGF0YXNldCZzPWNsaW1hdGUrY2hhbmdlJnRheG9ub215PWFsbCZtZXRhZGF0YV9jcmVhdGVkPWFsbCZ0eXBlPWRhdGFzZXQmc29ydGluZz1zY29yZQ
https://opendevelopmentcambodia.net/dataset/?id=commune-database-of-cambodia-commune-level-2011&search_query=P3R5cGU9ZGF0YXNldCZzPWNvbW11bmUmdGF4b25vbXk9YWxsJm1ldGFkYXRhX2NyZWF0ZWQ9YWxsJnR5cGU9ZGF0YXNldCZzb3J0aW5nPXNjb3Jl
https://opendevelopmentcambodia.net/dataset/?id=commune-database-of-cambodia-commune-level-2011&search_query=P3R5cGU9ZGF0YXNldCZzPWNvbW11bmUmdGF4b25vbXk9YWxsJm1ldGFkYXRhX2NyZWF0ZWQ9YWxsJnR5cGU9ZGF0YXNldCZzb3J0aW5nPXNjb3Jl
https://opendevelopmentcambodia.net/dataset/?id=commune-database-of-cambodia-commune-level-2011&search_query=P3R5cGU9ZGF0YXNldCZzPWNvbW11bmUmdGF4b25vbXk9YWxsJm1ldGFkYXRhX2NyZWF0ZWQ9YWxsJnR5cGU9ZGF0YXNldCZzb3J0aW5nPXNjb3Jl
https://opendevelopmentcambodia.net/dataset/?id=commune-database-of-cambodia-commune-level-2011&search_query=P3R5cGU9ZGF0YXNldCZzPWNvbW11bmUmdGF4b25vbXk9YWxsJm1ldGFkYXRhX2NyZWF0ZWQ9YWxsJnR5cGU9ZGF0YXNldCZzb3J0aW5nPXNjb3Jl
https://opendevelopmentcambodia.net/dataset/?id=commune-database-of-cambodia-commune-level-2011&search_query=P3R5cGU9ZGF0YXNldCZzPWNvbW11bmUmdGF4b25vbXk9YWxsJm1ldGFkYXRhX2NyZWF0ZWQ9YWxsJnR5cGU9ZGF0YXNldCZzb3J0aW5nPXNjb3Jl
https://opendevelopmentcambodia.net/dataset/?id=commune-database-of-cambodia-commune-level-2011&search_query=P3R5cGU9ZGF0YXNldCZzPWNvbW11bmUmdGF4b25vbXk9YWxsJm1ldGFkYXRhX2NyZWF0ZWQ9YWxsJnR5cGU9ZGF0YXNldCZzb3J0aW5nPXNjb3Jl
https://opendevelopmentcambodia.net/dataset/?id=commune-database-of-cambodia-commune-level-2011&search_query=P3R5cGU9ZGF0YXNldCZzPWNvbW11bmUmdGF4b25vbXk9YWxsJm1ldGFkYXRhX2NyZWF0ZWQ9YWxsJnR5cGU9ZGF0YXNldCZzb3J0aW5nPXNjb3Jl
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Cambodia as
well as
agricultural
and livestock
production.

Elevation 2013 Elevation OpenDevelopment Cambodia
https://opendevelopmentcambodia.net/dataset/?id
=geographical-relief-of-
cambodia&search query=P3R5cGU9YWxsJnM9
ZWxIldmF0awW9uJnRheG9ub215PWFsbCZtZXRh
ZGFOYV9icmVhdGVKPWFsbCZ0eXBIPWFsbCZz
b3J0aW5nPXNjb3JI

Erosion Risk 2015 Subjective risk | OpenDevelopment Cambodia

of erosion https://opendevelopmentcambodia.net/dataset/?id
=erosion-
risk&search _query=P3R5cGU9YWxsJnM9ZXJvc
2lvbiZ0YXhvbm9teT1hbGwmbWVOYWRhAGFfY3
JIYXRIZD1hbGwmdHIwZT1hbGwmc29ydGluZzlz
Y29yZQ==
Fish 2011 Fish OpenDevelopment Cambodia
Dependency dependency - https://opendevelopmentcambodia.net/dataset/?id
communal - . -
statistic of fish =map_fish dependency&search querv-PSRSgG
dependenc U9ZGFOYXNIdCZzPWZpc2grZGVwZW5kZW5jeS
rat'g . Y| ZoYXhvbm9teT1hbGwmbWVOYWRhdGFfY3JIYX
Cambodia SIZDlhwam029vdGIuZzle29vZSZWYWdIPTA

Geology Unknown Geology Sourceforge
https://sourceforge.net/projects/cambodiangis/files
[

Landuse 2010 Landuse JICA / Sourceforge
https://sourceforge.net/projects/cambodiangis/files
[

Economic 1996-2014 | list of ELCs in OpenDevelopment Cambodia

Land Cambodia with . .

