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2 Executive summary

Climate change is impacting Asia, with shifts in rainfall patterns, changing temperature
regimes and increased climate variability. Since many Asian economies depend heavily
on agriculture they are likely to be more affected by climate change, and this will amplify
food security challenges.

In general terms, adaptation interventions can be categorised into two broad groups.
National and provincial agencies often implement adaptation initiatives primarily based on
national scale climate change vulnerability and impact assessments, while at smaller
scales practical adaptation interventions occur at the community level, often promoted by
NGOs or civil society organisations.

The top-down approach offers strategic insights into sectoral and regional vulnerabilities
but provides little information on the resilience or adaptive capacity of sectors and regions,
or location-specific context to support household or community level adaptation. The
bottom-up approach is constrained by the challenge of scaling household or community
level information for broader impact and hence is not easily replicated or taken into the
policy domain.

The aim of the Adapting to Climate Change in Asia project (ACCA) was to develop multi-
scale adaptation strategies and to demonstrate processes that support policymakers to
deliver more effective climate adaptation programs relevant to smallholder livelihoods and
food security, and to demonstrate options to build the capacity of farming households to
adapt rice-based cropping systems to climate variability and climate change.

To achieve these aims, ACCA addressed the following objectives in four countries — India,
Bangladesh, Cambodia and Lao PDR:

1. Adapt and apply available tools/methods to select and assess adaptation strategies for
rice-based cropping systems

2. Develop capacity in research and extension processes that support the building of
adaptive capacity in rice-based cropping systems

3. Select and evaluate a suite of crop, nutrient and water management adaptation
options suitable for provincial level dissemination

4. Derive and disseminate principles and policy recommendations that will enable a more
effective design and implementation of adaptation programs at multiple scales

In India, the project aimed to address issues of drought risk, lack of climate information to
guide decisions on type and management of crops, rapid rural change with significant
social complexity and perceived agricultural labour constraints. The rainfall visualiser,
weather-based agro-advisories, farmer climate clubs and Climate Information Centres
(CLICs) merged traditional and scientific knowledge of weather, supporting farmers to
make decisions as a season unfolds, while recommendations such as a sowing rule and
strategic irrigation between crops increased efficiency of inputs and reduced perceived
risk.

From an economic perspective, adoption of the project’s recommended soil moisture
sowing rule and strategic irrigation of a rainfed cotton crop would result in a gross margin
gain of between USD 127/ha and USD 389/ha over existing sowing practices. Using the
CLICs as our primary dissemination mechanism, 5% adoption after five years would result
in economic benefits shared by at least 400 households in the study districts of
Telangana.

Significant policy influence was achieved by the project, including creating the reputation
amongst state government and donor agencies of the CLICs as a replicable and locally
beneficial agricultural development entity; endorsement by the Indian Meteorological
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Department of ACCA's integrated approach and adaptive improvement to support
dissemination of IMD information and forecasts through agro-advisories and the CLICs
network.

Encroaching salinity and lack of irrigation are major constraints to agricultural
intensification and adaptation in southwest Bangladesh, while social tensions exist around
community decision making and adoption of some livelihood options (eg shrimp farming)
in the study region of southwest Bangladesh.

Access to existing high quality datasets and a collaborative environment for on-station
trials to generate new high quality data meant that the primary focus in Bangladesh was
the development and validation of the cropping systems model APSIM. While ongoing
farmer engagement, with the intent of developing, evaluating and promoting adaptation
practices was not part of the project plan for Bangladesh, systems modelling and social
research on adaptive capacity and household typologies suggest opportunities to manage
salinity at farmer and polder level. These opportunities and their social and economic
influence are being explored in two new ACIAR-funded projects.

Significant policy influence was achieved, including: ACCA outputs underpinning the
Comprehensive Disaster Management Program’s work in climate adaptation; enhanced
capacity in systems analysis and modelling in Bangladesh and institutional support for
continuing this post-ACCA.

The ‘response farming’ approach to addressing seasonal variability was the foundation of
ACCA's adaptation work in Cambaodia. This approach assumes that there are a number of
options that a farming enterprise can use to make best use of a monsoon period to
produce wet season rice, accounting for variability in rainfall (start, duration and amount of
rain). These include crop duration and variety, crop sequencing (including double
cropping), time of establishment, use of supplementary irrigation, potential for
mechanisation or alternative seeding technologies, and pest and fertiliser application
times and rates.

Focus groups discussions with farmers suggested that preferred practices were direct
seeding, use of short duration rice and double cropping, in response to specific seasonal
conditions. Economic analysis suggests a gross margin gain of between USD 328/ha and
USD 390/ha over farmer practice. Using the dissemination mechanisms established by
the project (iDE’s Farm Business Advisor network, DAE’s training and demonstration
initiatives and PADEE's training and extension activities through SNV, 5% adoption after
five years would result in economic benefits to over 1000 households in the focus
provinces.

Research was complemented by capacity building of farmers and extensionists in
response farming, underpinned by social research to match adaptation options to local
adaptive capacity and household livelihoods. In addition, project influence was achieved
through informing Cambodian climate policy, informing the design of IFAD’s ASPIRE
program, and mainstreaming research results into extension practice through
development of technical report as a framework for extension and training.

In Lao PDR, the key adaptation practice promoted by the project was the use of direct dry
seeding. In addition to reduced exposure to early season drought and terminal drought
stress farmers were attracted mainly by the prospect for reduced costs and labour for
production. Planting with the direct seeder is much faster than traditional transplanting
methods (one farmer can transplant one hectare in the same time it takes 20 people to
transplant using traditional methods).

From an economic perspective, analysis suggests that the gross margin gain of direct
seeded rice (that is well managed for weeds) over transplanted rice is USD 150/ha. Using
the dissemination mechanisms established by the project (PAFO Savannakhet extension,
NAFRI and DAEC training and SNV and IFAD training initiatives), 5% adoption after five
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years would result in economic benefits to over 1200 households in the two study districts
of Outhoumphone and Champhone.

Broader project influence was noted in: expansion of the NAFRI response strategy for
climate change through provision of tools, approaches and policy-specific information to
understand, monitor and respond to climate events; development of the content and
delivery of climate-related extension to include practical training in monitoring and
understanding changes in climate; and responding to policy interest in direct seeding by
providing a framework for better understanding the benefits and drivers for adoption.

The ACCA network of project teams achieved significant research, community and
institutional advances throughout the project, and a range of indicators are outlined for
impact and sustainability.

Key operational learnings include:

e Creating an integrated, jointly owned research framework in the early stages of the
project is critical for interdisciplinarity.

o Detailed planning and review underpin sound project management, team integration
and clarity of institutional and individual roles and expectations.

o Participation and engagement by community and policy stakeholders supports
relevance, validation, alignment and sustainability of project outcomes.

e Investing in partnerships within and between project teams and disciplines is an
investment in project outcomes, individual development and ongoing collaborations.

e Setting clear aspirations for scaling and sustainability of project outcomes is as
important as creating the flexibility to seize opportunities as they arose.

Key research learnings include:

o Self assessments of adaptive capacity reveal recurring indicators across countries,
including health, level of education or knowledge, access to irrigation and livestock
ownership.

¢ Household types and livelihoods analysis identified recurring drivers of change,
including feminisation of agriculture, labour shortages and rapid rural change.

o A common framework (with a livelisystems approach) can be developed to explore
adaptation options, allowing direct comparison between countries.

e APSIM-ORYZA has been comprehensively validated and is performing well in
contrasting Asian rice environments, including the ability to dynamically model salinity
impacts on rice.

e The range of yields resulting from seasonal climate variability is more significant than
under projected climate changes to 2030.

o Adaptation options evaluated in the project are likely to compensate for the detrimental
effects of average climate impacts by 2030. Note that ACCA considered incremental
climate change, and not extreme events and did not consider impacts beyond 2030.

o For greater relevance and uptake, adaptation practices need to address multiple
objectives eg yield, labour and risk reduction.

¢ A toolkit of management options can help farmers and extensionists better manage
climate variability by allowing them to respond flexibly to the progress of a particular
season.

e Developing community capacity to relate weather observations to farming decisions
(eg with rainfall visualisers and agro-advisories) is important and relatively easy to
implement.

¢ Impredicative Loop Analysis, with a livelisystems foundation is a promising policy and
planning tool that integrates social and biophysical aspects of climate adaptation.

e Sustainability polygons are useful visual representations for a range of purposes,
including relative environmental effect, potential for maladaptation, the degree to
which a practice is ‘Climate Smart’ and a measure of adoption risk.
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3 List of abbreviations and acronyms

ACCA
ACCA-SRA
ACRC
AgMIP
AIT
ANGRAU
ANU
ASPIRE
APSIM
AR
AWD
BARC
BARI
BRAC
BRRI
CAF
CARDI
CAVAC
CCAFS
CCAI
CDMP
CEW
CGIAR
CIAT
CLIC
CLUES
CRIDA
CSIRO
CSISA
DAE
DAEC
DAFO
DAS
DDS
DFAT
DMH
DRD
FAO
FBA
FCC
FFS
FGD
GAP

Adaptation to Climate Change in Asia (project acronym)
Shorthand for Small Research Activity LWR-2012-110 (Laos)
Agroclimate Research Centre, in PJITSAU (formerly Agromet Cell)
Agricultural Model Intercomparison and Improvement Project
Asian Institute of Technology

Acharya NG Ranga Agriculture University, now PJTSAU (India)
Australian National University

Agriculture Services Program for Innovation, Resilience & Extension)
Agricultural Production Systems Simulator (cropping systems model)
Annual report

Alternate wetting and drying

Bangladesh Agricultural Research Council

Bangladesh Agricultural Research Institute

Bangladesh Rehabilitation Assistance Committee

Bangladesh Rice Research Institute

Climate Adaptation Flagship (CSIRO)

Cambodian Agricultural Research and Development Institute
Cambodia Agricultural Value Chain Program

CGIAR program on Climate Change, Agriculture & Food Security
Climate Change Adaptation Initiative

Comprehensive Disaster Management Program (Bangladesh)
Community Extension Worker (Cambodia)

Consultative Group on International Agricultural Research
International Center for Tropical Agriculture

Climate Information Centre (India)

IRRI's Climate Change Affecting Land Use in the Mekong Delta project
Central Research Institute for Dryland Agriculture (India)
Commonwealth Scientific and Industrial Research Organisation
Cereal System Initiative for South Asia

Department of Agricultural Extension (Cambodia)

Department of Agricultural Extension & Cooperatives; formerly NAFES (Laos)
District Agriculture and Forestry Office (Laos)

Days after sowing

Dry direct seeding

Australian Government’s Department of Foreign Affairs and Trade
Department of Meteorology and Hydrology (Laos)

Department of Rural Development (India)

Food and Agriculture Organisation

Farm Business Advisor, associated with iDE (Cambodia)

Farmer climate clubs (India)

Farmer Field Schools

Farmer Group Discussion

Good Agricultural Practice
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GCM
GDA
GHG
HH

IAT
ICAR
ICRISAT
iDE
IFAD
ILA

IMD
IRRI
IWMI
IWMP
Kl
LADLF
LMESS
LNRMI
MAF
MAFF
MRC
MGREGA
MS
MTR
NAFES
NAFRI
NARS
NCMRWF
NGO
NOAA
NUOL
ODA
PAB
PADEE
PAFO
PAR
PAWC
PDA
PDR
PJTSAU
RKVY
SAARC
SARCCAB
SERDI
SLP

Global Climate Model

General Directorate of Agriculture (Cambodia)

Greenhouse gases

Household

Integrated Assessment Tool (farming systems model)

Indian Council of Agricultural Research

International Crops Research Institute for the Semi-Arid-Tropics
International Development Enterprises (NGO)

International Fund for Agricultural Development

Impredicative Loop Analysis

Indian Meteorology Department

International Rice Research Institute

International Water Management Institute

Integrated Watershed Management Program (India)

Key Informant Interview

Lao Australia Development and Learning Facility

Linear Mixed Effect Statistical System

Livelihoods and Natural Resource Management Institute (India)
Ministry of Agriculture and Forestry (Laos)

Ministry of Agriculture, Fisheries and Forestry (Cambodia)

Mekong River Commission

Mahatma Gandhi National Rural Employee Guarantee Scheme (India)
Milestone

ACCA’s Mid Term Review, in January 2013

National Agricultural and Forestry Extension Service, now DAEC (Laos)
National Agriculture and Forestry Research Institute (Laos)

National Agricultural Research System

National Centre for Medium Range Weather Forecasting (India)
Non-government organisation

National Oceanic and Atmospheric Administration

National University of Laos

Official Development Assistance

Photosynthetic aquatic biomass

Project for Agriculture Development & Economic Empowerment (Cambodia)
Provincial Agriculture and Forestry Office (Laos)

Participatory Action Research

Plant Available Water Capacity

Provincial Department of Agriculture (Cambodia)

(Lao) People’s Democratic Republic

Prof Jayashankar Telangana State Agricultural University, formerly ANGRAU
Rashtriya Krishi Vikas Yojana — National Agric Development Scheme (India)
South Asian Association for Regional Collaboration

Support to Agricultural Research for Climate Change Adaptation Bangladesh
Socio Economic Research and Development Initiative (Bangladesh)
South Lao Project
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SNV

SRI
SRFSI
SRL
SRMPEP
TOT
UNDP
uQ
WASSAN

Netherlands Development Organisation

System of Rice Intensification

Sustainable and Resilient Farming Systems Initiative

Sustainable Rural Livelihoods framework

Sustainable Natural Resource M'ment & Productivity Enhancement Project
Training of Trainers

United Nations Development Program

University of Queensland

Watershed Support Services and Activities Network (India)
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4 Background

Climate change amplifies the challenge of food security. The impacts of climate change in
Asia include shifts in rainfall patterns, changing temperature regimes and increased
climate variability. Since many Asian countries depend more on agriculture and have less
resilient institutions than the developed world, they will be more threatened by climate
change. The poorest farmers living in vulnerable areas will bear the brunt of the adverse
effects of climate change, especially where policy environments and capacity to respond
are weakest.

In recognition of the above, in 2009, ACIAR established a dedicated Climate Change
Initiative, by implementing two major adaptation projects, one targeting farm level
adaptation options in Cambodia, Lao PDR, Bangladesh and India (the ACCA! project),
and a second project focussing on the Mekong Delta in Vietham (the CLUES project). The
ACCA project was designed as a four country project with a total value of $8.9M, of which
$5.5M were ACIAR funds. The project has 21 partner organisations and engaged three
consultants to support in-country activities.

In general terms, adaptation interventions can be categorised into two broad groups. As
shown in Figure 1, national and provincial entities often implement adaptation initiatives
primarily based on national scale climate change vulnerability and impact assessments.
While this approach provides strategic insights into sectoral and regional vulnerabilities it
offers no information on either the resilience or adaptive capacity of sectors and regions,
or a location-specific context to enable household or community level adaptation.

At smaller scales many practical adaptation interventions occur at the community level,
usually promoted by NGOs or civil society organizations. This small scale approach is
constrained by the difficulty in scaling household or community level information to higher
levels (eg provincial or national) and therefore is not easily replicated or taken into the
policy domain.

Generalised national scale studies

Generalities too non-
specific for regionalf
local action;

case studies too specific
(or non-comparable) to
transfer elsewhere

Complex sets of case studies without generalisation

Figure 1. Tension between national level and local level adaptation studies (adapted from
Howden et al 2010)

This project demonstrates an approach to bridge these two scales. Our approach includes
sufficient complexity at the farming household level to derive credible, locally accepted
adaptation options and then generalise these options and test them against future climate

! Adaptation to Climate Change in Asia
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projections to assess their long term viability and more general transferability to other
areas.

This approach meets demand from government and donor organizations for knowledge to
support the design of future adaptation programs that are better aligned to local realities.
Similarly, there is a widely recognised need by adaptation practitioners (NGOs,
agricultural research and extension service providers, farmers) for tested and robust crop
and water management options that will outperform existing farming practices under
current climatic conditions but that can also be adapted to future climate conditions.

The project commenced in 2010 and is structured as four sub-projects separately
covering Cambodia, Lao PDR, Bangladesh and India, with management and technical
support provided by CSIRO. The project has developed multi-scale adaptation strategies
and demonstrates the processes that enable policymakers to deliver more effective
climate adaptation programs relevant to smallholder livelihoods and food security, and to
demonstrate options to build the capacity of farming households to adapt rice-based
cropping systems to climatic variability.

The collaborating institutions? in Cambodia are the Department of Agricultural Extension
(DAE), the Cambodian Agricultural Research and Development Institute (CARDI), an
NGO, International Development Enterprises Cambodia (iDE Cambodia) and the Svay
Rieng Provincial Department of Agriculture (PDA). Project emphasis was on capacity
building and conducting social research to assess local adaptive capacity, complemented
by targeted testing of adaptation options based on lowland rice-based cropping in Svay
Rieng Province, where there is access to groundwater and some surface irrigation water.

In Lao PDR the collaborating institutions are the National Agriculture and Forestry
Research Institute (NAFRI), the Department of Agricultural Extension and Cooperatives
(DAEC, formerly the National Agriculture and Forestry Extension Service), the National
University of Laos (NUoL), the International Water Management Institute, the Department
of Meteorology and Hydrology (DMH) and the Provincial Agriculture and Forestry Office
(PAFO) in Savannakhet. The focus was on adapting to climate change by improving crop
and water management in lowland rice-based systems of two districts in Savannakhet
Province (one entirely dependent on rainfall, with a high incidence of drought, the other
highly flood prone and with surface water for supplementary irrigation).

The primary focus in Bangladesh was the development and validation of the cropping
systems model APSIM based on data from past and ongoing trials by the International
Rice Research Institute (IRRI) and additional on-station trials in collaboration with
Bangladesh research partners. The main partner in Bangladesh is IRRI, supported by
collaborators from the Bangladesh Agricultural Research Council (BARC), Bangladesh
Agriculture Research Institute (BARI) and the Bangladesh Rice Research Institute (BRRI).
Social research was carried out by the Socio Economic Research and Development
Initiative (SERDI), an independent research organisation.

The primary focus in India was piloting the delivery of weather-based agro-advisories in
Telangana state (formerly Andhra Pradesh) as an entry point to increase local capacity to
manage climate risk and variability and to increase agricultural productivity. The main
project partners are the Agroclimate Research Centre (ACRC) within the Professor
Jayashankar Telangana State Agricultural University (PJTSAU, formerly ANGRAU), the
Livelihoods and Natural Resource Management Institute (LNRMI) and the NGO
Watershed Support Services and Activities Network (WASSAN). Associated collaborators
are the Indian Meteorology Department (IMD) and the National Centre for Medium Range
Weather Forecasting (NCMRWF).

2 A complete list of collaborating institutions and the ACCA team members from each institution is provided in
Section 11.4.
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5 Objectives

1.

4.

To adapt and apply available tools/methods to select and assess adaptation
strategies for rice-based cropping systems

1.1. Assess adaptive capacity and determine farming systems typologies at local and
provincial levels amenable to cropping and water management based adaptation
strategies.

1.2. Review literature, source and assess climate data to develop site specific
understandings of climate variability and to generate locally relevant climate
change projections.

1.3. Develop the capability of APSIM to represent rice-based farming systems.

1.4. Conduct scenario analyses using farmer input (1.1), climate data (1.2) and APSIM
(1.3) to identify crop and water management options adapted to variable seasons
and climate change.

To develop capacity in research and extension processes that support the
building of adaptive capacity in rice-based cropping systems

2.1. Train research partners in project research methodologies.

2.2. Improve farmers’ ability in case study villages to benchmark and self-assess
opportunities for building adaptive capacity.

2.3. Train extensionists and NGO partners to work with farmers in selecting and
testing feasible adaptation response options.

To select and evaluate a suite of crop and water management adaptation
options suitable for provincial level dissemination

3.1. Based on the results of social research (1.1), APSIM scenario analysis (1.4) and
farmer participatory planning (2.2) establish a range of on farm experiments to
evaluate adaptation options.

3.2. Design and conduct farmer engagement processes to generate farmer-truthed
adaptation practices and decision trees to better manage climate variability

3.3. Conduct second series of scenario analyses using APSIM to evaluate additional
adaptation practices and climate risk management decision trees determined in
3.2.

3.4. Synthesis of results into a set of technically, financially, socially and institutionally
feasible adaptation practices and identification of future research needs.

3.5. Outscaling of technologies and knowledge to selected areas beyond immediate
project study sites.

To derive and disseminate principles and policy recommendations that will
enable a more effective design and implementation of adaptation programmes
at multiple scales

4.1. Develop design principles and adaptation strategies to build resilience to
climate change at local, provincial and national scales (upscaling).

4.2. Establish advisory panels or utilise existing policy dialogue platforms to channel
project outputs developed in 4.1 into climate adaptation policy making.
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6 Integration framework and project methodology

Progress in adaptation is predicated on bridging across scales as shown in Figure 1
above. To be effective this bridging needs to be underpinned by an ‘adaptation cycle'
which is based a ‘reflective analysis-action continuum’ that connects science with society
at every step in the process (Meinke et al., 2009).

Accordingly, to make our biophysical and social research more relevant to the process of
adaptation it is necessary to embed research approaches within context-specific,
participatory dialogues that match the highly contextual needs of decision makers for
suitable tools (Meinke et al., 2009). This explicitly requires the research community to
engage all stakeholders; from local farming households to the various levels of
community, provincial and perhaps national policy making.

The ACCA integration framework is built on this premise and is illustrated in Figure 2. It
outlines the flow of individual project activities that generate the outputs and milestones
listed in the output tables in Section 4, and how these outputs relate to project outcomes
and impacts (i.e. the pathways to impact or the ‘theory of change’ of the project). Also
shown are key feedback/iteration loops. We recognise that the immediate sphere of
control the project has, i.e. the generation of outputs, which are further devolved into
primary outputs (mainly achieved in the three years prior to the midterm review (MTR))
and the synthesised outputs (the main focus of work since that review).

Various stakeholder and policy engagement processes are employed to influence key
local and national level policy makers as well as international donor organisations to
achieve outcomes that will facilitate scaling of adaptation practices developed by the
project and that ultimately magnify the community level impacts (refer to Volume 3,
Appendix 1 for details of ACCA’s engagement approach and outcomes).

In the following text we briefly describe the methods underpinning the individual activities.

Our social research (activity 1.1 in Figure 2) has two aims. The first is to relate crop and
water management adaptation options to diverse livelihood strategies. For this a typology
of households was developed in each country, which highlights access to resources,
adaptive capacity and livelihood strategies. Using the household types as a filter, we can
better understand if and how different agricultural adaptation options are relevant, and for
whom. The second aim is to support targeted policy development for adaptation (4.1 in
Figure 2) that is informed by the varied capacities and challenges illustrated by the
household types.

The household typologies were determined using various methods and data sources such
as rapid rural appraisals, detailed household surveys, analysis of secondary data and
focus group discussions. These methods varied according to circumstances in each
country and recognized partner knowledge and research capacities. A more in depth
description of the household typologies approach developed and implemented by the
ACCA project is provided by Williams et al. 2013 and 2015.

To complement the household typologies we conducted a household-based assessment
of adaptive capacity, drawing on the Sustainable Rural Livelihoods framework first
proposed by Scoones (1998) and Ellis (2000). In the community of each case study, a
series of self-assessment workshops were facilitated to elicit information on what were
perceived to be the constraints and enablers of adaptive capacity, as seen through the
lens of individual households. Details on the methods used and how communities scored
their adaptive capacity are being prepared for publication (See section 11.3, Paper 1).
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Figure 2. ACCA integration framework, illustrating how key project outputs relate to activities (numbers in output boxes) and how these activities
flow into outcomes and impacts (‘theory of change’)
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The testing of potential adaptation practices on farm (activity 3.1 in Figure 2)
constituted a second major emphasis of the initial work. Choice of practices was
determined by a variety of factors but strongly influenced by farmers’ preferences
canvassed in focus group discussions and informed through activity 1.1. An overview of
the adaptation options tested in each country through on farm experimentation is provided
in Table 1. The majority of the practices focus on elements of lowland rainfed rice
cropping systems (Bangladesh, Cambodia and Lao PDR), whereas in India, there was a
stronger emphasis on rainfed cotton and maize.

A critical aspect of being able to conduct the on-ground research in activities 1.1 and 3.1
in particular was the need to train project partners in the key social and on farm research
methods early in the project cycle. This was done as part of activities 2.1 and 2.2, through
in-country training workshops, on-the-job training and co-development of methods,
complemented by Crawford-funded training visits to Australia.

Table 1. Summary of adaptation practices tested on farm and evaluated through scenario
analysis using APSIM.