. ?

Concessions contract dates https://opendevelopmentcambodia.net/dataset/?id

starting from
1996 to 2014.
The list was
updated in
February 2016
to included
adjustments to
ELCs

=economiclandconcessions&search _guery=P3R5
cGU9ZGFOYXNIdCZzPWNvbmNIc3Npb25zJnRh
eG9ub215PWFsbCZtZXRhZGF0YV9icmVhdGVk
PWFsbhCZ0eXBIPWRhdGFzZX0Qmc29ydGluZz1z

Y29yZ0Q==
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https://opendevelopmentcambodia.net/dataset/?id=geographical-relief-of-cambodia&search_query=P3R5cGU9YWxsJnM9ZWxldmF0aW9uJnRheG9ub215PWFsbCZtZXRhZGF0YV9jcmVhdGVkPWFsbCZ0eXBlPWFsbCZzb3J0aW5nPXNjb3Jl
https://opendevelopmentcambodia.net/dataset/?id=geographical-relief-of-cambodia&search_query=P3R5cGU9YWxsJnM9ZWxldmF0aW9uJnRheG9ub215PWFsbCZtZXRhZGF0YV9jcmVhdGVkPWFsbCZ0eXBlPWFsbCZzb3J0aW5nPXNjb3Jl
https://opendevelopmentcambodia.net/dataset/?id=geographical-relief-of-cambodia&search_query=P3R5cGU9YWxsJnM9ZWxldmF0aW9uJnRheG9ub215PWFsbCZtZXRhZGF0YV9jcmVhdGVkPWFsbCZ0eXBlPWFsbCZzb3J0aW5nPXNjb3Jl
https://opendevelopmentcambodia.net/dataset/?id=geographical-relief-of-cambodia&search_query=P3R5cGU9YWxsJnM9ZWxldmF0aW9uJnRheG9ub215PWFsbCZtZXRhZGF0YV9jcmVhdGVkPWFsbCZ0eXBlPWFsbCZzb3J0aW5nPXNjb3Jl
https://opendevelopmentcambodia.net/dataset/?id=geographical-relief-of-cambodia&search_query=P3R5cGU9YWxsJnM9ZWxldmF0aW9uJnRheG9ub215PWFsbCZtZXRhZGF0YV9jcmVhdGVkPWFsbCZ0eXBlPWFsbCZzb3J0aW5nPXNjb3Jl
https://opendevelopmentcambodia.net/dataset/?id=erosion-risk&search_query=P3R5cGU9YWxsJnM9ZXJvc2lvbiZ0YXhvbm9teT1hbGwmbWV0YWRhdGFfY3JlYXRlZD1hbGwmdHlwZT1hbGwmc29ydGluZz1zY29yZQ
https://opendevelopmentcambodia.net/dataset/?id=erosion-risk&search_query=P3R5cGU9YWxsJnM9ZXJvc2lvbiZ0YXhvbm9teT1hbGwmbWV0YWRhdGFfY3JlYXRlZD1hbGwmdHlwZT1hbGwmc29ydGluZz1zY29yZQ
https://opendevelopmentcambodia.net/dataset/?id=erosion-risk&search_query=P3R5cGU9YWxsJnM9ZXJvc2lvbiZ0YXhvbm9teT1hbGwmbWV0YWRhdGFfY3JlYXRlZD1hbGwmdHlwZT1hbGwmc29ydGluZz1zY29yZQ
https://opendevelopmentcambodia.net/dataset/?id=erosion-risk&search_query=P3R5cGU9YWxsJnM9ZXJvc2lvbiZ0YXhvbm9teT1hbGwmbWV0YWRhdGFfY3JlYXRlZD1hbGwmdHlwZT1hbGwmc29ydGluZz1zY29yZQ
https://opendevelopmentcambodia.net/dataset/?id=erosion-risk&search_query=P3R5cGU9YWxsJnM9ZXJvc2lvbiZ0YXhvbm9teT1hbGwmbWV0YWRhdGFfY3JlYXRlZD1hbGwmdHlwZT1hbGwmc29ydGluZz1zY29yZQ
https://opendevelopmentcambodia.net/dataset/?id=erosion-risk&search_query=P3R5cGU9YWxsJnM9ZXJvc2lvbiZ0YXhvbm9teT1hbGwmbWV0YWRhdGFfY3JlYXRlZD1hbGwmdHlwZT1hbGwmc29ydGluZz1zY29yZQ
https://opendevelopmentcambodia.net/dataset/?id=map_fish_dependency&search_query=P3R5cGU9ZGF0YXNldCZzPWZpc2grZGVwZW5kZW5jeSZ0YXhvbm9teT1hbGwmbWV0YWRhdGFfY3JlYXRlZD1hbGwmc29ydGluZz1zY29yZSZwYWdlPTA
https://opendevelopmentcambodia.net/dataset/?id=map_fish_dependency&search_query=P3R5cGU9ZGF0YXNldCZzPWZpc2grZGVwZW5kZW5jeSZ0YXhvbm9teT1hbGwmbWV0YWRhdGFfY3JlYXRlZD1hbGwmc29ydGluZz1zY29yZSZwYWdlPTA
https://opendevelopmentcambodia.net/dataset/?id=map_fish_dependency&search_query=P3R5cGU9ZGF0YXNldCZzPWZpc2grZGVwZW5kZW5jeSZ0YXhvbm9teT1hbGwmbWV0YWRhdGFfY3JlYXRlZD1hbGwmc29ydGluZz1zY29yZSZwYWdlPTA
https://opendevelopmentcambodia.net/dataset/?id=map_fish_dependency&search_query=P3R5cGU9ZGF0YXNldCZzPWZpc2grZGVwZW5kZW5jeSZ0YXhvbm9teT1hbGwmbWV0YWRhdGFfY3JlYXRlZD1hbGwmc29ydGluZz1zY29yZSZwYWdlPTA
https://opendevelopmentcambodia.net/dataset/?id=map_fish_dependency&search_query=P3R5cGU9ZGF0YXNldCZzPWZpc2grZGVwZW5kZW5jeSZ0YXhvbm9teT1hbGwmbWV0YWRhdGFfY3JlYXRlZD1hbGwmc29ydGluZz1zY29yZSZwYWdlPTA
https://opendevelopmentcambodia.net/dataset/?id=map_fish_dependency&search_query=P3R5cGU9ZGF0YXNldCZzPWZpc2grZGVwZW5kZW5jeSZ0YXhvbm9teT1hbGwmbWV0YWRhdGFfY3JlYXRlZD1hbGwmc29ydGluZz1zY29yZSZwYWdlPTA
https://sourceforge.net/projects/cambodiangis/files/
https://sourceforge.net/projects/cambodiangis/files/
https://sourceforge.net/projects/cambodiangis/files/
https://sourceforge.net/projects/cambodiangis/files/
https://opendevelopmentcambodia.net/dataset/?id=economiclandconcessions&search_query=P3R5cGU9ZGF0YXNldCZzPWNvbmNlc3Npb25zJnRheG9ub215PWFsbCZtZXRhZGF0YV9jcmVhdGVkPWFsbCZ0eXBlPWRhdGFzZXQmc29ydGluZz1zY29yZQ
https://opendevelopmentcambodia.net/dataset/?id=economiclandconcessions&search_query=P3R5cGU9ZGF0YXNldCZzPWNvbmNlc3Npb25zJnRheG9ub215PWFsbCZtZXRhZGF0YV9jcmVhdGVkPWFsbCZ0eXBlPWRhdGFzZXQmc29ydGluZz1zY29yZQ
https://opendevelopmentcambodia.net/dataset/?id=economiclandconcessions&search_query=P3R5cGU9ZGF0YXNldCZzPWNvbmNlc3Npb25zJnRheG9ub215PWFsbCZtZXRhZGF0YV9jcmVhdGVkPWFsbCZ0eXBlPWRhdGFzZXQmc29ydGluZz1zY29yZQ
https://opendevelopmentcambodia.net/dataset/?id=economiclandconcessions&search_query=P3R5cGU9ZGF0YXNldCZzPWNvbmNlc3Npb25zJnRheG9ub215PWFsbCZtZXRhZGF0YV9jcmVhdGVkPWFsbCZ0eXBlPWRhdGFzZXQmc29ydGluZz1zY29yZQ
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contracts as a
result of the
Directive 01,
starting in
2012, such as
land cuts and
cancellation of
licenses.
Mining 1995-2014 | Data for OpenDevelopment Cambodia
Licenses Ir_nlnlng . https://opendevelopmentcambodia.net/dataset/?id
icenses in ST - -
Cambodia =mining-license-in-cambodia-1995-2014-type-
from 1995 to dataset&search _query=P3R5cGU9ZGFOYXNIdC
2014 ZzPW 1pbmluZyZ0YXhvbm9teT1hbGwmbWVO0OY
’ WRhdAGFfY3JIYXRIZD1hbGwmdHIwZT1kYXRhc2
VO0JnNvcnRpbmc9c2NvemU=
Population and | 2015 Total OpenDevelopment Cambodia
Poverty Footgﬂ!:'mr’ https://opendevelopmentcambodia.net/dataset/?id
and pov er)t/ =cambodian-population-and-poverty-rate-
rate ?n y 2015&search _query=P3M9cG927XJ0eSZ0eXBIP
Cambodia in WRhdAGFzZXOmcGFnZTOw
2015
Protected Unknown Protected https://geoserver.opendevelopmentmekong.net/ge
Areas areas oserver/Environment_and natural _resources/ows
?service=WFS&version=1.0.0&request=GetFeatu
re&typeName=Environment_and natural _resourc
es:Protected areas&outputFormat=SHAPE-ZIP
Rainfall 1981-2016 | Rainfall CHIRPS
ftp://ftp.chg.ucsb.edu/pub/org/chg/products/CHIR
PS-2.0/global_annualltifs/
Road, Rail and | 2011? Road, rail and | OpenDevelopment Cambodia
Market Density market density https://opendevelopmentcambodia.net/dataset/?id
=map-road-railway-network-market-
density&search query=P3M9cm9hZCZ0eXBIPW
RhdGFzZXOmcGFnZT0Ow
Slope 2007 Slope Greater Mekong Subregion Information Portal and
Environment Operations Center (www.gms-
eoc.org) based on Version 4.1 of NASA's Shuittle
Radar Topographic Mission (SRTM) elevation
dataset
Soil Fertility 20037 Soil Fertility OpenDevelopment Cambodia