Adaptation practices On farm Scenario
testing analysis
India
Improved planting rules for cotton and maize yes yes
Strategic irrigation in cotton and maize yes yes
Alternate wetting and drying in rice yes yes
Alternate furrow irrigation in cotton and maize yes no
Spreading irrigation water between rice and cotton no yes
Bangladesh
Improved varieties - saline tolerant yes yes
Improved varieties - short duration yes yes
Dry season irrigation using pond or stored canal water yes yes
High value rabi season crops yes yes
Cambodia
Drum and direct seeding of rice yes yes
Rice double cropping yes yes
Improved rice varieties — short duration yes yes
Improved N management and deep placement of urea yes yes
High value dry season irrigated crops (vegetables) yes no
Lao PDR
Drum and direct seeding of rice yes yes
Improved varieties - submergence tolerant yes no
Improved varieties - drought tolerant yes no
Improved N management yes yes
‘Life saving’ irrigation using pond water no yes

Benchmarking of farmer practices against current climate variability and evaluating the
performance of adaptation practices under future climates was carried out through
modelling (activities 1.4 and 3.3 in Figure 2), constituting the third main research
emphasis in the first three years of ACCA. This requires the parameterisation of a suitable
cropping systems model to reflect local soil and crop conditions and farmer management
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practices using on farm data. To confidently reflect cropping systems for the case study
sites, the cropping systems model needed to be able to incorporate farmer decision rules
and to be able to simulate long term cropping sequences.

The Agricultural Productions Systems Simulator (APSIM) model was chosen because of
its ability to meet these prerequisites. However, at the beginning of the project, the ability
of APSIM to simulate rice-based cropping systems was limited, so a major enabling
activity in 1.3 was the validation of APSIM-ORYZA across multiple rice environments in
Asia, as well as studies to develop specific process routines for salinity.

This work was mainly conducted in Bangladesh and Los Bafios, led by IRRI, and has
confirmed the ability of APSIM to reliably capture the key climate, crop, soil and
management processes of rice-based cropping systems in Asia (Gaydon et al. 2012a;
Gaydon et al. 2012b; and Volume 2, Appendix 1), providing the foundation for activities
1.4 and 3.3. Thus tested, APSIM was parameterised at each ACCA project location using
local climate, crop and soil data and incorporating local farmer management practices
obtained primarily from the on farm research in activity 3.1 and subsequent second
iteration of farmer engagement in activity 3.2.

Obtaining location specific climate projections is still a challenge, in particular in countries
like Cambodia and Lao PDR, where long term climate records are hard to find and often
patchy. While dynamic downscaling of Global Circulation Models can provide long term
projections, often spatial resolution of output from such high level models is too coarse to
be able to be used for specific sites. Conversely, while some of the statistical downscaling
approaches can yield more location specificity if based on reliable historical data, they
only provide short term projections (eg until 2030).

A number of approaches were used in ACCA, reflecting availability of high quality
historical climate data. For benchmarking current climates and generating future climate
projections in Bangladesh, Lao PDR and India, we mainly used the LMESS method to
generate location specific projections to 2030 (Kokic et al. 2011), drawing on historical
data for the case study locations and using output from two contrasting Global Circulation
models (ECHAMS5 which is more conservative than GFDLCM2.1 with respect to changes
predicted in future climatic scenarios). In Cambodia we have initially taken a fixed
scenario approach, while further refining the climate data files through scaling from
neighbouring sites in Vietham.

The first and second series of scenario analyses in activities 1.4 and 3.3 using the locally
parameterised APSIM helped determine how well current farmer practices perform, in
particular with respect to present climate variability, as well as allowing an evaluation of
how these practices might perform under future climates. These scenario outcomes of
current practice were then contrasted against the performance of new practices such as
those listed in Table 1, to assess whether they offered advantages both under present day
conditions as well as enabling farmers to improve productivity under changing climates.
The results of these scenario analyses were synthesised into a set of more generic
adaptation practices, that have been farmer-proofed as well as climate-proofed (activity
3.4 in Figure 2).

In this way a more robust base was provided to decide which current farmer practices and
which adaptation practices can be scaled out with confidence through key local
stakeholders (activity 2.3 and 3.5 in Figure 2), while at the same time it also underpinned
the extrapolation of practices to a broader range of environments. On-ground relevance
and evidence of uptake in conjunction with generalised adaptation strategies enabled the
team to develop design principles to inform policy makers how to develop future climate
change adaptation programs that are better targeted and more effective (activity 4.1 in
Figure 2).

Modelling outputs reflecting the adaptation options were represented as sustainability
polygons (Ten Brink et al. 1991, Moeller et al. 2014) — a visual summary of how
sustainable or climate-smart competing adaptation practices are.
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Each sustainability indicator is represented by a relative value from 1 to O where 1 is the
most desirable outcome (highest or lowest depending on context (eg highest gross margin
per hectare or lowest carbon emission per ton of yield).

For a desirable attribute (eg gross margin) the relative sustainability value for any
adaptation is calculated as the value of the adaptation divided by the value calculated for
the highest among the competing adaptation options. For an undesirable attribute (eg
carbon emissions) the sustainability value of an adaptation is calculated by dividing the
lowest value among competing adaptations by the value of that adaptation.

When all sustainability indicators are presented in a polygon and equal weighting is
assumed for all indicators, the most climate-smart practice would cover the largest area.
Ideally the most climate-smart practice will have all values close to 1. However, often this
is not the case, requiring the trade-offs between desirable indicators to be assessed. In
this sense the sustainability polygons were a tool to enable a more structured assessment
of whether adaptation practices are in fact effective and not maladaptive.

The above research approach was fully implemented in Cambodia, Lao PDR and India. In
Bangladesh, the focus of the project was to conduct experiments aimed at refining the
APSIM model (activity 1.3 in Figure 2), with less opportunity for on farm research. As
shown by the multiple feedback loops in Figure 2, the process was inherently adaptive
and participatory, like the ‘adaptation cycle’ outlined by Meinke et al. (2009).

Implementation of the ACCA multi-scale bridging concept is reflected in Figure 2 through
the generation of adaptation practices relevant at the local scale that can be readily
outscaled (activity 3.4), and more general design principles that inform policy making to
assist in upscaling (activity 4.1), and flow through from policy outcomes at the local and
national policy levels to eventual impacts at the farming household level.

An important step was sharing an understanding of the process and developing common
terminology across the diverse range of partners in the ACCA project. While unified by the
aims and general project framework (project ‘theory of change’ illustrated Figure 2), each
country team modified the general scaling approach to align with local priorities and
opportunities. The scaling process was informed by a methods discussion paper (Williams
and Roth, 2013) and a strategic stakeholder engagement approach detailed in Volume 3,
Appendix 1. The actual outscaling and upscaling activities are summarised in each of the
country results sections 5.1 to 5.4 in this report.
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7 Achievements against activities and outputs/milestones

Objective 1: To adapt and apply available tools/methods to select and assess adaptation strategies for rice-based cropping systems

NO ACTIVITY OUTPUTS/MILESTONES COMPLETION | COMMENTS
DATE
11 Assess adaptive capacity and 1. Reports for each country Mar 2011 COMPLETED. Final reports documenting the household survey data and
determine farming systems documenting preliminary farming synthesising the data into household (HH) typologies in each country completed in
typologies at local and systems typologies in target areas 2011. These reports provided the basis from which detailed HH types were
provincial levels amenable to extracted for each of the four typologies®. A common template was applied in all four
cropping and water countries following the methodology described by Williams et al. (2015), aggregating
management based adaptation the copious survey data and the results of the adaptive capacity assessment into
strategies four headings and matching the HH type to adaptation strategies likely to be
(all four partner countries) relevant to that particular HH type. The templates have been collated in a report
provided in Appendix 1 of the 2012 Annual Report, and the data recorded in these
reports constituted the basis for Williams et al (2015) and Brown et al in prep (see
paper 1 in section 11.3).
2. SRL household level surveys Feb 2011 COMPLETED. All four adaptive capacity assessments have been written up in
completed and results country reports by our partners, one of them in the form of a MSc thesis (Lao PDR).
documented in a report The key constraints to adaptive capacity were extracted and incorporated in the
household types discussed above. The results from India, Cambodia and
Bangladesh have been presented at conferences in Bangladesh, India and Australia
or published (see Khan and Grinbuihel 2012; paper 1, section 11.3). A compilation
of the results has also been provided in section 3.1 of the midterm review report.
3. In-depth descriptions of the Feb 2011 COMPLETED. The insights gathered by this study indicate that any consideration of

livelihood trajectories of different
household typologies documented
(India)

adaptation must be carried out within the context of other major drivers of change
such as labour shortages, farmers exiting agriculture, feminisation of agriculture, the
distortive effect of policies like MGNREGA, and a clear delineation of which farmers
are likely to further invest in agriculture. This information has been incorporated into
the HH typology developed for India. Policy implications from some of the emerging
trends were discussed with key Telangana stakeholders in February 2012 and
formed the basis of policy briefs (Activity 4.2, MS3). Data analysis has been
completed and eight journal papers have been published (papers 4 to 11 in section

% In this report, the term ‘typology’ refers to a set of defined ‘types’. We have generated four household typologies (one in each country), each comprising a number of different household types
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NO

ACTIVITY

OUTPUTS/MILESTONES

COMPLETION
DATE

COMMENTS

11.2).

11
cont.

Assess adaptive capacity and
determine farming systems
typologies at local and
provincial levels amenable to
cropping and water
management based adaptation
strategies

(all four partner countries)

4. Draft journal paper on SRL as a
tool to assess household adaptive
capacity

Dec 2011

COMPLETED. A journal paper describing and evaluating the utility of the
methodology was initially submitted to Regional Environmental Change but it was
rejected as being too narrowly focussed. It is now being reworked into a more
comprehensive paper not only describing the methodology, but also aggregating the
key results and learnings across all case study villages in the all four ACCA
countries. Details of this planned paper are provided in section 11.3 (paper 1) of this
report.

5. Draft journal paper: Institutions
in development: A theoretical
framework to understand stability
and change (India)

Jan 2012

COMPLETED. Eight papers covering aspects of agrarian livelihoods, institutions
and the rural employment guarantee scheme, have been published by Jakimow et al
in a range of journals. These are listed in section 11.3 (papers 4 to 11) of this report.

6. Provincial level farming systems
typologies using secondary data
completed and documented

May 2012

PARTIALLY COMPLETED. A greater effort than anticipated was directed to
developing a robust set of typologies to provide the basis for scaling HH types to
district or provincial scales (MS1). A methodological framework for scaling was
initially developed and workshopped with all four partner countries during the annual
review and planning meetings Feb-Apr 2012. However, as a result of these
workshops it became apparent that suitable secondary data to generate the HH
typologies at provincial scales was not available in all cases. At the same time, the
results from MS 1-4 across all four countries indicated that there were common
adaptation strategies emerging across all four countries, enabling us to take a
different approach to mapping of adaptation strategies against HH typologies than
originally planned. This led to a redesign of the scaling process as captured in the
variation of the project carried out in 2013 and described in a discussion paper
prepared by Williams and Roth (2013). A journal paper that develops a generic
framework to contrast types across countries is in preparation (Griinblhel et al - See
section 11.3, paper 9).

7. Draft journal paper: Farmers’
perceptions of climate change
variance amongst different
farming households in Telangana

May 2012

COMPLETED. A conference paper was presented at the Australian Agronomy
Conference in October 2012. As part of Activity 1.4 / MS6, a journal paper by
building on this conference paper has been published (Nidumolu et al, 2015).
Furthermore, results from the adaptive capacity analysis in Bangladesh have also
enabled an originally unplanned analysis of farmer perceptions to climate change in
Bangladesh to be published (Rashid et al. 2014).
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NO ACTIVITY OUTPUTS/MILESTONES COMPLETION | COMMENTS
DATE

11 Assess adaptive capacity and 8. Draft journal paper on utility of Apr 2013 COMPLETED. Dedicated data synthesis workshops were carried out in Australia

cont. | determine farming systems SRL In combination with (July 2011 for Lao PDR component), India (August 2011 for India and Bangladesh
typologies at local and typologies as a tool to assess components) and Cambodia (Sept 2011 for Cambodia and Lao PDR components).
provincial levels amenable to provincial level adaptive capacity The results of the final HH typologies have been published in a journal paper
cropping and water (Williams et al, 2015). However, as discussed under MS6, following the redesign of
management based adaptation the approach to HH typologies as a scaling methodology we have instead decided
strategies to use Dorward’s concept of four livelisystems as a unifying framework to compare
(all four partner countries) HH typologies and adaptation strategies across all four countries. This re-analysis of

the SRL and HH typology data has been completed and is now being synthesised
into a paper by Griinbihel et al. This paper is in an advanced state and due to be
submitted in early 2016 (see section 11.3, paper 9).

1.2 Review literature, source and 1. Climate input files for APSIM Oct 2010 COMPLETED. All historical climate datasets have been acquired and compiled into
assess climate data to develop modelling APSIM-ready format. The poor quality of some datasets has necessitated a number
site specific understandings of of additional tasks. In some cases we have resorted to gridded data (e.g. Indian
climate variability and to climate data) to circumvent the problem of large data gaps. We have also used
generate locally relevant climate NCEP datasets (NOAA, 2012), which are generated from the reanalysis of
change projections observational data and have the advantage that they provide long-term consistent
(all four partner countries) and complete datasets, including parameters such as radiation, which are often not

available in the historical records. The disadvantage of NCEP data is that they are
produced at a fairly coarse grid scale, and some grid points are quite distant from
the field sites in our case study areas. Comparisons between the observational data
and the NCEP synthetic historical data indicate high correlations, giving us
confidence in the NCEP data.

2. Characterisations of climate Jan 2011 COMPLETED. Overview trend analyses were produced for all countries in 2011. A

variability documented

more in-depth analysis of climate variability has been completed for India (refer to
Appendix 4 in Annual Report 2012) and Lao PDR (refer to Appendix 5 in Annual
Report 2012). Characterisations of climate variability were also generated by the
APSIM modelling conducted for all four countries and expressed in the form of
cumulative probability of exceedance functions. In all cases, we found that seasonal
climate variability tends to be more significant than the projected changes in climate
change. This suggests that finding ways to cope with today’s climate variability gives
farmers the best chance of protecting against future changes in climate.
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NO

ACTIVITY

OUTPUTS/MILESTONES

COMPLETION
DATE

COMMENTS

1.2
cont.

Review literature, source and
assess climate data to develop
site specific understandings of
climate variability and to
generate locally relevant climate
change projections

(all four partner countries)

3. Production of district/provincial
level seasonal climate forecasts
(India, Lao PDR)

Ongoing in
2010, 2011,
2012

COMPLETED. India: Medium range seasonal weather forecasts (2-5 day windows)
were prepared and disseminated in the form of Agromet advisories by PJITSAU and
local NGO partners to farmers in the three case study villages, twice a week. In
each village, farmer climate clubs were established, growing in membership over
time. These clubs met fortnightly to discuss the advisories. In Aug-Sep 2011 we
conducted a survey of the farmers to evaluate the utility of the advisories. The
survey results have been incorporated into a second generation of advisories that
were disseminated during the 2012 wet season. Reports on the experience in India
are provided in several trip reports and in Appendix 6 of the Annual Report 2012. A
repetition of the survey to capture farmer views after the 2012 wet season was
undertaken and results documented in a report in early 2013. The Agromet
advisories and farmer climate clubs were continued into the 2013 wet season using
residual PJTSAU funds, and have now evolved into the development of village
Climate Information Centres (CLICs; Activity 3.5, MS3). In the final year
dissemination of Agromet advisories was expanded to 33 villages in which CLICs
had been established.

Lao PDR: Building on prototype seasonal and weekly climate forecasts developed
by NAFRI and DMH in 2011, which were used to inform policy makers in the
Ministry of Agriculture, we attempted piloting Agromet advisories in the 2012 wet
season with farmers in the case study villages in Outhoumphone and Champhone.
Difficulties in establishing effective delivery mechanisms in Lao PDR resulted in
limited dissemination of the Agromet advisories at a village level in 2012. These
limitations were partially addressed, enabling NAFRI to continue to prepare and
disseminate Agromet advisories in the two case study villages in 2013 and 2014, but
still in a limited scale due to resource constraints. We reviewed the process after the
2014 wet season, and drawing on the lessons from India, helped NAFRI design a
more effective provision of Agromet advisories beyond the conclusion of the project.
This included the use of crop calendar based advisories and the Rainfall Visualiser,
in collaboration with SNV in Khammouane Province.

4. Locally calibrated climate
projections prepared as input files
for APSIM

May 2012

COMPLETED. A set of climate projections has been produced for all four countries
using the LMESS method (Kokic et al., 2011) incorporating observed and NCEP
reanalysis data (NOAA, 2012) and output from two CGMS (ECHAMS5 and
GFDLCM2.1) for a 20 year period centred on 2030. Synthetic historic data have
been validated against observational data to ascertain the confidence with which we
can use synthetic climate data as the basis for climate projections. Correlations
between observational and synthetic datasets are in the order of 80%, with one or
two cases of around 60%. A report outlining the process comprises Appendix 7 in
the Annual Report 2012 and further details are provided in section 3.3 of the MTR.
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NO ACTIVITY OUTPUTS/MILESTONES COMPLETION | COMMENTS
DATE
12 Review literature, source and 5. Draft journal paper on local Sept 2012 COMPLETED. Preparation of the individual country projections using the LMESS
cont. | assess climate data to develop | climate projections method led to new insights on how to improve the method originally proposed by
site specific understandings of Kokic et al. 2011. A refinement to the method based on the experiences in the
climate variability andto ACCA project was applied to downscaling of climate change projections in the
generate locally relevant climate Pacific and published in Climate Dynamics in 2013 (Kokic et al, 2013).
change projections
(all four partner countries)
1.3 Develop the capability of APSIM | 1. Existing datasets compiled for July 2010 COMPLETED. Several high quality datasets from IRRI were used in the early
to represent rice-based farming | validation tests stages of ACCA to validate components of APSIM. Use of these datasets has
systems generated two papers (Gaydon et al., 2012a, 2012b). Since then, we have started
(mainly Bangladesh; minor accessing additional high quality datasets from IRRI and other research institutions
activities in Cambodia) across south Asia through both the ACCA and the SAARC-Australia projects. These
datasets have allowed us to carry out additional validations of APSIM-ORYZA,
confirming the general robustness of APSIM-ORYZA across a wide range of rice-
based cropping systems in south and southeast Asia. Combined, the validation tests
using datasets of both projects (and also drawing on other datasets in South and
Southeast Asia), provided input into the papers generated as part of MS6, as well as
being documented in the SAC Monograph published as part of the SAARC-Australia
project in April 2014 (Akher et al, 2014).
2. Supplementary trials to capture | July 2010 COMPLETED. Bangladesh: in the 2010 wet season, trials were established in

AWD dynamics implemented

Note: in the first year, the original
planned focus on AWD was
modified in Bangladesh to focus
on salinity and water table
dynamics, and on capturing
phenology x N interactions in
Cambodia

Dacope, Satkhira and Gazipur (although the Satkhira data from the 2011 kharif were
omitted due to prolonged flooding) and repeated through to 2013. The Gazipur trial
in particular was well managed, generating high quality datasets enabling rigorous
testing of APSIM-ORYZA. In 2013 the Gazipur trial was changed to obtain AWD
calibration data.

Cambodia: the initial CARDI trial set up in 2010 was expanded in 2011 and 2012
into more comprehensive variety x N trials (testing 15 rice varieties and split N
applications). Results of the validations using the CARDI datasets provided key
input into the paper produced as part of MS6.

Los Banos: in addition to the above, in 2011 it was decided to initiate a series of
controlled salinity trials and glass house experiments at IRRI’'s Los Banos research
farm using savings in the IRRI budget and capitalising on a new post doctoral fellow
who joined IRRI to work on incorporating salinity x plant dynamics into the ORYZA
model. The salinity trials in Los Banos are now entering the next crop cycle and their
results constitute input to MS7-9.
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NO ACTIVITY OUTPUTS/MILESTONES COMPLETION | COMMENTS
DATE
1.3 Develop the capability of APSIM | 3. First iteration updated APSIM Apr 2011 COMPLETED. The planned integration of the improved ORYZA module into APSIM
cont. | to represent rice-based farming model with AWD and drought has proceeded, albeit in a different manner to that originally envisaged. Instead of
systems routines ready for use updating the code in the existing ORYZA module coupled to APSIM (which is
(mainly Bangladesh; minor Iabo_rious), we developed a separate piece of_software that was to enable any
activities in Cambodia) Note: the origina| p|anned focus version of ORYZA to interact with ASPIM. This Software, WRAPPER, was
on AWD was modified in developed in Dec 2011. Testing indicated that there are problems wrapping APSIM
Bangladesh to focus on salinity with later versions of ORYZA which need to be resolved prior to the WRAPPER
and water table dynamics, and on becoming fully functional. The WRAPPER approach has since become superseded,
capturing phenology x N with the decision to proceed with development of a new rice module using the
interactions in Cambodia APSIM_X templates (see MS 7-9) as a result of the project variation in 2013.
4. Supplementary datasets Nov 2011 COMPLETED. In Bangladesh wet season 2011 and 2012 data for the two Khulna
compiled and used for module sites (Dacope and Satkhira) and the Gazipur farming systems trial data were
validations collated and provided to the Bangladesh modelling team for further parameterisation
(in conjunction with joint modelling training activities under the SAARC-Australia
project). In Cambodia the CARDI on-station trial data for 2011 have also been
compiled and used to parameterise APSIM (resulting in Poulton et al 2015; see also
MS6).
5. Second iteration updated Apr 2012 COMPLETED. Parameterisation of the Khulna datasets has been successful. Initial

APSIM model with refined AWD
and drought routines ready for use

Note: the original planned focus
on AWD has been modified in
Bangladesh to focus on salinity
and water table dynamics, and on
capturing phenology x N
interactions in Cambodia

problems where the model was not adequately capturing inundation, salinity and
capillary rise, leading to over- and under-predictions of rice biomass at various
stages in the growth cycle, have been overcome through improvements to routines
in APSIM to address the inundation and capillary rise dynamics, and by including
salinity routines in APSIM-ORYZA (using the salinity datasets being generated in
Los Banos, MS7-9), significantly improving the model’s performance.
Parameterisation of the Gazipur data has been achieved by the Bangladesh
modelling team. Rather than Don Gaydon carrying out the parameterisation, it was
decided to continue to use the datasets as a parameterisation training exercise for
the Bangladesh modelling group. This still requires frequent backstopping to help
the team solve problems. In the coming months, Don Gaydon will provide a series of
modelling tasks to help the Bangladesh modelling team work more effectively on the
Gazipur dataset. It is planned to hold a modelling seminar in Nov 2014 with the
Bangladesh modelling team to capture their results and evaluate the capacity
building outcomes.

In Cambodia the CARDI dataset has been successfully used to parameterise
APSIM. APSIM now is capable of running simulations for 15 different rice varieties
grown in Cambodia for one of the most representative rice soils (Prateah Lang) and
has been validated using on farm data (see also MS6).
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NO

ACTIVITY

OUTPUTS/MILESTONES

COMPLETION
DATE

COMMENTS

13
cont.

Develop the capability of APSIM
to represent rice-based farming
systems

6. Draft paper on APSIM-ORYZA
validation and application

Aug 2012

COMPLETED. A comprehensive validation of APSIM-ORYZA has been undertaken
in conjunction with other projects (SAARC-Australia project) and by accessing a
wide range of other datasets. A total of 32 datasets across 12 countries in Asia have
been used in this exercise. The results show that APSIM performs very well in most
of the diverse rice growing environments of South and southeast Asia. The paper
also highlights a few areas requiring further model refinement (e.g. to represent soil
structure dynamics under Conservation Agriculture tillage regimes; better
evaporation routines). A paper by Gaydon et al. capturing these results is due to be
submitted to Environmental Modelling and Software in Nov 2015 (Vol. 2, App. 1).

The results of the CARDI validation studies have also been summarised in a paper
published in 2015 (Poulton et al 2015).

7. New datasets compiled from
field experiments in Bangladesh,
and controlled trials and
greenhouse experiments in Los
Banos

Dec 2013

COMPLETED. As part of the variation to the ACCA workplan agreed in 2013, a
reallocation of unspent funds in the IRRI ACCA budget has enabled new field trials
and glass house experiments to be set up at IRRI's Los Bafios research campus in
2013 and 2014. This was supplemented by validation datasets being generated in
the rabi season 2012/13 and 2013/2014 through the modification of the original
Satkhira trials in Bangladesh, which were changed to accommodate salinity x
irrigation treatments. Both datasets have been compiled and for use as input to MS8
and MS9.