https://opendevelopmentcambodia.net/dataset/?id
=map-soil-fertility-map-
2003&search _query=P3R5cGU9ZGFOYXNIdCZz
PXNvaWwmdGF4b25vbXk9YWxsIJm1ldGFKYXR
hX2NyZWF0ZWQ9YWxsJnR5cGU9ZGFOYXNIdC
Zzb3J0aW5nPXNjb3JI
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ftp://ftp.chg.ucsb.edu/pub/org/chg/products/CHIRPS-2.0/global_annual/tifs/
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Soil Type

Soil Type

OpenDevelopment Cambodia

https://opendevelopmentcambodia.net/dataset/?id
=soils-types-of-

cambodia&search query=P3R5cGU9ZGFOYXNId
CZzPXNvaWwmdGF4b25vbXk9YWxsIJm1ldGFKY
XRhX2NyZWF0ZWQ9YWxsJNnR5cGU9ZGFOYXN
IdCZzb3J0aW5nPXNjb3JI

Note: These data were taken on face value as the available resources did not provide sufficient time

for scrutiny
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8.6 Appendix 6: A blueprint for sustainable upland cropping
practices in North-western Cambodia

Bob Martin?, Van Touch?, Stephanie Montgomery?, Fiona Scott® and Fran Cowley?

Faculty of Science, Sydney Institute of Agriculture, School of Life and Environmental
Sciences, The University of Sydney, Sydney, NSW 2006, Australia

2School of Environmental and Rural Science, University of New England, Armidale, NSW

2351, Australia

STamworth Agricultural Institute, New South Wales Department of Primary Industries,

Tamworth, NSW 2340

Abstract

Figure
constraint for maize production in NW
Cambodia

This paper presents the findings of
research conducted in NW Cambodia
from 2012-2016.2 The project was
supplemented by two PhD studies: Touch
(2016) and Montgomery (2017). The
traditional practice of excessive burning
and ploughing has reduced soil fertility
and increased soil erosion, leading to

3 Australian Centre for International Research
(ACIAR) project ASEM/2010/049
http://aciar.gov.au/project/asem/2010/049

declining crop yields and incomes for
smallholder farmers. The project used the
principles of Conservation Agriculture to
reduce soil disturbance, maintain crop
residues on the soil surface, and diversify
crop rotations for sustainable soil
management and reduction of climate
risks.

It is recommended that the response to
climate change should include adaptive
cropping strategies such as alternative
crop species and varieties, changed
sowing dates, and changed agronomic
practices. Farmers still plant their first
crops at a risky time (Februaryi March).
This study suggests that farmers do not
have an effective strategy to adapt to the
increasingly drier and hotter climate in the
late dry season. Farmers should be
encouraged to delay sowing until the end
of May, when rainfall is more reliable and
temperatures begin to cool.

Whole-farm economic analysis was used
to analyse the resource use, production
and financial impacts of varying strategies
and enterprise mix and their sensitivity to
climate, soil, management and farm
design variables. Farmer-practice maize
was found to be not profitable after 10
years of cropping whereas profitability can
be maintained with sustainable practices.
At prices below $50/t for fresh tuber,
neither farmer-practice nor best-practice
cassava is economically viable. The net
profit for a best-practice soybean-maize
rotation returned an annual net farm
operating profit of $8,210 for a 5 ha farm.
With an incremental transition to durian,
the total profit for a 5-hectare farm
increased from $2,640 in the 1% year to
$14,226 in the 10" year.
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Key findings demonstrating that farmers, with

: average Yyields of 3-4 t/ha, are only
1. As a result of climate change, the . 0 .
regiondés wet season i Sreiﬁ)ﬁ'ﬁg 8307 8f felygl o yeld
and ending later and the bimodal po :

rainfall distribution has strengthened 7. A 4 tha maize crop produces

resulting in more extreme events of
drought and flood during the wet
season.

. Climate and crop simulation modelling,
validated by field trials, confirmed that
the current practice of planting the first
crop in the late dry season
(February/March) had failure rates of
up to 60%. The study suggested that
farmers could grow two crops per year
with <1% chance of crop failure when
the first crop is planted in May and the
second in September. Soil fertility
depletion was also a critical factor
limiting crop profitability where crops
were planted at the safer times.

. The response to climate change should
include adaptive cropping strategies
such as alternative crop species and
varieties, changed sowing dates, and
changed agronomic practices. This
study suggests that farmers do not
have an effective strategy to adapt to
the increasingly drier and hotter climate
in the late dry season.

. While farmers are aware of some
options to modify practices to minimise
risk and cope with anticipated changes
in climate, they are reluctant to apply
these practices which include: fertiliser
application, crop rotation especially
with legumes, retaining crop residues,
minimising cultivation, adjusting sowing
dates, changing crop species and using
better quality seed.

. Farmers depend on each other and
other actors in the immediate supply
chain for information to support their
decision-making. The study identified a
lack of knowledge of important areas of
conservation agriculture, and an urgent
need for informed agricultural extension
services in the region to assist farmers
to develop the capacity to adapt to
climate change.

. Maize yields of 8 to 10 t/ha were
consistently achieved in on-farm trials,

approximately 5 t/ha of crop residue
(stover). Retention of stover as a soil
surface mulch can double maize yields
from 3.5to 7.0 t/ha.

8. The research highlighted the potential

for alternative crop species such as
soybean, mungbean and peanut to
contribute greatly to farming
sustainably in the region. Biological
nitrogen fixation by legumes will be
critical to maintain a sustainable
cropping system in rotation with maize
or cassava.

9. An Integrated Analysis Tool (IAT) was

used to analyse the resource use,
production and financial impacts of
varying strategies and enterprise mix
and their sensitivity to climate, soil,
management and farm design variables
at the whole-farm level.

a. Farmer-practice maize was found to
be not profitable after 10 years of
cropping whereas profitability can be
maintained with sustainable
practices.

b. At prices below $50/t for fresh tuber,
neither farmer-practice nor best-
practice cassava is economically
viable.

c. The modelled average annual net
profit for a best-practice soybean-
maize rotation returned an annual
average of $8,210 net farm
operating profit for a 5-ha farm.

d. A combined cropping and durian
fruit tree scenario returned an
annual average of $11,840 net farm
operating profit. With an incremental
transition to durian, the total profit for
a b5-hectare farm increased from
$2,640 in the 1% year to $14,226 in
the 10" year.

e. Durian is a more profitable and
sustainable enterprise compared to
annual cropping in the region.
However, most smallholders might
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have difficulty in transitioning to
durian because of the high initial
cost of establishing the orchard and
the delay of four years before the
orchard begins production.