8. Salinity routines coded into
ORYZA and APSIM

Apr 2014

COMPLETED. Salinity codes have been developed and incorporated into ORYZA to
capture the phenological response to salinity stress. Salinity dynamics already
existed in APSIM, but they have now been interfaced with the updated ORYZA.
Testing has shown that the salinity response functions are working, and the results
of this breakthrough (to our knowledge we have developed the first rice model
capable of simulating the effects of salinity) are being widely disseminated through
conference and journal papers (See section 11.3 and also App. 2, Vol. 3).

9. New APSIM rice model
produced for integration into
APSIM-X

Dec 2014

COMPLETED. The phenology routines within the ORYZA require treatment specific
parameterisation of key phenology parameters, limiting the ability to extrapolate the
calibrated model to other soil conditions. In agreement with IRRI, we built a
completely new rice module with improved phenology, but using the new crop
template developed for APSIM_X (next generation version of APSIM), allowing us to
work around the issues raised under MS3. Moreover, we have incorporated a rice
salinity routine into the crop module, which is the first dynamic salinity crop module
for rice. These improvements to APSIM-ORYZA are being extensively published
(papers 16-19, section 11.3; see also App. 2, 3 and 4 in Vol. 2).
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NO ACTIVITY OUTPUTS/MILESTONES COMPLETION | COMMENTS
DATE
1.4 Conduct scenario analyses 1. Sampling and monitoring May 2010, COMPLETED. Sampling and monitoring protocols were updated where necessary
using farmer input (1.1), climate | protocols agreed and May 2011, for the 2011 and 2012 wet seasons in all four countries, together with additional
data (1.2) and APSIM (1.3) to implemented May 2012 training in methods of soil monitoring where required. Monitoring occurred largely as

identify crop and water
management options adapted to
variable seasons and climate
change

(Cambodia, Lao PDR, India)

planned, although in some cases not all data were measured due to capacity
constraints of partners. An example of the protocols used is provided in Appendix 8
of the 2011 AR.

2. Calibration datasets compiled
and current practices
benchmarked

Dec 2010, Dec
2011

COMPLETED. Datasets to calibrate APSIM for farmer field conditions have been
obtained and compiled in all four countries for the wet seasons 2011 and 2012.
Farmers were interviewed in all case study villages to gather information on actual
farmer practices and decisions. Datasets and farmer practices have been used to
benchmark APSIM for all sites. Examples of the benchmarking results are provided
in Appendix 11 of the Annual Report 2012 and in Section 3.2 of the MTR. Following
the variation to the project in 2013, a second farmer engagement process was
conducted in 2013 to obtain more farmer feedback. Reported under Activity 3.2.

3. First phase of farmer climate
risk perception questionnaires
tested and applied (India)

Apr 2011

COMPLETED. Information obtained from the climate risk perception surveys carried
out in 2010 informed the selection of some of the climate risk management options
tested as part of activity 3.1. More details are contained in Appendix 4 of the Annual
Report 2012 and Section 3.3 of the MTR, as well as a paper by Nidumolu et al
(2015).

4. Improved cropping and water
management options derived from
scenario analysis

Apr 2011, Apr
2012

COMPLETED. The first iteration of scenario analyses was carried out for all four
countries in 2011 and 2012. Results obtained from this iteration of scenario analysis
are summarised below and presented more fully in Section 3.5 of the MTR.
Following the variation to the project in 2013, a second set of scenario analyses was
conducted in 2013 and 2014 to refine these results. This is reported below under
Activity 3.3.

India: strategic irrigation of high-risk, high-return, cotton crops has the potential to
achieve significant improvements in yield and yield stability which can be sufficient
to justify reducing irrigation to rice (either by implementing AWD or SRI approaches
to rice growing or by reducing the land available as paddy). Strategic irrigation will
remain an effective adaptation option under the future (2021-2040) climate
scenarios modelled.

Bangladesh: early establishment of both T. Aman and subsequent rabi season
crops is likely to have potential long-term benefits under both historical and future
climates.

Cambodia: short duration varieties, planted early in the wet season and given
adequate levels of N, have potential to increase on farm yields over traditional
medium duration rice varieties. The potential to successfully grow two short

Page 25




Final Report: Developing multi-scale adaptation strategies for farming communities in Cambodia, Lao PDR, Bangladesh and India

NO ACTIVITY OUTPUTS/MILESTONES COMPLETION | COMMENTS

DATE
1.4 Conduct scenario analyses 4. Improved cropping and water Apr 2011, Apr | duration crops in one wet season is reliant on the early start to the monsoon season,
cont. | using farmer input (1.1), climate | management options derived from | 2012 as well as access to sufficient specialised agronomic knowledge, machinery and

data (1.2) and APSIM (1.3) to
identify crop and water
management options adapted to
variable seasons and climate
change

(Cambodia, Lao PDR, India)

scenario analysis
Cont..

Cont.

inputs.

Lao PDR: while sowing using a direct seeder does not bring significant yield benefits
there are, however, cost savings (in required labour and inputs) which are expected
to be reflected in forthcoming gross margin analyses. Using supplementary
irrigation throughout the growing season increases yields in poor seasons;
additional N inputs are required in better years to capture the benefits of the
additional water. Similar results have been observed under present day (1971-
2011) and a future (2021-2040) climates.

The various management options for each country have been documented in trip
reports, sections 3.4 and 3.5 of the MTR.

5. Model output characterising
cropping systems risk profiles

Apr 2011, Apr
2012

COMPLETED. Cumulative distribution functions of yields based on long term
historical climate records have been generated with APSIM for all main rice-
cropping systems and results. A second iteration has been completed in 2013/2014
as part of Activity 3.2. Key results are presented in section 8 of this report.

6. Climate risk framework linked to | Apr 2012 COMPLETED. The second stage climate risk perception survey was carried out in

APSIM model output and climate late 2011. Analysis of the data and targeted APSIM modelling has enabled us link

risk management priorities ranked the risk management framework generated under this milestone with the scenario

(India) — second phase analysis being undertaken for India. The results have been documented in a number
of papers as part of MS8 and MS9.

7. Charts, pictorials, street plays May 2010, COMPLETED. A framework to communicate climate information to farmers, where

etc. developed to communicate May 2011, we jointly evaluate with farmers the results of the on—farm trials and the output

modelling results to farmers May 2012 generated by the scenario analysis in activity 1.4, was developed and applied in
2013 as we consolidated the results of the 2" iteration scenario analysis and in
conjunction with the second series of farmer workshops conducted as part of Activity
3.2. Arange of methods conveying modelling results have been used - pictorials
and street theatre plays in India, focus group discussions and simple butcher paper
charts in Cambodia and Laos.

8. A series of draft papers Mar 2013 PARTIALLY COMPLETED. Preparation of papers capturing the integrated approach

documenting results of APSIM
and IAT scenario analysis and
selected options

used in ACCA and summarising the results of the scenario analyses across all four
countries is at an advanced stage, with submission to high profile journals planned
for late 2015 (see papers 6, 7, 10, 11, 12, 15, section 11.3; see also App. 5-7, in Vol
2).
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NO ACTIVITY OUTPUTS/MILESTONES COMPLETION | COMMENTS

DATE
1.4 Conduct scenario analyses 9. Draft journal paper — Under- Oct 2013 COMPLETED. A conference and a journal paper by Nidumolu et al. have been
cont. | using farmer input (1.1), climate | standing climate risk management published (Nidumolu et al, 2014) An additional paper reflecting on the CLICs

data (1.2) and APSIM (1.3) to
identify crop and water
management options adapted to
variable seasons and climate
change

approaches in rainfed agriculture
with implications in a changing
climate (India)

approach in India is in preparation (paper 13, section 11.3)

Objective 2: To develop capacity in research and extension processes that support the building of adaptive capacity in rice-based
cropping systems

NO ACTIVITY OUTPUTS/MILESTONES COMPLETION | COMMENTS
DATE
2.1 Train research partnersin 1. Partners trained in SRL Apr-Aug 2010 | COMPLETED. Reported in Annual Report 2011.
project research methodologies | methodology and surveys tested
(all four partner countries) 2. Partners exposed in workshops | Apr-Aug 2010 | COMPLETED. Reported in Annual Report 2011. Additional training in soil
to APSIM and scenario analysis sampling was carried out in India in July 2011. Laboratory protocols and
and trained in sampling equipment have been improved at CARDI and at NAFRI (through a linked
SRA: SMCN/2010/084). Training of a Bangladesh modelling group established
in conjunction with the SAARC-Australia project has been ongoing.
2.2 Improve farmers’ ability in case 1. Farmer groups established in Sep 2010 COMPLETED. India: Farmer Climate Clubs (FCC) were established in 2010

study villages to benchmark and
self-assess opportunities for
building adaptive capacity
(Cambodia, Lao PDR, India)

each case study village

and have continued to operate in each of the case study villages; initially each
comprising about 25 farmers. In 2012 numbers have grown and the clubs now
range between 34 and 52 members. These farmer groups meet on a regular
basis, and are the groups engaged to evaluate the results of the field trials and
the agro-advisories. In one village the FCC has evolved into a farmer
association.

Cambodia: No formal farmer groups were established in Cambodia, but in
each of the three villages, about 40 farmers were involved in field trials in 2011
and 2012.

Lao PDR: As in Cambodia, no formal farmer groups were established in Lao
PDR. In 2011, around 10 farmers were involved in field trials from five villages.
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NO ACTIVITY OUTPUTS/MILESTONES COMPLETION | COMMENTS
DATE
2.2 Improve farmers’ ability in case 1. Farmer groups established in Sep 2010 Numbers increased to about 15 in 2012
cont. | study villages to benchmark and | each case study village In Cambodia and Lao PDR on farm trials continued in the 2013 wet season
self-assess opportunities for Cont. Cont. through the support of the sister project LWR/2010/110.
building adaptive capacity
(Cambodia, Lao PDR, India) 2. Participatory action learning Dec 2010, COMPLETED. Focus discussion groups were carried out in each participating
sessions to plan on farm trials May 2011, village before the wet season, to jointly plan and select treatments to be trialled
carried out at the onset of each Dec 2011 in on farm experiments. Where required farmer training sessions were also
monsoon season carried out; for example in Cambodia farmers were trained in the use of the
drum seeder and in urea deep fertiliser placement; in India farmers were
trained in SRI; and Lao PDR farmers were trained in Good Agricultural
Practices and the use of the dry seeder. This continued in Cambodia and Lao
PDR in the 2013 wet season through the support of the sister project
LWR/2010/110.
3. Farmers accessing and using Ongoing ONGOING. India: District level agro-advisories based on medium range
SCF bulletins for decision making | during seasonal weather forecasts continue to be prepared and disseminated by
(Lao PDR and India only) cropping PJTSAU and local NGOs twice a week to farmers in the three case study
seasons villages. The Farmer Climate Clubs meet regularly to discuss the agro-

advisories.

To further inform farmer decision-making, a visualisation tool using gridded
IMD rainfall data has been developed and is being disseminated to NGOs in
Telangana. Upon entering the latitudes and longitudes of a particular location,
three graphs are produced that depict wet, normal and dry wet seasons from
the last ten years. Using this tool NGOs can print large charts for display in the
villages, allowing villagers to plot the current rain gauge data they have
observed onto this graph. This provides villagers with a visual impression of
where they are in the current season in relation to past rainfall years, and, on
the basis of rainfall trends, influence their decision making about adjusting their
crop and water management.

Lao PDR: In 2011 NAFRI piloted a seasonal climate forecasting bulletin, which
was targeted at the national Government through the MAF. A process to
disseminate farmer level agro-met advisories that builds on this prototype was
attempted in the 2012 wet season, but difficulties in establishing effective
delivery mechanisms in Lao PDR resulted in limited dissemination of the
Agromet advisories at a village level in 2012. These limitations were partially
addressed, enabling NAFRI to continue to prepare and disseminate Agromet
advisories in the two case study villages in 2013 and 2014, but still in a limited
scale due to resource constraints.
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NO ACTIVITY OUTPUTS/MILESTONES COMPLETION | COMMENTS
DATE

2.3 Train extensionists and NGO 1. Training workshops carried out | Dec 2010, COMPLETED. Training in all three countries was provided to collaborating
partners to work with farmers in | by DAEs and NGOs May 2011 local extension and NGO partners. In most instances the training was provided
selecting and testing feasible by our lead partners in each country (PJTSAU and WASSAN in India; NAFRI
adaptation response options in Lao PDR; CARDI and iDE Cambodia in Cambodia). Training focussed on
(Cambodia, Lao PDR, India) establishing on farm trials, monitoring crop growth, and techniques of eliciting

farmer feedback on the treatments tested.
2. Training materials for train-the- May 2011 COMPLETED. This activity was delayed until training needs assessments had

trainer courses in PAR updated i
relation to climate adaptation and
produced

=)

been completed in each of the three countries, as our extension partners felt
that PAR was not the highest priority in their training needs. These training
needs assessments were completed in 2012 (an example from Cambodia is
provided in Appendix 12 of the Annual Report 2012). In 2013 we worked with
the key extension partners in each country (WASSAN in India, DAEC in Lao
PDR and DAE in Cambodia) to develop priority training modules and to
commence train-the-trainer programs. In 2014 dissemination products and
approaches were developed in conjunction with activities 3.2 and 3.5. Material
has been compiled and provided to the Climate Information Centers in India,
and is being disseminated through DAE training in the PADEE program in
Cambodia.

Objective 3: To select and evaluate a suite of crop, nutrient & water management adaptation options suitable for provincial level
dissemination - outscaling

NO ACTIVITY OUTPUTS/MILESTONES COMPLETION | COMMENTS
DATE
3.1 Based on the results of social 1. 10 on farm plots established in Jul 2010 (I,C), | COMPLETED. Alongside the HH typologies work, this activity constituted a
research (1.1), APSIM scenario | each case study village in time for | May 2011, major effort across ACCA in the first 2.5 years. The 2011 wet season proved to
analysis (1.4) and farmer monsoon May 2012 be the first in which the full complement of on farm trials was rolled out.

participatory planning (2.2)
establish a range of on farm
experiments to evaluate
adaptation options
(Cambodia = C, Lao PDR =L,
India =1)

Generally results were very useful and provided several lines of further enquiry
into adaptation practices farmers are likely to adopt; these in turn formed the
basis for further on farm trials in 2012. A summary of the outcomes of the on
farm research is provided in Section 3.4 of the MTR and in section 8 of this
report.

A challenge that emerged across all three countries after the 2011 wet season is
that it is hard to maintain farmer interest in running control plots alongside
treatment plots if the improved practices looked promising.
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NO

ACTIVITY

OUTPUTS/MILESTONES

COMPLETION
DATE

COMMENTS

3.1
cont

Based on the results of social
research (1.1), APSIM scenario
analysis (1.4) and farmer
participatory planning (2.2)
establish a range of on farm
experiments to evaluate
adaptation options

(Cambodia = C, Lao PDR =L,
India =)

1. 10 on farm plots established in
each case study village in time for
monsoon

Cont.

Jul 2010 (1,C),
May 2011,
May 2012

Cont.

This was alleviated to some degree by emphasising the need to maintain robust
controls in the 2012 wet season. Also, in Lao PDR maintaining a sufficiently
frequent presence in the case study villages was affected by capacity constraints
in 2011. A stronger involvement of provincial and district partners helped NAFRI
alleviate these pressures in 2012.

India: Ten farmer plots were established in each of the three case study villages
in Nalgonda, Mahbubnagar and Warangal districts in both wet season 2011 and
2012. Treatments consisted of different irrigation regimes in cotton and maize,
testing of different sowing dates, and a comparison of SRI, ANGRAU package
and farmer practice in the rice plots.

Bangladesh: Funding constraints precluded dedicated on farm activities, but
links to IRRI'S SARCCAB project allowed pooling of resources and maintaining
two on farm trials near Khulna. Adaptation practices included improved rice
varieties and alternative rabi crops aiming at mitigating salinity risks and earlier
planting of boro rice to escape terminal drought.

Cambodia: A wide range of on farm experiments were established in three case
study villages in both 2011 and 2012. Treatments comprised drum seeding vs.
transplanting; double cropping rice vs. traditional single season rice; farmer seed
vs. improved seed; farmer fertility management vs. improved fertility
management; and testing of a range of vegetables and to a minor extent, of
forages. In total, 40 on farm plots were established in 2011, while 35 plots were
established in 2012, with similar treatments.

Lao PDR: In 2011 on farm experiments were established in four case study
villages. Treatments comprised farmer seed vs. improved seed and farmer
fertility management vs. improved fertility management. In total, 12 on farm plots
were established. A similar number of on farm trials was established in 2012 in
five villages, with a greater focus on supplementary irrigation, testing
submergence (TDK1-subl) and drought (TDK11) tolerant rice varieties and
testing of early rice establishment using direct seeders.

This work continued in Cambodia and Lao PDR through sister project
LWR/2012/110, involving a stronger focus on dry direct seeding in Lao PDR (52
farmers in 2013) and an extension of the drum seeding and double cropping rice
systems from Svay Rieng to Prey Veng Province in Cambodia (40 sites in 2013).

2. 10 on farm plots established for
dry season crops in case study
villages (where there is access to
irrigation)

Dec 2010,
Dec 2011

COMPLETED. The 2011-2012 dry season saw some on farm research activity in
all three countries, but in a more limited intensity than the wet season, due to
lack of irrigation in most villages.
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ACTIVITY

OUTPUTS/MILESTONES

COMPLETION
DATE

COMMENTS

3.1
cont

Based on the results of social
research (1.1), APSIM scenario
analysis (1.4) and farmer
participatory planning (2.2)
establish a range of on farm
experiments to evaluate
adaptation options

(Cambodia = C, Lao PDR =L,
India =1)

2. 10 on farm plots established for

dry season crops in case study
villages (where there is access to
irrigation)

Cont.

Dec 2010,
Dec 2011

Cont.

India: In 2011 six farmer plots were established in Nemmani and Gorita,
comparing SRI with the ANGRAU rice package and farmer practice. In 2012, in
addition to the same intensity of rice plots, one kharif maize plot was established
in Gorita and 10 rabi maize plots in Bairanpally, three of which were intensively
monitored.

Bangladesh: The same sites established in the wet season were continued
under irrigation, mainly boro rice and cowpeas.

Cambodia: Some level of irrigated rice and vegetable growing occurred in all
three case study villages in both dry seasons, with a total of 16 trials established.
Lao PDR: Due to capacity constraints, it was decided not to pursue a formal
program of on farm experiments in the 2011/12 dry season. Rather, we opted to
use the dry season to multiply seed of the submergence tolerant rice variety
TDK1-subl, in order to have sufficient available seed for the 2012 wet season
trials to test this variety in flood prone areas of Champhone. For similar capacity
constraints no activity was planned for the dry season 2011/12; key collaborators
were encouraged to focus on collecting and analysing 2012 wet season results,
with a view to more in-depth understanding of these results and ability to prepare
for the 2013 wet season.

3. End-of-monsoon season
evaluations documented

Jan 2010 (1,C),
Jan2012, Jan
2013

COMPLETED. Meetings with collaborating farmers to evaluate the outcome of
2011 wet season on farm experiments were conducted in Lao PDR in February
and April 2012 and in April 2012 in India and Cambodia. Results have been
documented in trip reports. Farmer evaluations of the wet season 2012 were
also completed as planned in India, Cambodia (see November and December
2012 trip reports) and Lao PDR (see April 2013 trip report).

4. End-of-dry season evaluations
documented

May 2011,
May 2012

COMPLETED. The 2010-2011 end-of-dry season farmer evaluation meetings
were held in June 2011 in India, and March and May 2011 for Cambodia and
Lao PDR, respectively. Key results have been documented in trip reports. The
2012-13 end-of-dry season farmer evaluation meetings were conducted in April
2013 and also reported in trip reports.

3.2

Design and conduct farmer
engagement processes to
generate farmer-truthed
adaptation practices and
decision trees to better manage
climate variability

(Cambodia, Lao PDR, India)

1. Design of farmer engagement
process documented

Jun 2013

COMPLETED. Following two CSIRO team workshops in July and August 2012
and in subsequent consultation meetings with our partners during October and
November 2012, it was decided to substantially redesign activities 3.2 — 3.4. The
redesign commenced during the MTR workshop and was completed through a
formal project variation in mid 2013. Following on from discussions held during
the MTR to develop general guidelines and a shared understanding of the
purpose of
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DATE
3.2 Design and conduct farmer 1. Design of farmer engagement Jun 2013 activities 3.2, 3.3 and 3.4, all four country teams designed farmer engagement
cont. | engagement processes to process documented (FE) processes aligned with local needs and conditions. The proposed FE
generate farmer-truthed processes ended up differing a bit in each country, reflecting different capabilities
adaptation practices and Cont. Cont. and preferred approaches of our partners. Focus group discussions (FGD) were
decision trees to better manage designed for all of the case study villages in Cambodia, India and Lao PDR, with
climate variability groups stratified along household types, to validate the typologies and to obtain
(Cambodia, Lao PDR, India) farmer feedback on the adaptation practices tested or conceived. This was
followed by in-depth interviews using a key informant interview (KII) process, to
elicit farmer decision making rules and to develop additional scenarios to be
tested using APSIM. Details on the FE plans in each country have been reported
in trip reports in 2013.
2. Outcomes of 1stfarmer Nov 2013 COMPLETED. India: the initial FE process in India entailed a focus group

engagement process documented

discussion (FGD) process, which was led by Chiranjeevi Tallapragada (LNRMI)
in August 2013. Key findings have been documented in a report (section 11.3,
report 36) and highlight the importance of multiple mechanisms for information
sharing due to high illiteracy; and the challenges of diverting and/or sharing
irrigation based on field location and access. Farmers in FGDs who used the
70mm rule had good results, however there is a general preference to get crops
in early (take advantage of early rains, risk of missing planting window) despite
risks of loss of seed.

Bangladesh: Whilst initially also planned for Bangladesh (using residual IRRI
funds, a subsequent review of IRRI's ACCA component redirected residual funds
towards additional work supporting development of salinity routines in APSIM
(Activity 1.3, MS7-9) and the farmer engagement process was not fully carried
out in Bangladesh. A Kl process conducted in April/May 2013 yielded useful
data on farmer decision making rules that were subsequently used to re-
parameterise the Manager module in APSIM for the Bangladesh scenario
analyses.

Cambodia: the FGD process was conducted in Cambodia in August 2013,
facilitated through a consultant (Dr Emmanuel Santoyo Rio) and involving DAE.
Results highlight the strong role of risk (cultural, social and financial) in shaping
the process of adoption in Svay Rieng. Use of short duration rice varieties and
fertiliser (enabling double cropping) was the most popular / commonly used
practice. Though there are acknowledged benefits of the drum seeder, including
significant labour reduction; reduction in seed use and time saving in crop
establishment, focus group participants felt that broadcasting was cheaper and
easier. The approach taken and results and conclusions are documented in a
report (see report 39, section 11.3).
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DATE
3.2 Design and conduct farmer 2. Outcomes of 1stfarmer Nov 2013 Lao PDR: the approach chosen in Lao PDR consisted of a FGD process
cont engagement processes to engagement process documented following training in Good Agriculture Practices given by DAEC and NAFRI prior
generate farmer-truthed to the 2014 wet season, and a Kll process eliciting farmer views on dry direct
adaptation practices and Cont. Cont. seeding. The practice most discussed and implemented was the direct seeder.
decision trees to better manage Households were enthusiastic about the savings in labour for transplanting,
climate variability however the dry season had contributed to significant weed problems which
(Cambodia, Lao PDR, India) required ongoing labour and detracted from perceived benefits. Households
were keen to experiment in different fields (where weed management may be
easier) in the next season. Pesticides were generally not an acceptable weed
management option due to health and environmental concerns. Results have
been documented in Vol 3, App 2 and the July 2013 trip report.
3. Outcomes of 2" farmer Apr 2014 COMPLETED. India: the Kll were conducted by the PITSAU team, in

engagement process documented

conjunction with Activity 1.4/MS6 in Sept/Oct 2013. Emphasis was on capturing
rules that farmers use to decide when to sow, complemented by new rules
developed by the ACCA team. It also provided further data on farmer climate risk
management and their views on options such as strategic irrigation,
underpinning some of the scenarios modelled for India. The results of the India
KIl were captured in spreadsheets by Murthy et al.

Cambodia: The Kll was conducted in Oct 2013 (Vol 3, App 9) and built on the
results obtained in the preceding FGD. It allowed a deeper probing of some of
the reasons behind farmer acceptance of adaptation measures such as rice
double cropping using drum seeding, improved varieties and better nitrogen
management. It also specified trigger points for farmers initiating tillage and
nursery and transplanting operations. The subsequent re-parameterisation
enabled us to verify the various cropping options being proposed within a
‘response farming’ framework, and results have been captured in Vol 3, App 3.
Lao PDR: a second set of Kll was performed in Nov 2013, after the collaborating
farmers had harvested the test plots. Weed management in the dry seeding
systems emerged as a key potential constraint, negating labour savings through
avoidance of transplanting. Overall farmers are very receptive and state the
labour savings benefits as a major determinant for acceptance of dry seeding
(Vol 3, App 4). The interviews also enabled a further specification of farmer
planting rules subsequently captured in APSIM .
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3.3

Conduct 2™ series of scenario
analyses using APSIM to
evaluate additional adaptation
practices and climate risk
management decision trees
determined in 3.2

(Cambodia, Laos, India)

1. Scenarios and decision tree
parameters defined using output
from 3.2

Feb 2013

COMPLETED. Results from the farmer engagement processes conducted in
Activity 3.2 were used to define a further set of scenarios to be tested using
APSIM. In particular, the results of the KII were critical in being able to
approximate the farmer decision rules around rice crop establishment, making
using of the versatility of APSIM’s Manager module.

2. APSIM reconfigured and
Manager module programmed

May 2013

COMPLETED. Final parameterisations of APSIM have been achieved in all four
countries. This took longer than anticipated, as it required modelling results to be
presented back to our partners, who subsequently reviewed the plausibility of the
results, in some cases necessitating further refinements to parameterisations.
This has led to an increased ownership of the results, at the cost of a 6-12 month
delay in finalisation of the 2" scenario analysis.

3. Modelling outputs compiled

Jul 2013

COMPLETED. The second substantive iteration of scenario analyses was
initiated in the second half of 2013, based on the results arising from the more
extensive farmer focus group discussions and subsequent researcher and NGO
workshops in Activity 3.2, as well as plausibility testing with stakeholders. This
was a highly iterative process, and interim results were documented in a number
of trip reports.

Modelling outputs were compiled into a uniform reporting format comprising key
performance parameters (yield, total biomass, gross margin, stability of yield) as
well as indicators of potential maladaptation (GHG emissions intensity, soil
carbon) are presented in the form of sustainability polygons. A complete set of
scenario results for India have been compiled into a report (ol 3, App 5),
forming the basis for a series of country specific papers (Hochman et al. for India
— Vol 2, App 5-6; Poulton et al. for Cambodia — Vol 2, App 7; Laing et al for Lao
PDR — paper 12, section 11.3 and Gaydon et al. for Bangladesh — papers 6, 7,
section 11.3) incorporating the results of the second iteration of modelling. These
papers are due to be submitted to journals by the end of 2015.

4. Farmer-appropriate
communication products produced

Aug 2013

COMPLETED. This milestone is linked to Activity 3.5/ MS2 and MS3. In India
WASSAN have converted some of the modelling results into street theatre plays
and pictorials, as well as refining and expanding the web-based information tools
made available in the CLICs. In Cambodia, a ‘Response Farming’ manual has
been translated into Khmer by DAE and is being disseminated through the
PADEE program.
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3.3 Conduct second series of 4. Farmer-appropriate Aug 2013 In Lao PDR a dry seeding extension manual has been produced as part of sister

cont. | scenario analyses using APSIM | communication products produced project LWR/2010/110, and we provided key input into a comprehensive
to evaluate additional adaptation | cont. Cont. extension manual on direct seeding produced by the IFAD-funded SNRMPEP
practices and climate risk project.
managgmer_lt decision trees 5. Draft journal paper: Eliciting Oct 2013 PARTIALLY COMPLETED. A paper reflecting on the Indian experience and the
determlngd in 3.2 ) and modelling farmer climate risk utility of village Climate Information Centres (see Activity 3.5/ MS3) is prepared
(Cambodia, Laos, India) management for submission in the coming months.

3.4 Synthesis of results into a set of | 1. Results of synthesis workshops | May 2014 COMPLETED. India: the final synthesis workshop was held with all partners in
technically, financially, socially documented Jan 2014, resulting in a package of adaptation measures being disseminated
and institutionally feasible through village Climate Information Centres (see Activity 3.5 / MS3). Results
adaptation practices and have been recorded in a trip report.
identification of future research Cambodia: a preliminary workshop was held with the project partners in May
needs 2014, followed by an assessment and endorsement of the ‘response farming’
(Cambodia, Laos, India) package through a technical panel in June 2014, involving a wider range of

specialists. A comprehensive report containing detailed crop calendars and crop
and soil management practices for a range of adaptation options has been
prepared (Vol 3, App 3) and submitted to the relevant directors within the
General Directorate of Agriculture, who have endorsed the package to be
disseminated via the PADEE program (see Activity 3.5/ MS3).
Lao PDR: a synthesis workshop was held with all partners in Vientiane in May
2014. Inspired by the ‘response farming’ package developed by the Cambodian
team, the Lao PDR team prepared crop calendars, underpinned by detailed crop
and soil management recommendations..

2. Draft journal paper: Evaluation | Jun 2014 PARTIALLY COMPLETED. A PhD thesis by Elizabeth Clarke evaluating the

of farmer engagement process integration approach used by ACCA is in its final stages, with plans to submit two

and adaptation practices journal papers in early 2016 (papers 2 & 3, section 11.3 of this report).

generated

3. Draft journal paper: Integrated Jul 2014 PARTIALLY COMPLETED. An invited paper by Roth and Grunbuhel published

approach to represent adaptation
options using analysis from
multiple sources

in 2012 in a Special Issue of the Asian Journal of Environment and Disaster Risk
Management describes the ACCA integration framework and provides early
reflections on how well this has worked in Cambodia and Lao PDR (Roth and
Grinbuhel, 2012).

A more comprehensive analysis using Dorwards’ Livelisystems framework to
integrate multiple information sources across all four countries is now being
synthesised into a paper following presentations at two conferences. This paper
is in an advanced state and due to be submitted in early 2016 (paper 9, section
11.3).
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NO ACTIVITY OUTPUTS/MILESTONES COMPLETION | COMMENTS
DATE
3.5 Outscaling of technologies and 1. Field days and workshops to Aug-Oct 2011, | COMPLETED. Field days were organised during the 2011 wet season in all

knowledge to selected areas
beyond immediate project study
sites

(Cambodia, Lao PDR, India)

expose farmers and extension
workers to on farm trials (one
each in each case study village,
during monsoon and dry season,
respectively)

Feb-Mar 2012,
Aug-Oct 2012

three countries (October 2011 in Lao PDR, November 2011 in India, September
2011 in Cambodia), exposing farmers in the case study villages to the results of
the on farm demonstrations. Similarly, field days were also organised during the
2012 wet season in Cambodia and Lao PDR. No formal field days were
organised during the dry season, due to the lower level of on farm activity.

Outcomes of past field days have been reported in previous annual reports and
trip reports. However, additional field days were conducted for the 2013 wet
season in Cambodia and Lao PDR to expose farmers to the demonstration trials
being carried out during the 2013 wet season in Lao PDR and Cambodia
through the companion SRA (LWR/2012/110).

2. Extension materials for
dissemination of preferred
adaptation options produced

May 2014

COMPLETED.

India: WASSAN has produced pictorials and posters depicting the key messages
and recommendations arising from our work, including the improved sowing
rules, the rainfall visualiser charts, the use and interpretation of Agromet
advisories. The same content has also been turned into a street theatre play,
which was successfully trialled before the start of the 2013 wet season. Since
then, the street theatre has been performed in more than 63 villages in
Mahbubnagar, Rangareddy and Nalgonda districts. WASSAN also
commissioned the production of a software front-end to access all the dynamic
and static information through computers that have been set up in the 33 village
Climate Information Centres.

Cambodia: the ‘Response Farming’ manual has been translated into Khmer by
DAE and is being disseminated through the PADEE program, as well as through
iDE’s Farmer Business Advisor program. .

Lao PDR: the discussion paper produced as part of Activity 1.4 / MS6 in
conjunction with the sister project LWR/2010/110 (Vol 3, App 4) has formed the
basis for extension materials. As a result, a dry seeding extension manual has
been produced as part of sister project LWR/2010/110. We also provided key
input into a comprehensive extension manual on direct seeding produced by the
IFAD-funded SNRMPEP project

Page 36




Final Report: Developing multi-scale adaptation strategies for farming communities in Cambodia, Lao PDR, Bangladesh and India

NO ACTIVITY OUTPUTS/MILESTONES COMPLETION | COMMENTS

DATE
35 Outscaling of technologies and 3. NGOs and Extension services Jun 2014 COMPLETED. This activity constituted the focus of the project in its final and
cont. | knowledge to selected areas scaling out project results through extension year. Results have been compiled in the stakeholder engagement

beyond immediate project study
sites

(Cambodia, Lao PDR, India)

field days, workshops and train-
the-trainer approaches

report (App 1, Vol. 3).

India: the primary vehicle for outscaling the integrated knowledge package on
managing climate variability to have emerged from our work in Telangana is the
establishment of village based Climate Information Centres (CLIC; described in
more detail in section 8.1 of this report), combining soft and hard infrastructure
elements. CLIC piloting constituted the main focus of ACCA in Telangana in the
final year. Under the leadership of the NGO partner WASSAN, the team in India
has been involved in establishing 33 CLICs in each of the three project districts
(Warangal, Rangareddy, Mahbubnagar), supported through the Dept. of Rural
Development’s Integrated Watershed Management Program and other state
government agencies. Plans to seek institutional support and anchoring the
CLIC institutionally to maintain the CLICs beyond the project were initially
disrupted by the political changes related to the establishment of the new State
of Telangana, but were successfully re-initiated by PJITSAU and WASSAN with
the new government institutions in Telangana in 2015.

Cambodia: Two linked outscaling pathways were implemented. Through NGO
partner iDE, entrepreneur input providers (Farmer Business Advisors - FBAS)
were trained in the ‘response farming’ package developed by ACCA. Each FBA
services 40-50 farmers and to date around 300 FBAs have been trained in
ACCA practices. Through extension partner DAE, under the auspices of the
IFAD-funded PADEE program, extension workers are being trained in direct
seeding and double cropping practices that form part of the 'response farming’
package endorsed by GDA under MS1 of Activity 3.4. Once the PADEE program
has been fully rolled out, there is a potential to reach out to 20,000 households
across five provinces in Cambodia (see also in section 8.3 of this report).

Lao PDR: Primary outscaling was through Savannakhet provincial and district
level extension services to promote dry seeding as the key climate risk
management technology emanating from our work in Lao PDR. In 2013-14, in
addition to farmers participating in on farm testing, an additional area of 100 ha
was direct seeded in Savannakhet. In 2014-15, this had expanded to 600ha and
interest spread beyond the case study districts of Outhoumphone and
Champone to other districts in Savannakhet, as well as to Champassak
province. We have also been providing project outputs to the IFAD-funded
Sustainable NRM Productivity Enhancement Project, which is disseminating
direct seeding technology in other in southern Lao provinces. Extension of ACCA
results has also occurred with SNV in Khammouane Province (see section 8.4).
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Objective 4: To derive and disseminate principles and policy recommendations that will enable a more effective design and
implementation of adaptation programmes at multiple scales - upscaling

NO ACTIVITY OUTPUTS/MILESTONES COMPLETION | COMMENTS
DATE
4.1 Develop design principles and 1. Design of policy engagement Jun 2013 COMPLETED.

adaptation strategies to build
resilience to climate change at
local, provincial and national
scales (upscaling)

(all four partner countries)

process documented

Following two CSIRO team workshops in July and August 2012 and in
subsequent consultation meetings with our partners during October and
November 2012, it was decided to substantially redesign activity 4.1. The
redesign commenced during the MTR workshop and was completed through a
formal project variation in mid 2013.

The first step in this redesign was to develop general guidelines and a shared
understanding of the purpose of this activity (i.e what do we mean with upscaling
— section 11.3, paper 45). Consequently in early 2013, all four country teams
designed stakeholder engagement processes built around a selected set of
stakeholders or policies and donor programs to be targeted.

With the subsequent re-focussing of the Bangladesh component on developing
salinity routines for APSIM, further policy level engagement in Bangladesh has
been stopped.

In the other three countries, in general terms, we planned for a series of
stakeholder workshops after the results of the farmer FGD became available.
Progress and stakeholders being targeted have been documented in a
stakeholder engagement report (App 1, Vol 3), as well as recorded in numerous
trip reports.

In addition, Liz Clarke, a PhD student from ANU, has included ACCA as a case
study in her PhD to evaluate the strengths and weaknesses of the engagement
processes used in 1.1, 1.4, 2.2 and 3.1. She analysed project documents and
interviewed ACCA team members. Results of her work were presented at the
International Food Security Conference in Holland in 2013 (see list in 11.3), and
she is working on a joint paper (papers 2 & 3, section11.3).
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NO

ACTIVITY

OUTPUTS/MILESTONES

COMPLETION
DATE

COMMENTS

4.1
cont.

Develop design principles and
adaptation strategies to build
resilience to climate change at
local, provincial and national
scales (upscaling)

(all four partner countries)

2. Proceedings of 1% set of
workshops to engage with policy
makers and stakeholders on
adaptation strategies

Feb 2014

COMPLETED.

India: rather than conduct workshops, the preferred mode in India has been to
conduct a series of bilateral briefing sessions with key stakeholders, e.g. the
India Meteorology Dept. (in relation to changes to the Agromet advisory system),
the Special Commissioner for Rural Development (for support to pilot 15 CLICs
through the DRD Integrated Watershed Development Program; mainstreaming
climate adaptation extension and training into watershed development
programs), and the Secretaries of Agriculture and of Panchayati Raj, for
institutionalising the maintenance of CLICs. Meeting notes are provided in trip
reports.

Cambodia: Two workshops to expose policy makers to key adaptation strategies
and policy recommendations have been conducted in Nov 2013 and May 2014
(the latter as part of ACIAR’s Rice Policy Dialogue). These focussed on
conveying the concept of building farming household resilience and giving
farmers tools to manage climate variability through response farming. We also
exposed stakeholders to the concept of incremental versus transformational
adaptation (Roth et al 2014).

Lao PDR: A workshop involving mainly provincial stakeholders (who have
carriage of on-ground extension in Savannakhet) on dry direct seeding was held
in Savannakhet in July 2013. This has been supported through additional
bilateral briefings, primarily to the Director General of the Dept. of Agriculture,
with emphasis in helping develop an Agromet advisory system in Lao PDR, as
well as providing policy briefs on dry direct seeding in support of the Lao PDR
government push for intensification and drought proofing of lowland rice
production. The results of these meetings have been recorded in a number of
trip reports.

3. Consolidated design principles
and policy recommendations for
adaptation strategies documented
in a report

May 2014

COMPLETED.

Preliminary design principles were presented by Roth et al at the First Global
Conference on Research Integration and Implementation in Sep 2013 (see
paper 73, section 11.3) and a preliminary set of policy recommendations are
documented in a paper presented at the ACIAR Rice Policy Dialogue workshop
in Phnom Penh in May 2014 (Roth et al 2014).

The ACCA project was also used as a case study in a CSIRO funded strategic
project conducting a meta-analysis on R4D design principles.
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NO

ACTIVITY

OUTPUTS/MILESTONES

COMPLETION
DATE

COMMENTS

4.1
cont.

Develop design principles and
adaptation strategies to build
resilience to climate change at
local, provincial and national
scales (upscaling)

(all four partner countries)

4. Proceedings of 2" set of
workshops to engage with policy
makers and stakeholders on
adaptation strategies

Jun 2014

PARTIALLY COMPLETED.

India, An evaluation of the CLIC pilots was conducted in March-April 2015,
coinciding with a policy and stakeholder workshop with the Depts. of Rural
Development, Agriculture and Panchayat Raj. The CLICs evaluation has been
documented in a report (section 11.3, paper 37), while the results of the policy
workshop have been documented in trip reports.

Cambodia: Design principles for adaptation programs and opportunities to
disseminate ACCA results were discussed in bilateral meetings with the project
management team of the new IFAD ASPIRE program (Agriculture Services
Program for Innovation Resilience and Extension) in Aug 2015. ASPIRE (and the
UNDP) have already drawn on some of the ACCA outputs (climate resilient
agriculture, double cropping of rice; response farming) in the design of their new
programs.

Bangladesh: Stakeholder policy workshops as in the other countries are not
planned, but a modelling symposium was conducted in Apr 2015 that showcased
results of scenario modelling. The primary target audience was senior research
managers of BARC, BRRI and BARI, with a view to strengthening institutional
support for modelling in these organisations, consolidating earlier work of the
SAARC-Australia project.

Lao PDR: Originally we had planned to conduct a policy workshop with our
partner NAFRI, in conjunction with a LADLF funded policy integration project
aimed at mainstreaming direct seeding into the MAF policy process. Budgetary
cuts by DFAT to its program in Laos resulted in the LADLF support to NAFRI
being withdrawn, and the workshop could not proceed. NAFRI have plans to
conduct the policy workshop in late 2015 out of their own resources, and the
project leader has committed to attend this workshop.

5. Draft journal paper on
adaptation strategies and socio-
economic/biophysical integration
methodology

Aug 2014

INITIATED.

A paper by Roth et al. is in preparation for submission to Mitigation and
Adaptation Strategies for Global Change in early 2016. This paper will bring
together the lessons learnt from the ACCA project and reflect on how these
learnings can be applied in future adaptation research.
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NO

ACTIVITY

OUTPUTS/MILESTONES

COMPLETION
DATE

COMMENTS

4.2

Establish advisory panels or
utilise existing policy dialogue
platforms to channel project
outputs developed in 4.1 into
climate adaptation policy making

(all four partner countries)

1. Key stakeholders and policy
makers identified and engaged
through advisory committees or
policy dialogue platforms

Nov 2010

COMPLETED.

The stakeholder engagement plans prepared during 2011 have been regularly
reviewed and updated through 2012 (see App 1, Vol 3 for details)

2. Routine briefings and
workshops conducted

Apr 2011,
Apr 2012,
Apr 2013,
Apr 2014

COMPLETED.

Regular briefings with key stakeholders have been carried out by the project
leader, the deputy project leader and some of the local team coordinators during
most of the visits by CSIRO team members. Formal stakeholder workshops were
held in Bangladesh (February 2012), in India (in conjunction with ACIAR’s Water
Forum project, in Nov and Dec 2012), Cambodia (April 2012; Nov 2013, May
2014) and in Lao PDR (July 2013). Details of the stakeholders briefed and the
content of the briefings have been provided in relevant trip reports and the
stakeholder engagement report (App 1, Vol 3).

Main policy, donor and NGO stakeholders engaged include:

India: National Rainfed Area Authority; Indian Council of Agricultural Research;
Indian Meteorology Dept.; Telangana Departments of Rural Development,
Agriculture, Panchayati Raj.

Bangladesh: Bangladesh Agricultural Research Council; Comprehensive
Disaster Management Program; Dept. of Agricultural Extension; Dept. of
Environment — Climate Change Office; BRAC; FAO.

Cambodia: General Directorate of Agriculture; Climate Change Office; Svay
Rieng Dept. of Agriculture; Asian Development Bank; UNDP; IFAD; FAO; SNV
(Netherlands development agency); the Cambodia Agricultural Value Chain
Program (CAVAC - AusAID/DFAT).

Lao PDR: Dept. of Agriculture; Mekong River Commission; AusAID/DFAT; IFAD,;
UNDP; SNV; Savannakhet Provincial Agriculture and Forestry Office.

3. Annual policy briefs produced
and disseminated to stakeholders,
policy makers and donors

Apr 2011,
Apr 2012,
Apr 2013,
Apr 2014

COMPLETED.

Policy briefs were prepared and distributed to key policy stakeholders in all four
countries. Three policy briefs were produced and distributed in India, two policy
briefs in Lao PDR and one policy brief in Bangladesh and Cambodia. The first
two policy briefs prepared for India are included in Appendix 13 of the Annual
Report 2012.
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8 Key results and discussion

8.1 India

Country focus

The primary focus in India was piloting the delivery of weather-based agro-advisories in
Telangana (formerly part of Andhra Pradesh) as an entry point to increase local capacity
to manage climate risk and variability and to increase agricultural productivity. This was
underpinned by an extensive program of participatory on farm research to test sowing
rules and strategic irrigation (primarily in cotton), complemented by an in-depth social
study of household livelihood strategies and adaptive capacity.

Telangana was chosen to link to the work of ACIAR’s cluster of water and climate change
related projects, but also because rainfed areas of Telangana are characterised by a very
variable climate with high incidence of drought.

The main project partners are the Agroclimate Research Centre (ACRC) within Professor
Jayashankar Telengana State Agricultural University (PJTSAU, formerly ANGRAU), the
Livelihoods and Natural Resource Management Institute (LNRMI) and the NGO
Watershed Support Services and Activities Network (WASSAN). Associated collaborators
are the Indian Meteorology Department (IMD) and the National Centre for Medium Range
Weather Forecasting (NCMRWF).

Site information

The case study villages are in three districts in the Telangana state in south India:
Warangal, in the Central Telangana agro climatic zone, Nalgonda and Mahbubnagar in
the Southern Telangana Zone (Figure 3). Paddy rice, cotton and maize are the key kharif
(monsoon) crops in these villages. Paddy rice is grown under irrigated conditions mostly
using groundwater pumped from bore-wells. Cotton and maize are mostly rainfed. The
average holding size in the area is ~2 ha with predominantly smallholder farmers.
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Figure 3. Location of study villages
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Natural endowments for agriculture vary considerably between the three villages.
Bairanpally (Warangal district) village has better soil and water resources than Gorita
(Mahbubnagar district), and Nemmani (Nalgonda district) villages, where resources are
more limited.

Bairanpally has a mean growing season rainfall of 910mm, with very productive soils
(mainly Vertisols or black soils) and more substantial ground water based irrigation
resources. Gorita and Nemmani have growing season rainfalls of 615 mm and 600 mm
respectively and both have ground water based irrigation resources that are confined to
Vertisols in drainage depressions. Upland soils are mainly poorer, red granitic Alfisols and
Ultisols.

Cropping calendar

Monsoon season cropping in Telangana has traditionally focussed on the growing of
mainly rainfed cotton and maize on red, granitic soils (Ultisols), and irrigated rice on
Vertisols.

For cotton, sowing usually takes place into tilled fields after sufficient rainfall has fallen in
June/July. Sowing rules differ and are discussed in more detail later. Planting beyond July
is usually not undertaken. Cultural practices include weeding, and where there is access
to irrigation, furrowing and irrigation. Harvesting of cotton is by hand and takes place in
several pickings during November to December. Yields of seed cotton in purely rainfed
conditions are highly variable and range between 1 — 4 t/ha.

Nurseries for rice are established and land preparation commences in June using
irrigation water, with transplanting in July. Rice is only viable where there is a secure
supply of ground water, which is supplemented in August/September. Manual harvesting
takes place in October to November. Yields range between 4 — 6 t/ha.

June July Aug Sep Oct Nov Dec
Crop 123|412 (3|42 |2|3|4|2|2|3|4|1|2|3|4|1|2]|3|4|1]|2]|3]|4
stag
Week
Square
bud

Blossom

Boll

Figure 4. Crop calendar for traditionally planted cotton in Central and Southern Telangana.
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Sowing
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Tillering

Panicle ext

Flowering

Harvest

Figure 5. Crop calendar for traditionally planted rice in Central and Southern Telangana.

Household types

Household types have been developed from the study of six villages: Mucherla and
Bairanpally (Warangal), Gorita and Ammapally (Mahbubnagar) and Nemmani and
Chowdampally (Nalgonda). These types are summarised in Table 2.

The caste system in India has been significant in defining the types, which are distinct
from those identified in the other ACCA countries. Scheduled castes (SC), backward
castes (BC), and other castes (OC) are social categories used to provide equitable
benefits across castes. SCs are considered the most disadvantaged group; traditionally
these are mostly landless labourers; however some have been assigned covenanted land
by the government. Land size is usually very small, soil quality is poor and they have no
access to groundwater (though there are some government programs to support digging
bore wells).

BCs are a slightly better off, but still economically disadvantaged; traditionally they have
been denied access to education. Over the past few decades they have become more
politically assertive given their majority share of the population. Traditionally, BCs are
rooted in agriculture as they used to take care of the lands of landowning castes (eg
Brahmins).

OCs are the most advantaged group. They usually own land and businesses and engage
in a diversity of occupations. Previously they were landlords but over time holdings have
decreased in size: many families have sold off land or have divided properties due to
inheritance. This caste has mostly moved into high paid and high profile jobs but often
own land as absentee landlords.