Upland crop production in Cambodia

Figure 2. Forest clearing in NW Cambodia
since 1993

The area of upland cropping in Cambodia
was 550,000 ha in 20144 but this is likely
to increase with on-going forest clearing in
northern Cambodia. FAOSTAT data show
that expansion of upland cropping
increased sharply after a surge of forest
clearing at the end of the Khmer Rouge
civil war in 1998 (Figure 2).
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Figure 3. Trends in area of upland crops
(cassava, maize, soybean) in Cambodia

The area of upland crops (cassava,
maize, soybean) was around 80,000 ha in
1998. After clearing of the forest, the area
of maize increased rapidly until 2009 but
began to decline as yields declined and
the area of cassava then rapidly expanded
(Figure 3). The area of soybean remained
fairly stable. The principles of
Conservation Agriculture: reduced soil
disturbance; crop residue retention and

4 http://lwww.fao.org/faostat/en/#data/QC

sustainable rotations will be required to
restore and maintain production in upland
areas cleared since 1993.
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Figure 4. Five-year moving average yields
for cassava, maize and rice relative to the
moving average with 1995 as the base
(FAO, 2017)

Upland cropping expanded into freshly
cleared fertile forest soils after the end of
the Khmer Rouge civil war and this is
largely responsible for the greater yield
increases for cassava and maize
compared to rice (Figure 4). The
expansion of rice production was at a
smaller rate and generally not onto freshly
cleared forest soils.

Labour supply and mechanisation
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Figure 5. Loss of labour from the rural
workforce has led to an increase in use of
agricultural machinery (Chhim et al., 2015)

Cambodia, together with Lao PDR and
Myanmar currently have the highest GDP
growth in South-East Asia. However,
agricultural GDP growth in Cambodia has
lagged behind the industrial and service
sectors. A resultant steady and consistent
decline in the availability of agricultural
labour has prompted Cambodian farm
households to respond to the challenge by
looking for substitutes for farm labour to
maintain production at economically viable
levels. This has resulted in the following
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trends in the rice-based system (see also
Figure 5):

9 Draught animals have been largely
replaced by tractors for land
preparation;

1 Transplanted rice has been replaced by
hand-broadcast direct seeding;

1 Herbicides are now used by the
majority of farmers to replace hand-
weeding;

1 Combine harvesters have largely
replaced hand-harvesting.

Chhim et al. (2015) found that increased
off-farm employment has had a
statistically significant positive effect on
the rate of investment in agricultural
machinery in Cambodia. Households with
members working off-farm are more likely
to invest in agricultural machinery as a
direct substitute for labour. The increase
in the number of 2-wheel tractors and
combine harvesters are indicators of the
rapid rate of mechanisation (Figure 5).

Climate variability and climate change

Figure 6. Cattle grazing a drought stressed
maize crop

Cambodia is a tropical country lying
between Latitudes 10 and 15°N. The
climate is affected by the South East Asia
Monsoon, characterised by distinct wet

and dry seasons (Chhinh and Millington,
2015). Cambodia has an average annual
rainfall of around 1,400 mm over the
central lowland regions and could be up to
5,000 mm in some coastal regions (CINC,
2002). Temperature is relatively uniform
across Cambodia with the mean
temperature during the hottest months
ranging between 26 and 30°C and
between 25 and 27°C over the rest of the
year (McSweeny et al., 2008).

As a result of climate change, the wet
season in Cambodia is how beginning
later and ending later and the bimodal
rainfall distribution has strengthened
resulting in more extreme events of
drought and flood during the wet season
(Touch, 2016).
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Figure 7. Above: Past and future rainfall
distribution. Below: Past and future
monthly mean maximum temperature (°C)
temperature scenario for Battambang,
Cambodia

At Battambang Airport, (13°06 6 02 0 N,
130°1 2 6 4 8&he avErage annual rainfall
(1981-2012) was 1,309 mm and for 2013-
2050 it is expected to be 1,370 mm, an
increase of 5% (Touch 2016, Figure 7).