Other key variables in defining the types in Telangana are land ownership; soil quality and
irrigation access and access to other non-agricultural livelihood options through access to
productive assets (eg small business).
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Table 2. Summary of household types, India

Type | Key characteristics Key constraints
1 Landless SC/BC wage labourers. Low and unequal wages; poor healthcare;
limited options for diversification and risk
mitigation
2a Marginal and small; SC/BC ; no irrigation; Lack of irrigation access; market access/fair
poor soil quality prices; access to credit and information
2b Marginal and small; SC/BC farmers; limited | Risk of bore-well failure; time / labour
irrigation; poor soil quality available for agriculture; access to credit and
information.
2c Marginal and small OC farmers with no Irrigation access; succession planning
irrigation and poor soil quality
2d Marginal and small OC/BC farmers with Time / labour available for agriculture;
good irrigation and poor soil quality access to quality inputs; market access / fair
prices; soil quality
3 Marginal and small farmers with other Division of labour; household labour
productive assets, access to irrigation and availability; non-farm business viability linked
varied soil quality to demand by other households
4 Marginal and small BC/OC farmers with High input cost; low market prices; small
good access to irrigation and good soil land area
quality
5a Medium and large BC/OC farmers with no Poor soil quality; lack of irrigation; labour
direct access to irrigation and poor soil. shortages / high cost of labour; risk of heat
stress / food shortages for livestock
5b Medium and large BC/OC farmers with Irrigation; labour costs; input costs; low
limited irrigation and poor soils market prices; availability of fodder crops
6 Medium and large BC/OC farmers with Cost of labour; cost of inputs
mixed access to irrigation and varied soil
type
7 Medium and large BC/OC farmers with Declining profits and increasing costs; high
good access to irrigation and good quality labour costs and labour shortages
soil

Livelihood trajectories

In India, the ACCA project had an opportunity to conduct a deeper analysis of rural
change. Research was conducted to understand the trajectories or likely trends of farming
households to guide consideration of appropriate adaptation strategies. The research
found that all households were diversifying their livelihoods, but into different types of
activities. The smaller the land category, the more marginal secondary livelihood activities,
and the more attractive agriculture (own land) becomes. While men across categories
have diversified out of agriculture, women face additional constraints in entering
alternative occupations. Agricultural labour remains an important part of women'’s
livelihood portfolios. These factors have led to a feminisation of agricultural labour (both
own-cultivation and wage labour).

The viability of agriculture is a balance between size and investment in (household) labour
resources. Large farms have the resources to invest in agriculture, while the
attractiveness of other investment options means that many farmers may not fully utilise
their land. For medium farms, resources are being increasingly diverted into education,
which is seen as a more secure path to maintain a standard of living and class status.
Unlike large landholders, many do not have the capital to invest in both agriculture and
education, resulting in a drop in agricultural investment. Small and marginal farmers
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overcome some of these problems by investing more family labour, thereby reducing input
costs. For these farmers, wage labour or the guaranteed rural employment system
(MGNREGA, or Mahatma Gandhi National Rural Employee Guarantee Scheme) are
important livelihood activities, but a desire to reduce dependence on this income means
that they are generally reluctant to sell their land. At the same time, they are less able to
invest in the input intensive agriculture that is a feature of agriculture in Nemmani and
Gangapur. Pressures such as dowry, health and education expenses have meant the loss
of land, or more commonly, its partial sale. Households across social classes were found
to be investing in education, but with different ability to convert that education into better
livelihood activities in line with access to resources (see paper 7, section 11.2 for an in-
depth discussion of this topic).

On farm research

On farm experiments with rice, cotton and maize crops were designed to compare
proposed adaptation ideas with current farmer practice by splitting a field into two parts.
These fields were monitored by sequential measurement of soil water and mineral
nitrogen status, crop growth stages, above ground dry matter and grain or cotton yields at
harvest. Experimental replication was to be achieved by more than one farmer trialling the
same innovation in the same village over two to three seasons.

However, the main purpose of on farm experiments was to test, demonstrate and prompt
discussion on the practicalities of the proposed adaptations, rather than to provide
experimentally rigorous evidence that they were superior to current practice. At the end of
each season, village discussions about these trials and farmers’ overall experience of the
season were facilitated. Such discussions led to more adaptation ideas and to design of
more on farm trials in the coming season.

On farm research in this study has focussed on rice and cotton crops grown on red and
black soils in three participating villages — Bairanpally, Nemmani and Gorita. The principal
concern for farmers was the reduction of risk in rainfed cotton and maize, both at the time
of crop establishment (eg loss of seedlings due to dry spells after sowing) and within
season drought periods. In the first case, the interventions tested included alternative
sowing rules, while in the latter case, the use of strategic irrigation (‘life saving’ irrigation)
was tested by diverting limited amounts of irrigation water from rice paddies to cotton.

The main issues identified with paddy rice production were the inefficient use of water
from tube wells and inefficient use of fertilisers and agricultural chemicals. Farmers in the
three villages trialled the ‘PJTSAU Package’ - a package of recommendations that is
reflected in the agro-advisories produced by PISTAU from IMD forecasts and distributed
to villages to support farm management, based on medium term forecasts. In the village
of Nemmani, two farmers also trialled a modified System of Rice Intensification (SRI)
method which reduced the amount of water used (effectively an alternate wetting and
drying method - AWD).

Modelling adaptation practices

Four adaptation practices were explored during the project: sowing rules, strategic
irrigation of rainfed crops, reduced irrigation of rice and reduced area for strategic
irrigation of rainfed crops. A detailed compilation of results is provided in Appendix 5,
Volume 3; here we present key results.

Sowing rules

The question about when farmers sow rainfed crops started as a conversation between
researchers. It seems that while some farmers will sow these crops as soon as the
monsoon season officially breaks (defined by IMD as two consecutive days where rainfall
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exceeds 2.5 mm), local agronomic data suggests that a cumulative rainfall of 50 to 75 mm
might be more appropriate. Surveys and discussions with farmer climate clubs established
by the project and facilitated by local NGOs in each village confirmed that a wide range of
practices exist in the three case study villages and that re-sowing of seed is a common
problem.

The sowing window for rainfed crops such as cotton and maize is between 1 June and 17
July. If sowing criteria are not met by 17 July, the crop is not sown. Given this sowing
window, four variations to the sowing rule were suggested:

1. Sow at ‘onset of monsoon’ following IMD’s definition ie 2 consecutive days in
which daily rainfall >= 2.5mm (referred to as 2 day rule)

2. Sow when cumulative rainfall equals or exceeds 75 mm (accumulated over 4, 7,
10 or 14 days) (referred to as 75mm rule)

3. Sow when cumulative rainfall equals or exceeds 50 mm (accumulated over 4, 7,
10 or 14 days) (referred to as 50mm rule)

4. Sow when soil moisture in top 15 cm is at 50% plant available water capacity
(PAWC) in black soils or at 66% PAWC in red soils (referred to as soil moisture
rule).

For Gorita, sowing rule 3 (50mm rule) was the most successful in reducing the risk of
seedling failure at the smallest cost in terms of missed sowing opportunities under the
historical climate scenario. The scenario modelling suggests that this rule also represents
the most successful adaptation under both the ECHAM5 and GFDLCM21 scenarios for
2021-2040.

In the case of Bairanpally*, sowing rule 3 (sowing rule 3 with a 7 day start) was most
successful in reducing the risk of seedling failure at the smallest cost in terms of missed
sowing opportunities under the historical climate scenario. It was also the most successful
adaptation under both the ECHAMS5 and GFDLCM21 scenarios for 2021-2040.

Strategic irrigation of rainfed crops

Strategic irrigation of primarily rainfed crops such as cotton and maize was suggested,
applying the following rules:

Apply 50 mm when soil moisture falls below 50% of PAWC subject to:
e atleast 14 days between irrigations
¢ maximum of 3 irrigations per season
o for cotton, start irrigations at 30 days after sowing (DAS) and stop at 120 DAS
o for maize, start irrigations at 14 DAS and stop at 21 days after anthesis.

Strategic irrigation of cotton crops in each of the three case study villages increased the
yield probability distribution throughout the entire range of yield outcomes. In particular,
the probability of yields below 2 t/ha was dramatically reduced. This trend was true for the
historical record as well as the ECHAM5 and GFDLCM21 scenarios for 2021-2040. For
both the rainfed and strategically irrigated crops, the differences in the distribution of
simulated yields between the historical record, the ECHAMS and the GFDLCM21
scenarios was small relative to the range of yield outcomes due to year to year variability
(Figure 6).

Water is a limited and dwindling resource in the study area, so irrigation of rainfed crops
must come from savings made by reduced irrigation of paddy rice. This can be achieved

4 For most analyses, Nemmani results were between Bairanpally and Gorita results and are not shown in this
section for brevity. See Appendix 5-6, Volume 2 for more detailed information.
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by either reducing the per hectare irrigation through measures such as alternate wetting
and drying (reduced irrigation of rice) or by reducing the area sown to rice.
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Figure 6. Seed cotton yield response (probability of exceedance) of crops sown using the
soil moisture sowing rule for rainfed crops (left hand side) and strategically irrigated crops
(right hand side) at Bairanpally (top) Gorita (middle) and Nemmani (bottom). Blue lines
represent historical record (1978-2009); green represents ECHAMS projection (2021-2040)

and red represents the GFDLCMZ2.1 projection (2021-2040).
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Reduced irrigation of rice
Paddy rice sowing was simulated for all scenarios according to the following farmer rule:

Start nursery on 7 June.
Transplant seedlings at least 25 DAS when cumulative rainfall exceeds 35 mm.
o If minimum rainfall (35 mm) had not fallen in 50 days at Bairanpally, sow at 50
DAS.
e If minimum rainfall (35 mm) had not fallen in 60 days at Gorita, sow at 60 DAS.

Farmer irrigation practice was identified as aiming to maintain a pond depth of 10 cm by
irrigating every second day to top up the pond to 10 cm if required (scenario Irrig-1). Three
alternative adaptations were proposed:

1. Irrig-2: Maintain 5 cm pond depth — irrigate every day to top up pond to 5 cm if
required

2. AWD1: Alternate wetting and drying - irrigate to 5cm when pond depth reaches
Ocm

3. AWD?2: Alternate wetting and drying - irrigate to 5cm two days after pond depth
reaches Ocm.

The current practice (Irrig-1) was compared with the three proposed adaptations in terms
of their grain yields, gross margins and net water use.

The three reduced irrigation adaptations were evaluated against current farmer practice in
terms of their rice yields, their gross margins and the net water use. Net water use, a
measure of the contribution to the depletion of groundwater resources is calculated as
irrigation minus drainage beyond the root zone. These comparisons are shown for
Bairanpally and Gorita fields in Figure 7.

In the Bairanpally simulations, consistent differences were observed in the amount of net
water used in the alternative irrigations (Irrig 1 > Irrig 2 > AWD1 > AWD2). The median
difference between the Irrig 1 (current farmer practice) and the AWD2 option represents a
saving of about 120 mm/ha or 28% of farmer practice. Small positive differences in yield
were observed in response to reduced irrigation (AWD2 > AWDL1 > Irrig 2 > Irrig 1) and
these yield gains were reflected in improved gross margins (bottom of Figure 7) as both
water and electricity are fully subsidised. While the reduced irrigation option is beneficial
for production gross margin and net water usage, it requires more management effort by
farmers.

In the Gorita simulations, consistent differences were observed in the amount of net water
used in the alternative irrigations (Irrig 1 > Irrig 2 = AWD1 > AWD?2). The median
difference between the Irrig 1 (current farmer practice) and the AWD2 options represents
a saving of about 100 mm/ha or 26% of farmer practice. In contrast with Bairanpally, small
negative yield and gross margin differences were observed in Gorita in response to
reduced irrigation (Irrig 1 > Irrig 2 > AWD1 > AWD?2). Hence there is a trade-off in Gorita
between conserving groundwater resources and gross margins. This, in addition to the
management effort required to properly implement AWD is likely to limit the uptake of this
option by most farmers.
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Figure 7. The impact of irrigation rules (“irrigl” blue lines, “irrig2” red lines, “AWD1” green
lines, “AWD2” purple lines) on rough rice yield (kg/ha) (top), gross margin (INR) (middle)
and net water use (bottom) in Bairanpally (left) and Gorita (right).

Reduced rice area for strategic irrigation of rainfed crops

Options investigated for sourcing water for strategic irrigation of rainfed crops from
reduced paddy area varied by household type and particularly by farm size. We
considered three representative households:

e A small farm with 5 acres (2 ha) of which 2 acres were paddy and 3 acres were
cotton or maize;

o A medium farm with 8 acres (3.2 ha) of which 2 acres were paddy and 6 acres
were cotton or maize;

o A large farm with 15 acres (6.5 ha) of which 3 acres were paddy and 12 acres
were cotton or maize.
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For all farm types we assumed the Rice Irrig-2 (maintain 5cm pond depth) and rainfed
cotton using the starting soil moisture sowing rules as the current practice. A minimum of
0.2 hectares of rice was retained in adaptation scenarios to ensure self sufficiency for a

family of 5 people.

The results in general clearly show that reducing the area under rice, and using the water
for strategic irrigation of cotton or maize has economic benefit.

Figure 8 presents the results for the small farm case in Gorita. Reducing rice from 0.8 ha

to 0.6 or 0.4 hectare results in an increase of average profitability by about 50% by

changing from current practice to option 2. Similarly, average irrigation per hectare per

season is reduced with reduced area under rice.
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Figure 8. Gross margin (blue bars) and net water use (irrigation-recharge, red dots) for

Note on Options

Current practice:

0.8hairrigated rice, 1.2ha rainfed cotton

Option 1: Use water saved to
strategicallyirrigate cotton
O.6hairrigated rice, 1.4ha cotton

Option 2: Use water saved to
strategicallyirrigate cotton
0.4hairrigated rice, 1.6ha cotton

Option 3: Use water saved to
strategically irrigate cotton with
unlimited no. of irrigations.
0.4hairrigatedrice, 1.6ha cotton

Option 4: Use water saved to
strategicallyirrigate cotton
0.2hairrigatedrice, 1.8ha cotton

adaptation options used on small farms at Gorita growing rice and cotton for a) baseline

climate (1978-2009), b) future climate ECHAMS5 (2021-2040) and c) future climate GFDL

CM2.1 (2021-2040).
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Sustainability analyses

For each adaptation option, comparisons of different outputs were made to understand
tradeoffs and impacts in the form of sustainability polygons (Ten Brink et al. 1991, Moeller
et al. 2014). These polygons allow for comparison of multiple indicators as a summary of
considerations for sustainability/efficiency of adaptation options. Here we focus on results
for the application of the sowing rule for cotton, and strategic irrigation of cotton. Full
details, including comparisons for other practices and crops can be found in Volume 2,
Appendix 5-6.

a) Sowing rules for cotton (Gorita and Bairanpally)

Modelling highlighted the 50mm in 7 days and soil moisture sowing rules as having the
most optimal sowing opportunity versus crop failure tradeoffs (above, see also Appendix
5-6, Vol. 2). Figure 9 compares the yield, gross margin, yield stability, gross margin
stability, NoO and C emissions of cotton for these rules against the 2 day rule (current
recommendation) for Gorita (left hand side) and Bairanpally (right hand side).

For cotton crops in Gorita using observed weather data, no single sowing rule had the
highest result for all sustainability indicators though differences were relatively small (all
indicators being greater than 0.84) (Figure 9a). For cotton crops in Gorita using future
ECHAMS generated weather data, the 50 mm rule had highest or equal highest vales for
all sustainability indicators (Figure 9¢). Compared with historic results, ECHAMS5 cotton
scenarios in Gorita resulted in higher yields and GM outcomes and lower emission results
at the expense of less stability in yield and GM outcomes (Figure 9a,c). Compared with
the observed cotton simulation scenarios, the indicators for the soil moisture and 50 mm
rules were more sustainable under the GFDL CM2.1 scenario with the exception of
carbon emissions which were slightly higher (Figure 9a,e).

For cotton crops in Bairanpally using observed weather data, the 2 day rule had lower
sustainability values than the soil moisture and the 50 mm in 7 days rules, which were
approximately equal to each other for all indicators. (Figure 9b). Using future ECHAM5
generated weather data, the 2 day rule had lower sustainability indicator values than the
soil moisture and the 50mm in 7 days rules which were approximately equal to each other
for all indicators. The same indicators that were lower for the 2 day rule in the observed
weather data simulations were even lower for the ECHAMS scenario (Figure 9d). Using
future GFDL CM2.1 scenario, the 2 day rule becomes less sustainable for each of the
indicators (Figure 9f).
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Figure 9. Comparison of yield, gross margin, yield stability, gross margin stability, N.O and
C emissions of cotton crops grown using the 2 day sowing rule and the remaining two
sowing rules with optimal tradeoffs between sowing opportunity and seedling failure at
Gorita (left) and Bairanpally (right) for a) and b) baseline climate (1978-2009), c) and d)
ECHAMS future climate (2021-2040), and e) and f) GFDL CM2.1 future climate (2021-2040).
Blue lines represent 2 day sowing rule, red lines represent 50mm sowing rule and green
lines represent soil moisture sowing rule for a)-f). Ranges for each variable are shown in

parentheses®.

Figure 9 shows that for each of the climate scenarios in Bairanpally, there is a tendency
for sowing rules that improve yield outcomes to also improve the whole set of
sustainability outcomes. However, in Gorita the relative positions of the various
sustainability indices for each of the sowing rules varied with climate scenarios such that a
clear win-win rule could not be identified.

5> Each sustainability indicator is represented by a relative value from 1 to O where 1 is the most
desirable outcome - highest or lowest depending on context (eg highest gross margin per ha or
lowest carbon emission per tonne of yield). See Volume 2, Appendix 5-6 for more details.
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b) Strategic irrigation of cotton (Gorita and Bairanpally)

A comparison of sustainability polygons for the three climate scenarios for Gorita (Figure
10 a,c,e) shows that all sustainability indicators for the strategic irrigation adaptation were
superior for each of the three climate scenarios.

In Bairanpally (Figure 10b,d,f) similar results were obtained regardless of the climate
scenario: seed cotton yields, gross margin, carbon emissions and nitrous oxide emissions
were all improved by strategic irrigation while yield stability and GM stability were
marginally worse with strategic irrigation.
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Figure 10. Comparison of yield, gross margin, yield stability, gross margin stability, N.O and
C emissions of rainfed and strategically irrigated cotton grown using the soil moisture
sowing rule at Gorita (left) and Bairanpally (right). for a) and b) baseline climate (1978-2009),
¢) and d) ECHAMS future climate (2021-2040), e) and f) cotton using GFDL CM2.1 future
climate (2021-2040). Blue lines represent rainfed crops, red lines represent strategically
irrigated crops. Ranges for each variable are shown in parentheses.

The sustainability polygons for strategic irrigation of cotton for each of the three climate
scenarios tend to show that the adaptations that improve yield outcomes also tend to
improve the whole set of sustainability outcomes (Figure 10). However this is not always
the case, with sustainability polygons for reduced irrigation of rice showing clear tradeoffs,
for example between yield, yield stability, gross margin and gross margin stability and
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emissions of nitrous oxide and carbon emissions (data not shown, refer to Appendix 5-6,
Vol. 2)°.

Participatory climate risk assessment with farmers

Climate risk assessment in cropping is generally undertaken in a top-down approach
using climate records while critical farmer experience is often not accounted for. In the
present study, farmer experience of climate risk is integrated in a bottom-up participatory
approach with climate data analysis. Crop calendars (Figure 4 and Figure 5) were used as
a boundary object to identify and rank climate and weather risks faced by smallholder
farmers. A semi-structured survey was conducted with experienced farmers whose
income is predominantly from farming. Interviews were based on a crop calendar to
indicate the timing of key weather and climate risks.

The simple definition of risk as consequence x likelihood was used to establish the impact

on yield as consequence and chance of occurrence in a 10-year period as likelihood.
Farmers’ risk experience matches well with climate records and risk analysis. Farmers’

rankings of ‘good’ and ‘poor’ seasons also matched up well with their independently

reported yield data. On average, a ‘good’ season yield was 1-5-1-65 times higher than a

‘poor’ season.

The main risks for paddy rice were excess rains at harvesting and flowering and deficit
rains at transplanting. For cotton, farmers identified excess rain at harvest, delayed rains
at sowing and excess rain at flowering stages as events that impacted crop yield and
guality (Table 3). The risk assessment elicited from farmers complements climate analysis
and provides some indication of thresholds for studies on climate change and seasonal
forecasts. The results of the present study show the importance of integrating farmer’s

knowledge and experience to provide important bottom-up feedback to the agromet

advisories on climate risk assessment and management (Nidulomu et al. 2013).

Table 3. Climate risk assessment by farmers and link to crop calendars

Village Crop Crop Stage Climate Farmer Impact on
event experience yield
(in last 10 yrs) (%)
(years)
Gorita Cotton Sowing Deficient rain 1-3 -20 to -40
Blossom Excess rain 2 -20 to -60
Harvest Excess rain 3-4 -20 to -30
Paddy  Transplanting | Deficient rain 5 -30
Rice Flowering Excess rain 2-4 -10 to -15
Harvest Excess rain 2-5 -10 to -35
Bairanpally | Cotton Sowing Deficient rain 1-4 -20 to -45
Blossom Excess rain 5 -20 to -25
Harvest Excess rain 2-5 -10to -30
Paddy  Transplanting | Deficient rain 3-4 -30
Rice Flowering Excess rain 2-5 -10 to -20
Harvest Excess rain 1-4 -10 to -25

6 It was not possible to include all results as part of this report. It was decided to focus on sowing rules, as one
of the most easily adoptable practices to the broadest set of farmers, and cotton, as the main dry season crop.
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Integration: Building farmers’ capacity to observe and act on climate information

One aim of this project was to build village farmers’ capacity to respond to various climate
risks by providing timely information on their local weather, by creating an environment
that allows them to more readily interpret this information and by developing management
strategies for coping with climate variability.

This project used a participatory approach to build capacity to observe and act on climate
information. The approach was trialled in three villages in the Telangana region and
comprises four linked and evolving components:

1. Formation and development of village or farmer climate clubs

2. Preparation and dissemination of agromet advisories

3. Village level meteorological data recording and reporting

4. Participatory development of a seasonal rainfall visualisation tool.

The research undertaken in the ACCA project in India focused on on farm adaptation
strategies and climate risk assessment and management. These activities were closely
aligned with the participation of the members in the farmer climate clubs which were
formed as a part of the project. There was demand from farmers and stakeholders to
consolidate the outcomes and outputs of project activities in a way that farmers could
consult on various farm management activities. This demand catalysed the development
of the Climate Information Centre (CLIC) concept.

Climate Information Centres

The Climate Information Centre was developed as a one-stop information centre that
consolidates information from a range of sources. It is a computer based off-line (with
links to on-line) information system that generates the rainfall visualiser (described below),
and maintains a database of information related to agriculture, livestock, fisheries and
machinery, packaged for easy access. The CLIC system started with the outputs from
ACCA but has grown to be a repository of information — with visuals, videos, narrations
and animations on varied subjects related to agriculture that are easily accessible to
farmers (see Volume 3, Appendix 6).

Software to support the CLIC was developed and is being maintained by WASSAN. The
software is designed to accommodate both predictive information (such as is currently
available via agromet advisories) and static information that can be accessed in context of
the dynamic information. For example, if the agromet advisory warns of the likely damage
that could be expected from a particular pest or disease in the coming five days, then the
user is able to dynamically link to static information about that pest or disease, what are
the thresholds for economic damage and how it might be controlled.

The CLICs are managed by trained facilitators who support equitable access for farmers
and seek to make information available to everyone within the Gram Panchayat (village
geographic boundary).

Key components of the CLICs developed and tested through ACCA include:
a) Agromet advisory

The weather forecast of the IMD is processed by PJTSAU into an agriculture oriented
advisory provided to a local NGO twice a week. It is now presented in a visual format that
farmers can make sense of easily. The agromet advisories are generally pasted in public
locations, broadcast over loud speakers or disseminated through other mechanisms. This
advisory was modified based on user-feedback surveys as part of the ACCA activity (See
Appendix 6 of the Annual Report 2012).
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b) Rainfall Visualiser

This is the cumulative rainfall measured locally and plotted onto a graph where farmers
can view rainfall data in terms of emerging season scenarios and compare them with the
occurrences in the near past. The graph shows:

1. A plot of the current and accumulated rainfall data to date. Rainfall in the village is
measured from a rain gauge set up in the village and measurements are recorded
by a dedicated NGO facilitator/farmer identified and trained for the purpose.

2. Contrasts between this season’s rainfall with a) recent ‘wet’ and ‘dry’ years and b)
the last season, and their trajectories over the season from the last 30 years of
rainfall data from IMD.

3. The probability of ‘finish’, or the probability of the final total rainfall to be expected
in the season (highest and lowest) based on historical data

c) Secure sowing

This helps farmers to decide on the right sowing time to secure proper germination and
growth. The 50 mm rule described earlier is one example.

d) Strategic irrigation

In prolonged drought spells, this secures the crop and increases water productivity (see
previous section)

e) Pests and disease management

This links weather observations to the incidence of pests and diseases and helps farmers
to be prepared and to take appropriate remedial actions, supporting judicious use of
chemicals. This information is sourced primarily from PJSTAU.

CLICs were first launched in 2013 in each of the three project villages. Focus group
discussions were held from July-October 2013 to capture initial feedback on the suite of
practices described above and the general approach taken by the CLICs, which was used
to refine the approach and information provided.

Expansion of the number of CLICs was made possible through WASSAN’s Watershed
program, as well as additional funding from RKVY.’ In August 2015, 33 CLICs were in
operation.

An evaluation of the CLICs was undertaken in 2015, based on a survey of 330 farmers;
and qualitative focus group discussions in 8 CLICs villages. The evaluation considered
aspects such as the use of CLICs (frequency of visits); farmer perceptions on usefulness
of information; changes in knowledge and practice due to CLICs visits and satisfaction
with the CLICs as a source of information; and compared two ‘original’ ACCA villages with
the experiences of six more recently established CLICs. It is still very early to measure the
impact of the CLICs, however the evaluation highlighted farmer preference for video
based information. Farmers responded more favourably regarding the usefulness of pest
and weather information compared to other packages.

Two important aspects can be highlighted when comparing across the villages. Firstly, the
CLICs operator is critical in facilitating access and understanding of the farmers. Where
farmer responses were unfavourable, problems in reliability and accessibility of the
operator had been reported.

Secondly, the responses imply that for some of the packages, such as rainfall visualiser
and agromet advisory, a longer-term relationship is required that fundamentally shifts from

7 Rashtriya Krishi Vikas Yojana - National Agriculture Development Scheme
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information provision to farmers, to farmer engagement with information. Responses from
Bairanpally, where farmers have a longer history of engagement with these concepts
indicated a higher value or perception of usefulness compared to other villages.

Considering the CLICS and adaptation practices against the household types, it is logical
to consider that households with good access to irrigation (4 and 7) are the most able to
implement practices such as critical or alternate row irrigation. However households with
sufficient water had the least incentive to do so. These practices take additional time
compared to current practices and diversion of water saved (e.g. from paddy to cotton)
was not always practical for farmers given the lay-out of fields, irrigation infrastructure and
reliability of power supply.

Literacy and time to access the bulletins were an issue for many households who relied
instead on local NGO staff (working with the project) or other farmers to pass on key
information. Though a relevant issue for all types, this is particularly an issue for SC and
BC farmers in Type 2 a, b and d.

Labour dynamics were prominent in the India case, with targeted government schemes to
retain labour in rural areas perceived by larger land owners (Type 7) to drive up the cost
of labour and exacerbate shortages, while forming a vital income source for otherwise
precariously placed landless labour (Type 1) (Jakimow et al., 2013). Although labourers
are not directly involved as participants in the project, their involvement in agricultural
wage labour means they influence and are directly affected by agricultural adaptation
strategies, especially as they relate to labour saving or new skills for cultivation.

Engagement outcomes

Stakeholder plans for India were developed in 2011 to guide and prioritise engagement
activities. A summary is given in Table 4. Investment in stakeholder engagement has
been documented in trip reports, annual reports and in the stakeholder engagement report
that appears as Appendix 1 in Volume 3.

Table 4. Summary of stakeholder engagement in India

Stakeholder group Engagement objective Stakeholders
Proiect team Cohesion: capacit PJTSAU; LNRMI; WASSAN; IMD;
oject teal ohe ; capacity CSIRO
. . . . Farmers in study villages; farmers in
Farming community Adoption; collaboration

CLICs villages; farmers in other villages

Science exchange; CRIDA: NCMWRF: IWMI: ICRISAT: lITM:

Research community access to data; common CCAFS: other ACIAR projects: general
approach
Local relevance; Village Gram Panchayats; District

District/local gov ; inafi
strict/local govt dissemination Collectors

Dept Agriculture; Dept Rural
Development; Dept Environment; Dept
Panchayati Raj; Irrigation Command
Area Devt, WALAMTARI

Policy or planning
State govt influence; relevance;
dissemination

Policy or planning Ind Meteorology Department; Ind
National govt influence; relevance; Council Agric Research; National
support Rainfed Area Authority; NABARD
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Regional agencies, Dissemination;

: RRA network; WASSAN NGO network
donors, NGOs collaboration nhetwor n

Note: Stakeholders with significant interaction listed only. Bold text indicates the stakeholders with
whom ACCA had the most traction (towards the relevant engagement objective) at the end of the
project.

Many engagement outcomes are described elsewhere in this report. For example, team
cohesion and capacity building are described in capacity impacts (Section 6), while
science exchange is covered in the publications list (Section 8). Two engagement
outcomes are summarised here - adoption and dissemination of project practices and
policy and program influence — as these will form the foundation of the project’s
sustainability and impact in the region.

Adoption and dissemination of project practices

Significant mechanisms for dissemination of ACCA information and practices to Indian
farmers are summarised below and in Table 5. Note that some overlap exists.

a) Dissemination through CLICs

As discussed elsewhere in this chapter, 33 CLICs had been established by the end of the
project; three original CLICs, 18 CLICs in villages associated with WASSAN'’s Watershed
Program and 12 CLICs through Rashtriya Krishi Vikas Yojana (RKVY), the Federal and
State funded National Agriculture Development Scheme to increase growth in the
agricultural sector. The Indian project team estimate that around 8000 farmers now have
access to ACCA results and practices across the 33 CLICs villages.

Currently, project teams are focussed on maintaining the current suite of information
centres beyond the end of the project, rather than on significantly increasing the number
of CLICs. The longevity of the CLICs is largely dependent on securing ongoing salary for
the CLIC operator, who is critical in facilitating access to information and enhancing
farmer understanding and decision making. Progress thus far includes:

e Funding for continuing the WASSAN village CLICs is currently under negotiation with
the Departments of Rural Development and Panchayati Ra,j.

e Six of the WASSAN CLICs have been linked to an Integrated Business Service Centre
model, being established by the District Collector of Mahbubnagar and are likely to
continue.

o RKVY CLICs are funded to the end of 2016, after which funds will be sought from the
village farmer groups. PJTSAU will continue to provide technical support.

¢ In Warangal district, a Farmer Producer Organisation is interested in funding and
running the Bairanpally CLIC, with support from WASSAN.

e Another CLIC has recently been sponsored by a local area member of parliament, with
concomitant federal funding for 5 years.

¢ Interest has been expressed by NABARD in outscaling CLICs beyond the project. A
number of funding models have been discussed, including incorporation in NABARD’s
infrastructure development portfolio

b) Dissemination through media and community engagement

In addition to delivering agricultural information through CLICs, ACCA practices and
approach (eg sowing rules, strategic irrigation approach, rainfall monitoring and
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comparison) were incorporated into existing PJTSAU and new dissemination
mechanisms. These include:

o PJTSAU uses local television and radio stations to broadcast its agro-advisories once
or twice a week during the growing season. Theoretically, this gives 5.5 million farming
households access to ACCA information.

o 2500 farmers currently receive PJTSAU's agro-advisories by SMS and/or email.

e Telugu language posters containing ACCA recommendations have been created and
delivered by WASSAN to all 8,700 villages in Telangana.

e Three WASSAN watershed villages trialled a connection with local schools (500
students each) to deliver ACCA and agro-advisory messages at school assemblies to
create awareness in students’ families.

o PJTSAU's local exhibition exposed around 50,000 people to the agro-advisory and
ACCA approaches.

¢ Video shows based on agro-advisories were organised in 12 villages, with around 100
farmers attending each show.

¢) Training farmers and agricultural officers

Training packages were delivered throughout the project, particularly in the later years.
Some training was project specific and some formed part of broader training initiatives in
Telangana. ACCA practices that focus on monitoring weather and tailoring farm
management practices accordingly were central to this training.

Significant training outcomes delivered by the PITSAU team include: 1600 district level
agricultural officers; 120 farmers in RKVY project villages; 150 farmers aged 18-35 years,
as part of the Young Progressive Farmers program; and 60 farmers from the State
Farmers Federation.

The PJTSAU team also conducted training programs for university staff working in
agriculture. So far, there have been 12 training programs with around 25 staff in each. In
addition, there are plans to incorporate the CLICs approach into the Agriculture Diploma
(a two year course after Year 10 of secondary school) of 20-25 Polytechnic Colleges,
which will reach around 1200 students each year.

Table 5. Summary of current and potential dissemination of ACCA practices in Telangana
State, India.

Disseminating Current reach Potential reach (3-5 years)
group
CLICs CLICs established in 33 villages 12 RKVY CLICs have State funds to
across Telangana; Indian project 2016.
team estimate around 8000 :
farmers now have access to 8 CLICs have other funding secured.
ACCA information. Funding for 12 WASSAN CLICs under
negotiation with DRD, DPR and
NABARD
Media and 2500 farmers receive weekly SMS | Likely that SMS, local media and
community I pamphlet mechanisms will continue
engagement :ﬁzteer: distributed to 8700 after project; continuity of other
9 mechanisms unclear.
1200 farmers view video shows
1500 school children informed
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Possible weekly media exposure
of 5.5 million households

Training farmers and | 1600 district level agric officers Difficult to predict which training
agricultural officers 120 RKVY farmers g?;ggfls will continue beyond the

150 Young Progressive Farmers Plans to include CLICs in Agriculture

60 Farmers Federation farmers Diploma of 20-25 Polytechnic

. Colleges, reaching 1200 students
300 PJTSAU agric researchers annually.

Note that these are estimates of possible exposure to ACCA components, not estimates of
adoption.

Policy and program influence

Despite major political upheaval in the last two years of the project, ACCA can report
influence in several important areas:

a) Mainstreaming CLICS

The adaptive and integrated approach taken by the project has resulted in the CLIC’s
reputation as a replicable and locally beneficial agricultural development entity. In 2013,
there were three pilot CLICs; by mid 2015, there were 30 more active CLICs. Although the
software, hardware, content and training have now been tested and distilled, the system
allows for adjustments to be made to meet local information and delivery needs.

Despite alignment with departmental initiatives and opportunities to expand the CLICs
network, the project teams have not yet found an ongoing institutional home for CLICs in
state departments. Consequently, the Indian teams have refocussed efforts on embedding
the CLICs concept in hon-governmental initiatives and have also been successful in
attracting funding from diverse sources who see their value — from farmer organisations to
the national agricultural bank.

In addition, discussions are underway to incorporate the CLICs concept into the CCAFS
program’s Climate Smart Villages initiative and the MSSRF's Village Knowledge Centres
initiative.

b) IMD support for agro-advisories

The ACCA project has directly supported IMD’s mandate for the preparation and delivery
of medium term weather forecasts (3-5 days) nationally, and the production and
dissemination of agro-met advisories at district level, in collaboration with relevant state
agencies (eg PJTSAU).

ACCA has provided a trial of agro-advisories that marry IMD forecasts with management
recommendations that encompass variation in farm enterprise across multiple districts. In
addition, new methods of delivery (eg via SMS, CLICs and email) and presentation (eg

pictorial rather than textual, to account for literacy) were tested based on user evaluation.

IMD have endorsed ACCA'’s integrated approach and adaptive improvement and is
supportive of IMD information and forecasts being disseminated through agro-advisories
and the CLICs network. PJTSAU is working with IMD on documentation, development of
training material and options for replication beyond Telangana.
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8.2 Bangladesh

Country focus

Accessibility to existing high quality datasets from IRRI and a comparatively easier
environment to generate new high quality data meant that the primary focus in
Bangladesh was the development and validation of the cropping systems model APSIM.
The development and validation was implemented with data from past and ongoing trials
by IRRI and additional on-station trials in collaboration with Bangladesh research partners.
Bangladesh was different to the other three countries in the project, in that detailed
farmer-consultation was not undertaken in the development of adaptation options.

Social research into determinants of adaptive capacity was conducted in the southwest of
Bangladesh (Khulna district), recognised as climatically one of the most vulnerable areas.
However, due to budget constraints the same level of activity in on farm research as in the
other three countries was not planned, but through linkages with other IRRI projects, we
conducted some limited on farm research in Khulna.

The main partner in Bangladesh is IRRI, supported by collaborators from the Bangladesh
Agricultural Research Council (BARC), Bangladesh Agriculture Research Institute (BARI)
and the Bangladesh Rice Research Institute (BRRI). Social research was carried out by
the Socio Economic Research and Development Initiative (SERDI), an independent
research organisation.

Site information

Two contrasting locations were chosen for the experimental work in Bangladesh. The
Gazipur site located on the BARI/BRRI campus near Joydepur was selected because it
allowed well controlled on-station experiments to be set up, and provided a non-saline soll
environment to validate APSIM-ORYZA. The second set of sites was in the Khulna
district, one site in Dacope upazila, the other on the BARI regional research station near
Satkhira. Here we established on farm trials under saline soil conditions.

Q 5 Gazipur
s [(non-saline)
A

Satkhira

(salt

affected)
Khulna s o
(salt affecté'd) OF BENGAL

Figure 11. Study sites in Bangladesh
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The social research was carried out in two contrasting villages, one with a higher
exposure to salinity and with a lower capacity to adapt (Laxmikhola), the second having a
lower exposure to salinity and more cropping options because of a lower level of salinity
(Kismatfultola).

Kismatfultola located in Batiaghata upazila is subsistence-oriented. Rice is grown as a
household staple and any surplus is sold. In the dry season, households may do small
areas of dry season cropping, raise livestock or breed fish, though limited fresh water
constrains most agricultural activities.

Laxmikhola in Dacope upazila has until recently been dominated by the shrimp industry.
Shrimp production, which uses saline or brackish water in ponds, has increased soil
salinity in agricultural fields to a point where it becomes unfeasible to grow rice any longer,
thus creating major problems of food security. As a result some farmers had returned to
rice production to safeguard their livelihood portfolios and their subsistence base. In the
five years since the project started, there is evidence that farmers in some areas of
Khulna have developed strategies to reduce soil salinity problems in shrimp (Kabir et al
2015).

Cropping calendars

Typical cropping sequences for the Gazipur area are shown below. In the Khulna area,
the most typical cropping sequence still is a single rainfed crop of T. Aman (the main
kharif or wet season rice) rice followed by fallow. Where there is some access to (surface)
irrigation water, this may be followed by a boro rice crop in the dry (or rabi) season, or
some irrigated vegetable crops (T1 in Figure 12). T1 represents the most widespread
cropping sequence.

J F M A M J J A S o] N D

Irrigated dry season rice (Boro) Monsoon rice (T. Aman) T1

Shorter season rice (Boro) _ Monsoon rice (T. Aman) T2
Mustard (cash crop) _ Monsoon rice (T. Aman) T3

Maize (cash crop) Mungbean (cash) Monsoon rice (T. Aman) T4

Figure 12. Cropping calendar representation of options explored in the non-saline Gazipur
region, Bangladesh.

Household types

Household types in Bangladesh have been derived from the two coastal villages in Khulna
district described above. Key variables for defining types in Bangladesh have been (a)
extent of soil and water salinity, which severely constrains options for agricultural
production; (b) access to urban and regional centres, which limits households’ ability to
access markets and labour opportunities; (c) wealth ranking which summarises eg access
to land, information, access to credit, savings and literacy.
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Table 6. Summary of household types, Bangladesh

salinity, poor connection to regional
centres.

Type | Key characteristics Key constraints
1 Type 1: Better off households, affected by Soil and water salinity
moderate salinity, well connected to
regional centre.
2 Medium households, affected by moderate | Soil and water salinity; water availability for
salinity, well connected to regional centre. irrigation; limited alternative options to
agriculture; cost and increasing
requirements for inputs
3 Poor households, affected by moderate Untimely rain; increasing salinity; high
salinity, well connected to regional centre. input cost; feed shortages for livestock;
time / [abour constraints
4 Landless households, affected by No access to land; dependence on
moderate salinity, well connected to communally held natural resources; limited
regional centre. employment opportunities within the
village
5 Better-off households, affected by high Soil and water salinity; availability of
salinity, poor connection to regional centre. | fodder; access to market/price for goods
6 Medium households, affected by high Water salinity; access to fresh water; high
salinity, poor connection to regional centre. | input costs; low yield; market access (poor
transport)
7 Poor households, affected by high salinity, | Soil and water salinity; price and
poor connection to regional centre. availability of fodder
8 Landless households, affected by high Lack of local demand for labour; access to

loans; price and availability of fodder

Crop diversification is easier for households in Types 1 and 5, who have generally better
access to government institutions and information, which facilitates access to improved
inputs (including varieties) as well as the skills, financial and land resources to implement
alternatives. The medium and disadvantaged household types achieve lower yields than
advantaged farmers due to poor capability to adopt better equipment and practices.
Polder management, which helps manage fresh/salt water flows, is managed at a
community level, however the needs of larger land holders (i.e. Types 1 and 5) are
prioritised (Khan & Griinbihel, 2012).

Model development

The primary focus of the ACCA work in Bangladesh was the development and validation
of the cropping systems model APSIM. In the early phases of ACCA, this entailed the
validation of the POND module to reflect the changes in soil carbon and nitrogen
dynamics as the soil environment transitioned between aerobic (dryland) and anaerobic
(ponded) conditions, and capturing the input of organic matter and fixed nitrogen through
algae. This was followed by a more widespread validation across multiple sites. In the
third and current phase of model development, we concentrated on developing rice-crop
salinity response routines within both the ORYZA2000 rice model and in the APSIM-
ORYZA model. ORYZA2000 was incorporated into the APSIM framework in 2006, and a
summary of changes implemented to the original ORYZA2000 model has been reported
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(Section 11.3, paper 25).

Simulating carbon and nitrogen dynamics during transitions between flooded and non-
flooded soils

The APSIM model was designed to simulate diverse crop sequences, residueltillage
practices and specifications of field management options. However, it was previously
unable to simulate processes associated with the long-term flooded or saturated soill
conditions encountered in rice-based systems, primarily due to its heritage in dryland
cropping applications.

To address this shortcoming for use in rice-based systems, modifications were made to
the APSIM soil water and nutrient modules to include descriptions of soil carbon and
nitrogen dynamics under anaerobic conditions. We established a process for simulating
the two-way transition between anaerobic and aerobic soil conditions occurring in crop
sequences of flooded rice and other non-flooded crops, pastures and fallows. These
transitions are dynamically simulated and driven by modelled hydraulic variables (soil
water and floodwater depth).

Our assumptions included a simplified approach to modelling oxygen transport processes
in saturated soils. The improved APSIM model was tested against diverse, replicated
experimental datasets for rice-based cropping systems, representing a spectrum of
geographical locations (Australia, Indonesia and the Philippines), soil types, management
practices, crop species, varieties and sequences. The model performed equally well in
simulating rice grain yield during multi-season crop sequences as the original validation
testing reported for the stand-alone ORYZA2000 model simulating single crops (n = 121,
R? = 0.81). This suggests robustness in APSIM’s simulation of rice-growing environments
and provides evidence of validity of our modifications and practicality of our assumptions.

Aspects of particular strength were identified (crop rotations; response to applied
fertilisers; the simulation of bare fallows), together with areas for further development work
(simulation of retained crop stubble during fallows, greenhouse gas emissions). These
model improvements have been published in a paper which was awarded the European
Journal of Agronomy’s ‘Paper of the Month’ award for September (Gaydon et al. 2012).

Simulation of algal inputs into rice systems

Photosynthetic aquatic biomass (PAB; algae and other floodwater flora) is a significant
source of organic carbon (C) in rice-based cropping systems. A portion of PAB is capable
of fixing nitrogen (N), and is hence also a source of N for crop nutrition. To account for this
phenomenon in long term simulation studies of rice-based cropping systems, APSIM was
modified to include new descriptions of the biological and chemical processes responsible
for loss and gain of C and N in rice floodwater.

We used well-tested algorithms from CERES-Rice, together with new conceptualisations
for algal dynamics, in modelling the contribution of PAB to maintenance of soil organic C
and soil N-supplying capacity in rice-based cropping systems. We demonstrated how our
new conceptualisation of PAB growth, turnover, and soil incorporation in flooded rice
systems facilitates successful simulation of long-term soil fertility trials, such as the IRRI
Long Term Continuous Cropping Experiment (35+ years), from the perspectives of both
soil organic carbon levels and yield maintenance.

Previous models have been unable to account for the observed maintenance of soil
organic C in these systems, primarily due to ignoring inputs from PAB as a source of C.
The performance of long-term rice cropping system simulations, with and without inclusion
of these inputs, was shown to be radically different. Details of these modifications to
APSIM-ORYZA are presented in detail in Gaydon et al. (paper 3, section 11.2), together
with evidence that the model is now a useful tool to investigate sustainability issues
associated with management change in rice-based cropping systems.
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General validation of APSIM-ORYZA

In addition to using the high quality dataset generated in Gazipur (one of three validation
datasets that allow for validation of multi-year crop sequences), the comprehensive
validation of APSIM-ORYZA was undertaken in conjunction with other projects (SAARC-
Australia project) and by accessing a wide range of other datasets. A total of 32 datasets
across 12 countries in Asia have been used in this exercise. The results show that APSIM
performs very well in most of the diverse rice growing environments of South and
Southeast Asia. The paper also highlights a few areas requiring further model refinement
(e.g. to represent soil structure dynamics under Conservation Agriculture tillage regimes;
better evaporation routines). The paper by Gaydon et al. capturing these results is
currently undergoing internal CSIRO review and is due to be submitted to Environmental
Modelling and Software (Volume 2, Appendix 1).

Defining and testing a salinity response function

The objective of this major activity was to improve the cropping system model APSIM-
ORYZA to account for salinity stress and reliably represent the performance of rice
production systems under salt stress conditions. A salinity module has been developed
by incorporating a new algorithm to compute soil salinity dynamics in the solute
component of APSIM and to simulate the consequent rice crop responses through
physiological processes related to water deficit and ion toxicity. The improved model was
validated with field observations and their performance to represent rice production under
salinity stress was estimated.

A greenhouse experiment was conducted at IRRI Los Bafios in 2011, with four salinity
levels and three rice varieties of differing salinity resistance. Two seasons of field
experiments were completed in 2012 to calibrate the model, with four salinity levels, three
replications and sub-plots of N application rate. Two seasons of validation experiments
were undertaken on two project sites with naturally occurring salinity issues: Infanta in the
Philippines and Satkhira in Bangladesh. Three scenarios of irrigation management were
imposed on three replications.

APSIM-ORYZA (and the IRRI-Wageningen rice model ORYZA2000) now possesses a
capability to simulate rice crop response to salt stress. The model captures varietal
differences in salt tolerance, as well as responding to different temporal increases or
reductions in salt stress (seasonal salt dynamics), and the interactions with N and water
stress. Figure 13 illustrates the crop response function.
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Figure 13. Example of crop biomass response with time to different salinity levels.

Two years of independent model validation experiments have how been successfully
completed in two naturally-occurring saline rice growing areas with uncontrolled seasonal
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salt dynamics (Satkhira, Bangladesh and Infanta, Philippines; year one simulated results
shown in Figure 14 for Infanta).
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Figure 14. Performance of the model in simulating the crop production under different
salinity levels at Infanta, Philippines (2013).

The ability of the APSIM soil modules to simulate seasonal dynamics of salt in the soil is
obviously critical to simulation of system performance, quite independent of the
confidence in the rice-crop model salinity response. Figure 15 illustrates the performance
of APSIM in simulating the soil salinity dynamics for Satkhira, Bangladesh for the saline
and non-saline treatments in 2013. At both Infanta and Satkhira, the second year's field
data is still being received and validation simulations finalised.

Results of this activity were presented at the International Rice Congress, Bangkok,
October-November 2014 (see conference papers 53, 67 and 68, section 11.3) and a
number of manuscripts have been submitted for consideration (Volume 2, Appendices 2-
4).

soil_condition

7.54 v/ ®  OBSERVED,ECAll observed soil
v SIMULATED, dsm,Salinity
SIMULATED, dsm, AFSmix

v SIMULATED, dsm,No salinity

EC, dsm

0 50 100 150 200
DSim, simulation_days

Figure 15. Ability of APSIM to simulate soil salinity dynamics.
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Development of rice crop module for APSIM

A rice crop module for the new APSIM_X version is planned for coming years, allowing
simulation of rice-base crop production systems under current climate and future
conditions by integrating additional formalism or libraries specific for rice into the Plant 2
Structure of the new APSIM_X farming systems model, which is currently under
development. This avoids the ongoing need to manually upgrade the ORYZA module
within APSIM.

The framework was based on a generic crop template which aims to provide flexibility in
the choice of detail and complexity in the representation of the system. The official release
of the prototype of this framework was August 2014 with different major crops e.g. wheat,
barley, potatoes, however full functionality will not be available until 2017-18.