The average monthly maximum

temperature increase (1951-2013 to 2014-
2057) is expected to be 0.84°C but the
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increase is greater in the dry season with
a 1.32°C increase in April (Touch 2016,
Figure 7).

Early Wet Season  Main Wet Season ~ Early Dry Season Late Dry Season
an Maize Fanting option High risk
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!_‘_l

s Rainfall (mm) === Mean monthlytemp. (°C)

Figure 8. The late dry season has become
hotter and drier

Touch (2016) used simulation modelling,
based on downscaled climate change
projections, to examine climate change
impacts on the upland crop production
strategies in the region.

Climate and crop simulation modelling
confirmed that the current practice of
planting the first crop in the late dry
season (February/March) had failure rates
of up to 60%. The study suggested that
farmers could grow two rain-fed wet
season crops per year with <1% chance of
crop failure when the first crop is planted
in May and the second in September. Soil
fertility depletion was also a critical factor
limiting crop profitability where crops were
planted at the safer times.

Crop management options in response to
increased climate variability and climate
change for upland cropping systems
should be linked to reduced tillage and
increased retention of crop residues
(Montgomery et al., 2016). Furthermore,
matching sowing date to rainfall and
stored soil moisture is necessary to
optimise yield and profit (Montgomery et
al., 2017).

The response to climate change is
adaptive cropping strategies such as
alternative crop species and varieties,
changed sowing dates, and changed
agronomic practices. Montgomery et al.
(2017) and Touch (2016) found that
delayed planting dates reduced the risk of
climate-induced failure of upland crops in
north-western Cambodia. In this system,
the second wet season crop is planted in

September-October, or later, and the crop
matures in the dry season.

Farmers perceive climate variability and
change as having potential adverse
impacts on their crop production. While a
majority of farmers take no action in
tackling the effects of climate change,
some have suggested a measure of
adjusting sowing windows. Their modified
sowing times are more about flexibility of
sowing times. However, farmers still plant
their first crops at a risky time (Februaryi
March). This study found that farmers do
not have an effective strategy to adapt to
the increasingly drier and hotter climate in
the late dry season.

Farmer perceptions about rising
temperatures and changing rainfall
patterns were in line with recent trends
and future projections. These variations
and changes in climate were confirmed to
have substantial effects on cropping
productivity.

While farmers are aware of some options
where they could modify their practices,
they are reluctant to apply them. Climate
change adaptation options include:
fertiliser addition; crop rotation especially
with legumes; retaining crop residues;
minimising cultivation; adjusting sowing
dates; changing crop species; and using
better quality seed. These practices will
reduce risk and enable farmers to cope
with anticipated variations and changes in
climate.

Government agricultural extension
services are currently not provided at the
village level, and farmers depend on each
other and other actors in the supply chain
for information to support their decision-
making. The study has identified the lack
of knowledge of the concept of
conservation agriculture, and an urgent
need for agricultural extension services in
the region, to assist farmers to develop
the capacity to adapt to climate change.
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Figure 9. Soil erosion in a cassava crop

Cropping practices in NW Cambodia have
moved away from diversification towards
monoculture maize and cassava. This has
accelerated soil degradation and exposed
crops to greater pressures from weeds,
insect pests and diseases. Adoption of
Conservation Agriculture (FAO, 2017)
would help reverse these trends. The
principles of Conservation Agriculture
(CA) are:

1. Reduced soil disturbance (minimum or
no-tillage);

2. Permanent soil cover (retention of crop
residues and cover crops);

3. Crop diversity (especially legumes to
restore soil fertility).

Permanent soil cover

Farmers commonly burn and/or plough in
crop residues in upland areas in
Cambodia (Brown and Johnstone, 2012)
and soil erosion is excessive.
Consequently, the cumulative effect of soll
fertility decline is fast becoming apparent.
Maize yields of 8 to 10 t/ha have been
achieved from on-farm trials and individual

farmer fields in Samlout and Pailin,
demonstrating that farmers, with yields of
3-4 t/ha, are only realising 40-50% of
actual yield potential.

Figure 10. Crop residues preserve soil
moisture and reduce soil temperature

Figure 11. Effect of maize stover mulch on
yield of maize at: (a) Pailin in LDS 2013 (b)
Pailin and (c¢) Samlout sown in the EDS
2013
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