Modelling scenarios — examples of APSIM-ORYZA applications in Bangladesh

A number of scenario analyses have been performed with the aim of evaluating options to
manage salinity through earlier establishment (Dacope and Satkhira) and increase
cropping intensity (Gazipur). Results are discussed briefly below (for more detail see
Akhter et al. 2014, paper 1, section 11.2; and Gaydon et al in prep, Volume 2, Appendix 1
and Radanielson et al in prep, Volume 2, Appendix 2-4).

Managing salinity — Dacope and Satkhira sites

In the southern saline-affected coastal regions of Bangladesh, earlier maturing wet
season (T. Aman) rice crops (or earlier established T. Aman rice crops) allow earlier
establishment of the following rabi crops (such as cowpea or irrigated boro rice). This
resulting earlier second crop establishment is expected to increase the chance of
successful harvest before solil salinity levels in the rabi season have built up to toxic
levels. Earlier establishment of the rabi crop will also decrease the likelihood of
waterlogging problems from early wet-season rains. The APSIM model has been used to
examine the long-term production risk associated with such changed establishment dates,
using both historical weather data (1961-2009) and also projected future climate data
(2020-2040; using the ECHAMS5 and GFDLCM21 GCMs, locally downscaled using
methods of Kokic et al. 2011).

The scenarios examined were:

¢ Arange of T. Aman sowing dates (day 170 to day 230, at 10 day intervals), particularly
examining the effect on T. Aman grain yield. Both a ‘local’ T. Aman variety and an
improved (BR23) variety were simulated.

e Foreach T. Aman sowing date, rabi season crops were subsequently sown and the
average performance and variability in their grain production similarly examined. This
provided simulated performance at a range of sowing dates for the following crops:

0 Relay-sown cowpea (established earlier by sowing directly into wet T. Aman
stubble)

0 Sequentially-sown cowpea (typical current practice)
0 Sequentially-sown boro rice (typical current practice)

Each of these sowing-date scenarios was simulated using historical climate data for
Khulna (1961-2009) and also with projected future climate data (2020-2040 using both
GCMs). The soils and crop parameterisations were for Parchalnha, Dacope upazila.

Figure 16 shows the simulated performance of crops for different sowing dates in Khulna,
using historical data. The green (dark) columns correspond to sowing dates in our ACCA
experiments at the site.

Page 68



Final Report: Developing multi-scale adaptation strategies for farming communities in Cambodia, Lao PDR, Bangladesh and

India

5000

4000

3000

2000

Grain Yield (kg/ha)

1000

7500

7000

6500

6000

5500

5000

4500

Grain Yield (kg/ha)

4000
3500

3000

3000

2500

2000

1500

1000

Grain Yield (kg/ha)

500

b forexp.

T.Aman Rice Yields

'local’ variety (1976-2007) ngrs\;ﬁgty

forexp
soWing date

sowing date

200LV 170 180 190 200 210 220 230
Sowing day (1-365)

Boro RiceYields

current boro rice (1976-2007)
sowing date

260 270 280 310 320 330 340350360 5 15 25 35 45
Sowing day (1-365)

Cowpea grain yields
(1976-2007)

current relay

sowing date current
sequential

/ sowing date

/

330 340 350 360 5 15 25 35 45 60 70 80
Sowing day (1-365)

Figure 16. Simulated effect of sowing date on yield performance of (top) T. Aman rice, and
subsequent rabi season crops in rotation, (middle) boro rice; and (bottom) cowpea, using
HISTORICAL climate data. The columns illustrate average grain yields (1961-2009) whilst
the error bars illustrate the variability in production (one standard deviation either side of
the average).
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The key results in Figure 16 are:
For T. Aman rice (Figure 16 top)
o BR23 outperforms the local T. Aman variety, and always finishes markedly eatrlier.

e The experimental sowing dates for BR23 were shown to be optimum timing for
maximising T. Aman yields, but not necessarily for maximising system yields (ie
the T. Aman and the following rabi crop). For example, cowpea would have yielded
much more if sown earlier, whereas the T. Aman would not have been greatly
affected — leading to greater system grain yield).

e Sowing BR23 later results in sharply decreasing yield likelihood (finishing water
stress). Sowing earlier shows a much less significant decrease in yield result.

For boro rice (Figure 16 middle)

e Sowing boro rice a month or more earlier would result in significant potential yield
reductions, due to low temperature sterility.

e Sowing boro rice 2-3 weeks either side of the current planting date does not
greatly affect yield.

For cowpea (Figure 16 bottom)

e The success of cowpea cultivation in Dacope is very dependent on time of sowing
— ‘relay’ is considerably more advantageous than ‘sequential’.

e This graph only shows water-limited potential cowpea yield (no salinity effects yet).
Increasing salinity levels with time will make this trend even sharper, exemplifying
the benefits of earlier sowing.

Figure 17 shows the same graphs using projected future climate data. Only graphs for the
GFDLCM21 GCM (the more extreme future) are shown. They key points are:

For T. Aman rice (Figure 17 top)

¢ Increased yields overall, no effect on optimum sowing date, or the relative effect of
sowing eatrlier.

For boro rice (Figure 17 middle)

e The penalty for sowing earlier is removed (warmer conditions now overcome the
low temperature sterility problems associated with earlier historical sowings).

e The optimum sowing date is clearly changed in the future, with earlier sowings
likely to give advantages.

For cowpea (Figure 17 bottom)

¢ No change predicted regarding cowpea sowing date effects, just expected yield
increases in future.

e The best results with cowpea still occur with sowing as early as possible.
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Figure 17. Simulations (as per Figure 16) using FUTURE (2020-2040) climate data. Model
outputs using only the GFDLCM21 GCM (more extreme future climate) shown.

In summary, earlier establishment of both T. Aman rice and subsequent rabi season crops
has been shown to be possible in the southern cropping districts of Khulna (Manoranjan
Mondal, pers. comm.) and this analysis has shed some light on the potential long-term
benefits of this strategy under both historical and future climates. According to Mondal,
many farms/villages have the possibility to store enough fresh water to allow earlier
establishment of the rice nursery crop, so that transplanting to the main field can occur
immediately upon commencement of the monsoon, rather than the current practice of
commencing the nursery phase upon the start of the monsoon. This could potentially
allow up to a 30 day time advantage in early sowing, and avoid submergence of the crops
at young stages.

At the tail end of the T. Aman crops, Mondal has also demonstrated that up to 75% farmer
per village locations are capable of artificially draining tail-end water from the T. Aman
fields through judicious use of low-tide levels and polder gates. Although this would
require significant community co-ordination of the process (use of the gates by the
community etc.), if implemented it could allow a further 14-30 day gain in the earliness of
establishing the following rabi crop.
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This modelling scenario analysis has illustrated the potential gains in crop production that
are possible if such practices (early T. Aman establishment, improved high-yielding short-
season T. Aman variety, plus early T. Aman drainage at harvest) could be implemented.
Clearly under both historical and likely future climates, this would give farmers a
considerably greater confidence of crop success, and add the increased resilience of
having a much greater chance of a second (rabi) crop in this primarily single-crop
environment.

Increasing cropping intensity — Gazipur

Our aim in Gazipur was been to evaluate options for increasing cropping intensity, using a
combination of field experiments and modelling. The Bangladesh team focussed on a
range of researcher-identified, best-bet, multi-crop sequences. Scenarios explored in
Gazipur were (see also Figure 17 above):

T1: Boro rice — Fallow - T.Aman rice (control)
T2: Boro rice -T.Aus rice -T.Aman rice

T3: Mustard - T.Aus rice - T.Aman rice

T4: Maize — Mungbean - T.Aman rice

Scenarios were compared based on grain yields and gross margins (from an irrigated
perspective and also total applied water). Water productivity was defined as profit earned
per millimetre of water applied.

Figure 18 illustrates the grain yields simulated for each of the cropping system scenarios
investigated, under both historical and project future climates. Figure 19 and Figure 20
illustrate these results converted into gross margin (GM) and total water productivity (WP~
= GM/ (irrigation + rainfall).
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Figure 18. Grain yields associated with each of the investigated cropping systems
scenarios (T1-T4)
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adaptation options T1-T4, under the project future 2030 climate (ECHAMS5).

Results indicate that cropping intensification can be successfully achieved in central
Bangladesh under current weather patterns (as represented by the historical climate), and
that increased gross margins and water productivity result. But given tight timelines for
achieving successful 3-crop systems in any part of the world, it's all about choosing the
right varieties, timeliness, and smart agronomy (sowing dates, practices etc).

Simulations indicate that these intensification strategies would provide similar benefits
under projected 2030 climates. In fact they were shown to have enhanced value over

current practices, in a future climate.

The most successful strategies for increasing profit and water productivity of those
investigated, involve substantial use of crops other than rice. Their value is tied to market
suitability and a range of other pertinent research questions arise for the people of
Bangladesh. How sensitive are the results to changes in costs/prices? What about food

security concerns?

Bangladesh is marginally food secure, and this is based on rice production. Reductions in
rice production could have wider implications, and more research at a national scale is
required before a recommendation to any group of farmers is given. Research into
implications and requirements at a policy level, via facilitation of seed supply, irrigation
laws, policy on rice production requirement, and marketing assistance for new products

are also clearly warranted.

Full sustainability polygons have not yet been developed for the Bangladesh for the
following reasons. Gross margins presented are preliminary and are currently the subject
of a John Allwright Fellowship funded PhD dissertation by Jahangir Kabir (UQ). Results
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will be compiled and published separately as part of Jahangir's thesis. This analysis is
also yet to incorporate the studies on greenhouse gas emissions which are included for
the other three countries. This will represent an important consideration, and will be the
subject of a journal paper in preparation with Jahangir and other members of the
Bangladesh ACCA team.

Engagement outcomes

Stakeholder plans for Bangladesh were developed in 2011 to guide and prioritise
engagement activities. Explicit scaling activities for Bangladesh ceased in 2012, in favour
of a stronger country focus on model development. Initial and subsequent engagement is
summarised in Table 4.

Investment in stakeholder engagement has been documented in trip reports, annual
reports and in the stakeholder engagement report that appears as Appendix 1, Volume 3.

Table 7. Summary of stakeholder engagement in Bangladesh

Stakeholder group

Engagement objective

Stakeholders

Project team

Cohesion; capacity

BARI; BRRI; SERDI; IRRI; CSIRO

Farming community

Adoption; collaboration

Participating farmers in Dacope and
Satkhira

Research community

Science exchange;
access to data; common
approach

BARC; BRAC; BIDS; CIMMYT; CPWF,
CSISA; SARCAAB project; other
ACIAR projects; general

Upazila govt agencies

Local relevance;
dissemination

Dept Agricultural Extension

National govt agencies

Policy or planning
influence; relevance;
support; dissemination

Comprehensive Disaster Management
Program; Bangladesh Water
Development Board; Dept Agricultural
Extension; Climate Change Cell; Dept
Meteorology

Regional agencies,
donors; NGOs

Dissemination;
collaboration

FAO; UNDP; DFAT; ActionAid; Practical
Action; BRAC

Note 1: Stakeholders with significant interaction listed only. Bold text indicates the stakeholders
with whom ACCA had the most traction (towards the relevant engagement objective) at the end of

the project.

Note 2: A review in 2012 shifted the emphasis in Bangladesh from farmer engagement and explicit
scaling activities to further refinement of the APSIM cropping model and subsequent institutional
capacity building through ACCA and the sister project LWR/2010/033.

Adoption and dissemination of project practices

As noted earlier, the primary focus for ACCA work in Bangladesh was model development
and capacity building, which was achieved with ACCA and the SAARC-Australia project.

As project-related engagement with farming communities in the target regions of Khulna
ceased in 2012, no explicit dissemination strategy for project practices was initiated.
However, some scaling of ACCA practices has occurred (or is projected to occur) by
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connections with other projects and initiatives working in the same or similar districts.
These include:

e The Bangladesh component of CSISA, through connections with IRRI and key staff
who were formerly in the ACCA project

e The farm scale components of the CPWF in southwest Bangladesh, through IRRI
researchers and the CGIAR Water, Land and Ecosystems program

e Co-investment with IRRI's SARCCAB project for on farm trials near Khulna using
ACCA adaptation practice options

e The new ACIAR project on cropping systems intensification in salt-affected areas of
coastal southern Bangladesh (LWR-2014-073)

Policy and program influence

The nature of engagement with decision makers in policy and regional programs changed
significantly during the project. After 2012, discussions shifted from climate variability and
community adaptation to building institutional capability in farming systems modelling.
ACCA's target stakeholders changed from departments and programs with carriage for
climate change and adaptation to those charged with research capacity and planning.

Despite these disruptions, ACCA can report influence in a number of agencies.

Briefings with the Comprehensive Disaster Management Program (CDMP) yielded early
policy influence through discussions on how ACCA outputs could underpin the CDMP’s
work in climate adaptation. The recognised entry point was upazila level preparation of
Disaster Management Plans that explicitly address disaster risk reduction, preparedness,
recovery and adaptation. CDMP’s recommendation was for collaboration on a pilot study,
formalised by a Memorandum of Understanding with IRRI.

One of the most significant legacies of ACCA and SAARC Australia is the enhanced
capacity in systems analysis and modelling in Bangladesh (and other SAARC countries)
agricultural research institutes. There is now a critical mass of active modellers, working
across institutional boundaries, training and mentoring new researchers.

Engagement through direct and sustained interactions and awareness workshops has led
to enhanced institutional support for modelling from NARS chiefs and the aspiration of the
BARC Chairman to establish greater modelling capacity within BARI and BRRI.

Another projected policy outcome is the intent that modelling will be increasingly be used
to inform policy making — particularly around trade-offs and evaluation of options to adapt
to changes in climate - in the agricultural research institutes of Bangladesh. This will lead
to more balanced decision making and targeted use of research funds.
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8.3 Cambodia

Country focus

The emphasis for Cambodia was on targeted testing and dissemination of adaptation
options in lowland rice-based cropping areas of Svay Rieng Province, such as direct
seeding, use of short duration rice varieties, and improved nitrogen management. Svay
Rieng was selected because it is one of the least developed of the lowland rice areas in
Cambodia, but at the same time harbours potential for adaptation because there is access
to groundwater and some surface irrigation water.

The research focus was complemented by capacity building of farmers and extensionists
in response farming, underpinned by social research to match adaptation options to local
adaptive capacity and household livelihoods. Links to existing initiatives such as iDE’s
Farmer Business Advisor program, and strong local support from a proactive Director of
the Provincial Department of Agriculture were additional reasons for working in Svay
Rieng.

The collaborating institutions in Cambodia were the Department of Agricultural Extension
(DAE), the Cambodian Agricultural Research and Development Institute (CARDI), the
NGO International Development Enterprises Cambodia (iDE Cambodia, latterly Lors
Thmer) and the Svay Rieng Provincial Department of Agriculture (PDA).

Site information

Project teams worked closely with households in three villages in Svay Rieng province.
Koul village (Svay Ang commune) and Kbal Damrey (in Svay Yea commune) share similar
rainfed farming systems. Koul has access to irrigation from a canal; however water supply
is unreliable and only accessible to those households with land adjacent to the canal. At
the start of the project, Kbal Damrey had no formal irrigation system, with a small number
of households having access to groundwater tube wells. Since then, a canal has been
built in Kbal Damrey, though access and reliability of supply will remain an issue for
households further from the canal.

Chea Ressey is
characterised by a recession
Db e B S rice system, in which the
et inom Penh CAMBODIA R e : ;
bt e " main rice crop is grown in the
Hi;‘.:'_{‘ ' flood waters as they recede
~AMBOINIA ™ at the end of the monsoon
CAMBODIA
season. Only those
Neak'Leung 1= households with larger land
ferry ) - Koul and Kbal Damrey areas are able to focus on
) i o agriculture. The local river
N e delineates the border with
svay Rieng @ 1! ' Vietnam, and strong
fte=" " Chea Reasey -+  relationships have been built
: — —ra L between farmers in Chea
a0 Ressey and Viethamese
foerio traders and farmers. Seed
and other inputs flow into
Cambodia, while harvest and
labour flow into Vietnam. These households are often poor and stuck in cycles of debt
with Viethamese lenders. Most rely on external income from wage labour.

P
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Cropping calendar

Wet season rice production in Svay Rieng province has traditionally focussed on the
growing of local varieties of medium duration lines that mature in 130-140 days. Seedling
nurseries are established and land preparation commenced once the monsoon is well
established. Commonly, the seedling nursery is established in June, with transplanting in
July. Where available, irrigation water from ponds, canals or tube wells is used to
supplement rainfall during dry periods which often occur in August/September. Yields
have been relatively low (between 2 and 2.5 t/ha), as a result of genetically inferior
varieties, low levels of nutrition and poor agronomic practice.
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Figure 21. Crop calendar for traditionally planted wet season rice in Svay Rieng Province.
Note that the shaded area is the window of opportunity for a specific task.

While farmers are able to meet their household needs in most years, social research
suggests that this is becoming more difficult due to the increasingly variable climate,
particularly the impacts of drought and floods on production, and social and economic
factors that include the effect of rural migration on agricultural labour supply.

Household types

Household types were developed based on Agro-Ecological Assessments (a series of
rapid rural appraisal tools such as wealth ranking and community mapping) and
workshops with the broader project team. Household types were developed according to
four key factors: type of farming system; access to land; access to irrigation; and labour
(Table 8).

Recession rice (types E and F) has different cycles, land tenure arrangements and is
characterised by limited but fertile land resources in proximity to the main irrigation canal
or river. Situated on the border to Vietnam the farm economy is intricately connected to
communities on the other side. Seed and other inputs, as well as harvests and labour are
transferred across the border.

By contrast, types A — D share similar systems marked by different access to
supplementary water, which provides some protection against risk of drought and options
for vegetable production. Households with sufficient land remain focused on agriculture
and continue improving/maximising productivity with potential to diversify into other
activities. Those with insufficient land keep farming to reduce food pressure but divide
labour between subsistence farming and wage labour.
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Table 8. Summary of household typology, Cambodia
Type | Key characteristics Key constraints
A Small, rainfed farmers with no irrigation and | Small land size; high debt levels; limited
high levels of migration. capital to access inputs / equipment
B Large, rainfed farmers with limited Access to irrigation
irrigation.
C Small, mainly rainfed farmers with limited Access to water; small land area; high
irrigation and high levels of migration. commodity prices; small land area; high
commodity prices
D Large mainly rainfed farmers with access to | Limited water in the canal; lack of control
canal irrigation. over canal water; high commodity prices
E Small recession rice farmers with no Dependence on wage labour; dependency
irrigation. on Vietnamese traders and use of VN504
variety; indebtedness
F Large, recession rice farmers with no High competition for labour / labour
irrigation. shortage; dependency on relationship with
Vietnamese traders (though farmers
themselves do not perceive this as a
constraint)

On farm research

A patrticipatory approach was used to investigate options to increase the flexibility of the
cropping system to meet ongoing production challenges, acknowledging that there cannot
be a ‘one size fits all’ solution, due to the differing aspirational goals and livelihood
trajectories of individuals. Consequently, on farm research explored a range of potential
opportunities, anticipated to meet the needs of a broad range of livelihood types.

These vary from the small subsistence farmer wishing to grow sufficient rain-fed rice to
meet food security requirements and using surplus family labour in off-farm enterprises, to
those who see farming as their main enterprise and are interested in optimising production
through the adoption of modern techniques. These techniques include the use of
genetically superior, modern, short and medium duration rice varieties, supplementary
irrigation, better crop nutrition and agronomic practice and the use of mechanisation to
reduce labour demands.

As a result of successful small scale on farm research in the 2010 wet season there was
heightened interest in the study villages of Kbal Damrey and Koul to continue research.
As a consequence, in 2011 and 2012, 65 on farm trials were conducted comparing farmer
practice to potential systems interventions including the variation of crop timing, the use of
short duration rice varieties, increased fertiliser and the introduction of alternate crop
establishment technologies.

Figure 22 provides an example of the seasonal timing of an on farm trial and the typical
layout and treatments tested. In 2013, as a result of the success of these trials, iDE
expanded research to Prey Vang province where 56 farmers from 32 villages participated
in on farm research.

The rationale behind this program was that: a) there were opportunities for higher yields
with the improved varieties; b) there was potential, in some seasons, to increase
production through the growing of two short duration crops to make better use of rainfall
and soil moisture resources; ¢) current crops were nutritionally limited; and d) there were
opportunities to reduce labour input with technologies such as drum seeding.
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Local practice
Traditional-medium/
longrice
Fert-farmer choice

Transplanted
2 x short rice with FDP
or
1 medium rice
With either
FDP Incorporated
or
DoAE recommended
or
Organic (5 tha DW)

2011 Wet season

Drum seeder
2 x short rice with FDP
or
1 medium rice
With either
FDP Incorporated
or
DoAE recommended
or
Organic (5 t/ha DW)

2011/12 Dry season

Vegetables including cucumber, watermelon, egg plant, chilli, corn
(should also include crops such as mungbean, and maize)

Figure 22. On farm research trial design used at Koul and Kbal Damrey during the 2011 wet
and 2011/12 dry seasons

Table 9. Summary of results of adaptation practices tested on farm in Svay Rieng and Prey
Veng provinces in 2012 and 2013.

Seasonal yield Seasonal gross margin
Median | Mid 50% Median | GM Mid 50%
(kg/ha) (kg/ha) (USD/ha) (USD/ha)
Late monsoon (2012)
Farmer Practice 1900 | 1600-2100 (90) (180)-(10)
1 x short (early) 2700 | 2100-3100 (20) (100)-125
2 x short 4900 | 4700-5700 10 (110)-255
1 x medium 1900 | 1600-2400 170 130-370
Early monsoon (2013)
Farmer Practice 3200 2800-3800 120 (30)-320
1 x short (early) 3800 | 3000-4400 250 70-360
1 x short (mid) 3700 | 3200-4200 400 340-420
2 x short 6500 | 5800-7100 500 330-600
1 x medium 3400 | 3100-3500 300 250-350

Notes: Yield is seasonal production in kg/ha at 14% moisture. Gross margin figures include labour inputs.
Figures in brackets indicate negative gross margins (ie the farmer loses money from adopting these
practices).

The research results being compared in Table 9 for 2012 and 2013 seasons show the
variation that can be expected in yield between systems interventions, and how the most
successful seasonal intervention is likely to change between seasons as a result of
climate variation.

Where there is an early start to the monsoon (2013), two short-duration crops will achieve
high seasonal production and economic return. It can be seen also, that under the same
seasonal conditions, the growing of a single short or medium duration, genetically superior
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variety will result in good economic returns. These somewhat counter-intuitive results are
a result of the differences in labour and input costs associated with the growing of one or
two crops and the impact of crop establishment timing on yield and input costs
(particularly insect and weed control).

For a late-starting monsoon season (2012), Table 9 shows that growing a sequence of
two short-duration, genetically superior crops is not the best option due to a reduction in
overall seasonal yield, combined with increased labour and input costs associated with
the production of two crops. On farm research suggests that the best option in a late-
starting season is to grow a modern, medium duration, direct seeded crop, established in
June/July. In the two seasons being compared, it can be seen that all of the systems
interventions are superior in yield and income to farmer practice.

These results indicate that prior knowledge of upcoming seasonal conditions, or the ability
to respond to seasonal conditions as they occur, particularly in the early monsoon period,
are crucial to the success of the proposed interventions. As seasonal climate forecasting
is currently unreliable in Cambodia, a combination of the results of on farm research and
simulation modelling were used to develop a planting rule, based on early season paddy
moisture condition which could be used to trigger wet season rice cropping.

It was suggested that the risks were sufficiently low for the farmer to commence land
preparation and rice establishment when there was >5mm of water on the paddy surface
for at least three days. The meeting of this condition then provided the farmer with the
confidence to respond, with that response conditional on the timing of occurrence. If the
conditions of the rule are met early in the wet season (eg in May), then the farmer should
consider planting an early planted, short duration variety; and if conditions continue to be
favourable, a second crop later in the season. However, if paddy conditions are not met
until the end of May or into June, then the farmer should consider other options including
the establishment of a mid-season, short, or medium modern variety.

Drum seeding was embraced by communities early in the collaboration - not because of
higher yields but because of the savings in labour. Farmers indicate that to transplant a
crop takes 24 person days/ha compared to 2 person days/ha for drum seeding. However
continuing adaptation has occurred with many farmers now opting for a cheaper direct
seeding option of hand broadcast as a direct response to the cost of investing in a drum
seeder. What farmers have not done is revert to crop transplanting, even though the use
of direct seeding does bring with it increased weed management costs.

Another pinch point in growing sequential rice crops is the transition time between crops 1
and 2. In 2011 inexperienced researchers took 21 days to transition from crop 1 to 2. In
many cases, this resulted in the failure of the second crop due to terminal moisture stress.
However in 2012 this period was reduced to 11 days, lowering the risk of crop failure. In
2013, lead farmers were able to reduce the transition down to seven days.

Studies in Chea Ressey village focussed on the production of recession rice. Similar
technologies to those described above were used in the production of irrigated dry season
crops, although it was more difficult to gain traction in this village due to the pervasive
influence of Vietnamese traders on the local farming community.

Social research indicated that the farmers of this area were amongst the poorest in the
district - not because of poor productive potential but because of the high debt levels
associated with the closed production systems promoted by traders which included the
provision of credit to grow the Vietnamese rice variety 504, all crop inputs and purchase of
the crop.

Modelling scenarios

While on farm research was essential in testing the logic of particular system changes, it
was not possible to undertake field-based research for a period of sufficient length to
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experience all potential climatic variation. Crop modelling, based on long term regional
meteorological records (rainfall, temperature, radiation) and local soil information provided
a longer term context. Simulation of crop production (in this case rice) provided an
assessment of seasonal productivity over a longer timeframe, and an estimate of
associated production risk. Comparison of on farm data and the simulation output for the
same years enabled testing for ‘sensibility’ of particular interventions at relatively low cost.

Adaptation strategies targeting a ‘response farming’ approach to the prevailing wet
season conditions were evaluated with the aim of improving efficiency of use of the
natural resources, particularly water. Response farming assumes that there are a number
of ways in which the monsoon period can be used to produce rice, with particular options
better suiting particular climatic conditions. Simulated scenarios evaluated the traditional
farmer practice with a number of potential adaptation options for a baseline climate period
(1978-2011) and for projected future climates (2021-2040).

Scenarios evaluated in the final modelling iterations:

1. Rainfed transplanted, local medium maturation variety established early to mid-wet
season with no applied nitrogen fertiliser (farmer practice 1).

2. Rainfed transplanted, local medium maturation variety established early to mid-wet
season with 20 kg/ha of applied nitrogen fertiliser (farmer practice 2).

3. Rainfed transplanted, modern medium maturation variety established early to mid-wet
season with 50 kg/ha of applied nitrogen fertiliser (adaptation option 1).

4. Rainfed direct seeded, modern medium maturation variety established mid-wet
season with 50 kg/ha of applied nitrogen fertiliser (adaptation option 2).

5. Rainfed direct seeded, modern short maturation variety established June with 50
kg/ha of applied nitrogen fertiliser (adaptation option 3).

6. Rainfed direct seeded, modern short maturation variety established early wet season
(May) with 50 kg/ha of applied nitrogen fertiliser (adaptation option 4).

7. Rainfed double crop sequence of short duration, direct seeded rice sown early (crop
1) and mid-wet season (crop 2) with 50 kg/ha of applied nitrogen fertiliser (adaptation
option 5).

8. Double crop sequence of short duration, direct seeded rice sown early (crop 1) and
mid-wet season (crop 2) with access to supplementary irrigation with 50 kg/ha of
applied nitrogen fertiliser (adaptation option 6).

Based on farmer group discussions, a set of management rules describing traditional
farmer practice and adaptation options of direct seeding of short and medium maturing
rice varieties under rainfed and irrigated conditions were specified in the APSIM Manager
for evaluation of the five scenarios described above. The APSIM Manager module was
configured to respond to a series of event triggers controlling timing of crop establishment,
cultivation, fertiliser application, harvesting and opportunity for a second crop

An example of the APSIM Manager Logic used to trigger these events in response to
seasonal conditions is presented in Table 10 (using 1979 as an example), reflecting one
of the strengths of the APSIM model in being able to simulate farmer specified
management rules.

Parameters used to calculate the gross margins (GM) for each scenario are provided in
Table 11. These data allow for estimates of order or magnitude for GM and variability of
GM, as in reality rice prices and most productions cost vary with each season and
certainly have not remained constant over the long term modelling period.
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Table 10. Results of event based manager logic responding to the season and seasonal
climatic conditions (rainfall), using the 1979 season and scenarios 2, 3, 5 and 8 as
examples. Timing of modelled actions and events for each of four treatments is presented.

Medium-single-transplant-
rainfed (farmer practice 2)

Modern-medium-single-transplant-
rainfed (adaptation option 1)

Short-single-direct-rainfed Short-double-direct-irrigated
(adaptation option 3) (adaptation option 6)

Date
in-crop rainfall = 1207mm in-crop rainfall = 1207mm in-crop rainfall = 1109mm in-crop rainfall = 1207mm
1-May-79 Irrigate pond to 20mm
2-May-79 First ploughing
7-May-79 Add manure
9-May-79 Second ploughing
Direct seed IR66
11-May-79 Apply fertiliser 25kg N
23-Jun-79 Pond depth >20mm Pond depth >20mm Pond depth >20mm
First ploughing First ploughing First ploughing
24-Jun-79 Seedling nursery established Seedling nursery established
27-Jun-79 Add manure Add manure
29-Jun-79 Apply fertiliser 25kg N
30-Jun-79 Add manure
8-Jul-79 Second ploughing
Direct seed IR66
10-Jul-79 Apply fertiliser 25kg N
26-Jul-79 Transplant Phka Rumduol Transplant Phka Rumduol
27-Jul-79 Apply fertiliser 20kg N Apply fertiliser 25kg N
15-Aug-79 Maturity
18-Aug-79 Harvest 3.82 t/ha
19-Aug-79 Third ploughing
23-Aug-79 Forth ploughing
Direct seed IR66
25-Aug-79 Apply fertiliser 25kg N
27-Aug-79 Apply fertiliser 25kg N
22-Sep-79 Apply fertiliser 25kg N
13-Oct-79 Apply fertiliser 25kg N
14-Oct-79 Maturity
17-Oct-79 Harvest 4.42 t/ha
17-Nov-79 Maturity Maturity
21-Nov-79 Harvest 0.99 t/ha Harvest 1.56 t/ha
30-Nov-79 Maturity
4-Dec-79 Harvest 5.2 t/ha

Table 11. Average rice prices and production costs used to calculate gross
scenarios 1-3 and 7-8.

margins of the

Rainfed Irrigated
All Farmer Farmer  Option1l Option2 Option3 Option 4 Option 5
practice 1 practice 2 short (1)  Short (2" | Short (1%)  Short (2™
ON 20N 50N 50N 50 N 50N
$/kg $/ha $/ha $/ha $/ha $/ha $/ha
Rice price 0.25
Seed (rice) 45 45 45 90 90 90 90 90
Fertiliser 0 50 125 125 125 125 125 125
Pesticide 63 63 63 82 51 82 51 51
Labour 292 292 360 181 181 195 195 195
Other costs 0 0 0 0 0 0 0 20

Obtaining good quality, long term climate data for modelling purposes was challenging in
Cambodia, due to the fact that all climate date sets had significant gaps, and data for

Svay Rieng was patchy. Hence, the approach to generating climate input files for APSIM
required some additional steps, described here.

An input long term climate file (composite) was collated for the period 1980-1994 based
on daily maximum and minimum temperature for Phnom Penh and rainfall for Prey Veng
(11.483 N, 105.333 E) and Kampong Cham (1982 & 1990 only). A second baseline
climate file for 1978-2011 was generated from daily observations at Tay Ninh, Vietham
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and down-scaled global climate model (GCM) data utilising a Linear Mixed-Effect State-
Space (LMESS) modelling methodology (Kokic et al., 2011).

Rainfall, temperature and radiation data from the on-farm automatic weather stations and
local climate data were correlated with the LMESS baseline data on a monthly basis and
presented on a long-term mean monthly basis (Figure 23a). Original LMESS rainfall for
Tay Ninh was adjusted on a monthly basis to correlate long-term daily rainfall trends with
the observed long-term seasonal rainfall pattern (Figure 23b). LMESS future daily climate
files (2021-2040) were generated for the IPCC A2 emission scenario for downscaled
GFDLGM21 and ECHAM5 GCM modelled outputs.
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Figure 23. (a) Mean monthly seasonal maximum and minimum temperature (°C), solar
radiation (Mj d-1) [lines] and total rainfall (mm) [bars] for LMESS baseline climate (Tay Ninh)
from 1997 to 2011 compared with observations from Phnom Penh (symbols) from 1980 to
1993. Vertical whiskers represent standard deviation around the mean for the LMESS data
values. (b) Five day running mean rainfall values for local observations (SE Cambodia) and
adjusted LMESS baseline rainfall at Tay Ninh for 1980-1993.

Rice yields showed a very strong response to the adaptation scenarios tested. Figure 24
suggests that all adaptation options significantly increase yields when compared to farmer
practice. Both farmer practices result in crop failures about 15% of seasons, while addition
of modest amounts of nitrogen fertiliser in farmer practice 2 effectively doubles yield. The
median yield of 2t/ha modelled compares well with the average farmer yields observed in
the on-farm research. While significantly increasing yields beyond those of farmer practice
2 (primarily nitrogen driven), some adaptation scenarios (options 1, 2 and 3) still lead to
crop failures in about 5-10% of seasons. The only adaptation option with a single rice crop
that reduces the risk of crop failure to about 0% is option 4, where farmers are assumed to
direct seed a modern short duration variety established later (June) with 50 kg/ha of
applied nitrogen fertiliser.

From the results of the FGD conducted in late 2013, it transpired that farmers were
moving towards option 3 as one of their preferred options, but establishing rice through
broadcasting seed rather than through the use of the drum seeder. This is despite the
modelling suggesting that some years in option 3 (direct seeded short duration rice
established in May) may result in failed crops. However, this is compensated by option 3
achieving the highest yields in 80% of the instances (Figure 24). Adaptation 5 (the rainfed
double cropping option) can only significantly outperform all options in favourable years
(about 5% of years). Not shown here is adaptation option 6 when irrigation is available to
establish crops or bridge within season dry spells, where simulation results suggest a
significant decrease in risk and the highest annual yields (>9 t/ha).
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Figure 24. Rice yield responses (probability of exceedance) for rainfed rice cropping options
(scenarios 1-7), for current baseline climate 1978-2011.

Relative ranking of gross margins (including labour costs) of farmer practices and
adaptation results follow a similar pattern as for yields, with two main exceptions (Figure
25). Adaptation 3 is the most economically attractive option, but the single crop option
planted a little later in the wet season (option 4) results in a high GM, as does the option 2
and the double cropping option 5.

However, all scenarios suggest that farmers are making a loss in 15-30% of seasons,
while farmer practice 1 has a negative GM in all seasons. For farmers producing rice for
home consumption who have no viable alternatives to deploy labour for wage earning, this
may be less relevant. Conversely, farmers that factor in the opportunity costs of labour are
likely to proceed with low risk, higher return options such as adaptations 2 and 3.
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Figure 25. Gross margin responses (probability of exceedance) for rainfed rice cropping
options (scenarios 1-7), for current baseline climate 1978-2011.
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A comparison of average rice yields for farmer practice, and the tested adaptation options
for baseline and future (ECHAM5 and GFDL GM2.1) climates is presented in Figure 26a.
Comparing current farmer practices (left columns in Figure 26a) against improved
practices (middle columns in Figure 26a) suggests that simple improvements to crop
management such as choice of short duration varieties, better nitrogen management and
crop husbandry, can generate yield increases that will offset yield reductions as a result of
climate change. However, system performance remains modest, and we regard this as an
incremental adaptation.
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Figure 26. Simulated average annual rice production (a: t ha') and average gross margins
(b: USD ha?) for farmer practice and tested adaptation options grown under rainfed and
irrigated conditions and fertiliser applications of 0, 20 and 50 kg ha* of applied nitrogen.
Simulations compare yields grown under current baseline climate 1978-2011 and projected
GCM (ECHAMS and GFDLGM21) generated future climates (2021-2040). Error bars represent
20 and 80percentiles.

Conversely, introduction of double cropped, direct seeded, short duration rice in
combination with supplementary wet season irrigation would greatly reduce the impact of
climate risk on annual yields under both current and future climates (right hand column in
Figure 26a).

Leading collaborator farmers were able to demonstrate the technical and economic
feasibility of this strategy in our on farm research. This constitutes transformational
adaptation (Rickards and Howden, 2012). However, its widespread introduction will
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require a sustained policy response in many domains (eg provision of irrigation
infrastructure).

Direct seeding shows greater potential for higher yields, when compared with transplanted
modern varieties, given the opportunity to double crop as a result of earlier rice
establishment. However, under rainfed conditions and in situations where the first crop is
sown early, this comes with higher levels of production risk (error bars in Figure 26a).

Average gross margins show a slightly different picture (Figure 26b). Accounting for the
additional labour requirement for transplanted rice, direct seeding increases the GM
significantly over farmer practice. Adaptation options 3 and 5 (single short duration, early
sown, either as a single crop or as crop 1 in a double crop situation) show a high degree
of variability in GM, and in some instances lead to a negative GM. The single crop option
that offers the highest yield, highest GM with moderate variability is adaptation option 4
(rainfed direct seeded, modern short maturation variety established in June with 50 kg/ha
of applied nitrogen fertiliser).

These results for Cambodia are encouraging and similar findings from the other countries
generally support our notion that helping farmers better manage current climate variability
is likely to increase their adaptive capacity to respond to future climate. However, issues
regarding sustainability of irrigation water use and potential increased greenhouse gas
emissions need to be considered when evaluating whether the proposed adaptation
options are climate smart.

Sustainability analyses

Sustainability polygons were generated as a graphic representation of multiple
sustainability indicators. Each sustainability indicator is represented by a relative value
from 1 to O where 1 is the most desirable outcome for that indicator.

For Cambodia, six criteria were used:

o Yield 1 = highest production

o Stability of yield 1 = lowest standard deviation from the mean

e Gross margin (GM) 1 = highest gross margin

o Stability of GM 1 = lowest standard deviation from the mean

e N0 atm/t yield 1 =low N20 N loss to atmosphere per tonne yield
e Catm/tyield 1 = low carbon loss to atmosphere per tonne yield

Polygons generated under LMESS baseline climate and an LMESS future climate
(ECHAMS) are presented in Figure 27. Note that APSIM-ORYZA has not been validated
for NoO emissions in rice based systems. Relative differences between scenarios provide
an indicator only of the potential effect on N.O emissions.

Reviewing the sustainability polygons, the overall sustainability of the tested adaptation
options for Cambodia is not as straightforward as for the Indian case study.

Most adaptation options have lower nitrogen emissions, but have higher carbon
emissions. There is a trade-off, with the new practices generally performing better in terms
of yield increases and higher GMs, while not necessarily leading to overall higher GHG
emission intensities (C and N>O emission / t yield). However, in the rainfed situation, this
might come at the cost of greater variability of yields and GM compared to farmer practice.
This lower variability of yields and GM for farmer practice is based on low absolute yields
and negative or low absolute GMs. Under rainfed conditions, it could be argued that the
best overall adaptations are options 2 and 3, both under current and future climates.
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Figure 27. Comparison of two farmer practices with simulated adaptation options in terms
of yield, stability of maintaining yield, GM, stability of maintaining GM ($/ha), N.O atm/t yield
and C atm/t yield. Management options compare baseline (LMESS) and one future climate
scenario (ECHAMS; GFDLCM21 was very similar to ECHAMS5 and thus not shown).

Results from the on farm work and the farmer focus group discussions indicate that the
degree to which the risk eventuates relates strongly to the skill of the farmer, linking these
results back to the household types. In addition, risk can be significantly reduced where
farmers have access to supplementary irrigation. Amongst the farmers conducting on farm
experiments, some consistently outperformed others, and consistently achieved yields at
the higher end of those modelled (corroborating that the modelled yields are realistic and
technically achievable). These farmers tended to be associated with household type D
(Table 8). This suggests that there is merit in applying the Yield Gap Analysis concept to
farmers in Cambodia, but expanding the concept to include socio-economic factors of
yield gap analysis beyond just the biophysical crop growth limiting factors.

Farmer engagement

Focus group discussions (FGD) and key informant interviews (KlI) were held in August
and October 2013, respectively, to elicit farmer perceptions and feedback of adaptation
practices. Participation was sought from across the different household types - those who
had used the practices as well as those who hadn'’t - to get a balanced perspective. In the
FGD we also selected control villages that had to date not been engaged by the project, to
gauge to what extent practices from Koul and Kbal Damrey had already been adopted in
neighbouring villages. Results of the KilI (Dalgliesh et al, 2013) are provided in Appendix 9
of Volume 3.

The most commonly adopted practice was direct seeded, short duration rice varieties and
double cropping with increased fertiliser use. This practice was seen as a good strategy to
ensure food security and increase income (sale of surplus harvest). In introducing different
cropping options, some households were exposed to crop damage by pests due to timing
of maturation within the broader, traditional, medium duration system (ie first crop matures
early, creating green island effect; second crop vulnerable to attack after harvest of
medium duration varieties).

While the drum seeder sows neatly in rows and saves significant time and labour for crop
establishment, some farmers still found it too expensive and laborious. As a consequence

Page 87



Final Report: Developing multi-scale adaptation strategies for farming communities in Cambodia, Lao PDR, Bangladesh and
India

many opted to hand-broadcast their crops which continued to save labour, but to the
detriment of weed control.

Uptake of vegetable production in the dry season was mixed in the focus groups, largely
due to security concerns (risk of theft); lack of access to markets and social perceptions of
vegetables as a subsistence activity.

Integration: Response farming package

Depending on whether households are focused on subsistence or commercial farming,
land size, whether land is close to the homestead, considerations of risk are different and
influenced responses to the adaptation options trialled. Households with water access and
those with larger land areas, who had a heavier emphasis on commercial farming, were
more likely to invest time and other resources in these practices. Those with less land
(e.g. Type 1, 3), focused on subsistence farming and had less capacity to reallocate
labour and other resources within agricultural activities, and higher relative risks of loss if
changes are not successful. Where smaller household types implemented the practices, it
was often with the intent of saving labour for reinvestment into non-farm activities.

Fragmentation and distribution of land holdings owned was not captured in the household
types, but is important in terms of adaptation. Where land is closer to the homestead,
there is generally greater ability to manage water (access to wells) and reduced risk of
theft/damage to crops. The diversity of circumstances and motivations across household
types mandates adaptation approaches that are flexible and meet multiple objectives.

Building on the results of the on farm experiments and the modelling we developed an
integrated response farming package. Response farming assumes that there are a
number of ways in which the monsoon period can be used to produce wet season rice,
with particular options better suited to particular climatic conditions (eg an early, average
or late start to the wet season; high, medium or low amounts of rainfall during the season).
The ‘response’ made by the farmer will depend on these conditions and the strategy they
perceive to be the most appropriate to meet their livelihood goals. This may result in a
number of the proposed strategies being adopted as a season unfolds to best meet
conditions and address climate risk.

The image of a ‘tool box’ that contains seasonal management options is a useful analogy,
with appropriate tools used to meet production and livelihood demands as a season
progresses (Figure 28). The type of tools that are stored in the box include: crop duration
and variety, crop sequencing and timing of establishment, availability of supplementary
irrigation, availability of labour and the potential for increased mechanisation, seeding
technologies (direct seeding and transplant), fertiliser (both organic and inorganic) and
pest management technologies; leading to aspirational seasonal production, crop return
and gross margin goals.

It should be noted that the advocates of ‘response farming’ are not suggesting that all, or
particular options are more important than others, or that they will be used by every farmer
in every season or across an entire farm. Response farming is about having a range of
options which are all likely to contribute to reduced climate risk and to improved yields,
and in many cases, will also improve financial returns. The final choice of whether to use
particular options is the decision of the individual.

The concept of response farming was presented to a Technical Reference Panel in
Phnom Penh in July 2014. The Panel — rice and systems specialists from Cambodian
Government agencies, locally based NGOs and Australian partners - peer reviewed the
seasonal cropping calendars and associated response farming protocols (for timing and
management actions) for ACCA recommended ‘response’ actions (refer to Appendix 3 in
Volume 3 for details).
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Figure 28. Range of management options and strategies farmers could use to respond to
specific seasonal climate conditions.

The Panel recommended that the monsoon season rice production interventions be
considered for promotion on medium and high lands, in provinces where the soils and
environment were similar to those of Svay Rieng and Prey Veng. These included the other
PADEE? focus provinces of Kampot, Kandal and Takeo (as well as Svay Rieng and Prey
Vang), the proposed ASPIRE® focus provinces of Kampong Chhnang, Pursat, Preah
Vihear, Kratie and Battambang, and the provinces of Preah Sihanouk and Kampong
Speu.

The Panel's Technical Report on response farming was endorsed by GDA management
and then used to support national climate policy initiatives (eg National Action Plan on
Climate Adaptation (2013-2023), the sector document on Climate Adaptation for
Agriculture, Forestry and Fisheries (2013-18) and the relevant sub-sector policy document
for agriculture) by providing a framework for extension and training in response to climate
variability and change.

The response farming approach and extension materials are now used in mainstream
DAE and iDE extension activities, and are in widespread use in PADEE and ASPIRE
initiatives around the country.

Engagement outcomes

Stakeholder plans for Cambodia were developed in 2011 to guide and prioritise
engagement for a variety of reasons eg access to networks, policy influence, science
exchange, capacity opportunities.

Investment in stakeholder engagement has been documented in trip reports, annual
reports and in the stakeholder engagement report that appears as Appendix 1, Volume 3.

8 Project for Agriculture Development and Economic Empowerment; a six year IFAD funded program aimed
at Improving livelihoods for poor people in targeted communes in the provinces of Kampot, Kandal, Prey
Veng, Svay Rieng and Takeo

9 Agriculture Services Programme for Innovation, Resilience and Extension; IFAD funded program
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Table 12. Summary of stakeholder engagement in Cambodia

Stakeholder group

Engagement objective

Stakeholders

Project team

Cohesion; capacity

CARDI; DAE; iDE; PDA Svay Rieng;
CSIRO

Farming community

Adoption; collaboration

Participating farmers; other farmers in
Svay Rieng; farmers in other provinces

Research community

Science exchange;
access to data;
collaboration

Royal Univ Agriculture; CDRI; CIRAD;
other ACIAR projects; general
researchers

Provincial/local govt

Policy or planning
influence; relevance;
dissemination

PDA Svay Rieng; Heads of Village
Communes

National govt

Policy or planning
influence; relevance;
support

General Directorate Agric; Ministry
Agric, Fisheries & Forestry; Ministry
Water Resources; Ministry Rural Devt

Regional agencies,
donors, NGOs

Program influence;
dissemination;

MRC; FAO; IFAD; UNDP; ADB; AusAID-
DFAT; CAVAC; SNV; Oxfam

collaboration

Note: Stakeholders with significant interaction listed only. Bold text indicates the stakeholders with
whom ACCA had the most traction (towards the relevant engagement objective) at the end of the
project.

Many engagement outcomes are described elsewhere in this report. For example, team
cohesion and capacity building are described in capacity impacts (Section 6), while
science exchange is covered in the publications list (Section 8). Two engagement
outcomes are summarised here - adoption and dissemination of project practices and
policy and program influence — as these will form the foundation of the project’s
sustainability and impact in the region.

Adoption and dissemination of practices

There were four key (overlapping) mechanisms for dissemination of ACCA practices to
Cambodian farmers. Estimates of current and potential dissemination are summarised in
Table 13.

a) Farm Business Advisor Network

FBAs are a network of ‘micro-entrepreneurs who help farmers to initiate, intensify, or
expand market-oriented agricultural production’. They are recruited and trained by iDE
(and latterly, Lors Thmer) on good agricultural practice for main crops in their area, and in
business skills. ACCA information — particularly the response farming ‘toolkit’ — is now
embedded into their training.

Each FBA services 40-50 farmer clients. In 2013, iDE estimate that there were 50 FBAS in
Svay Rieng and Prey Vang who had received training in ACCA research and were
engaging with around 2000 farm enterprises. In 2015, there were over 240 FBAs across
five provinces - Svay Rieng, Prey Veng, Takeo, Kandal and Kampot. The aim in the next
three years is to have more than 400 FBAs established, providing some level of service to
16,000 to 20,000 farm enterprises. Most FBAs work in vegetable production; only around
40% work exclusively in rice.
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b) DAE training and extension

DAE is responsible for training a network of provincial and commune extension workers
and non-geographically aligned support teams in good agricultural practices and in new
technologies, varieties and approaches developed or adopted by the various Departments
of the General Directorate of Agriculture.

The mechanism is a Training of Trainer (TOT) approach, with trainers then conducting
Farmer Field Schools (FFS) as a starting point for dissemination of information to farmers.
The TOT training used the manual developed by DAE as part of ACCA, detailing the
response farming decision support charts and associated text describing each action. FFS
participants were provided with a less detailed manual describing the same response
options, with a set of posters for display in each village or commune.

c) PADEE training and extension

This approach was piloted in 2013 in Svay Rieng and then rolled into the Project for
Agricultural Development and Economic Empowerment (PADEE). Training and provision
of climate adaptation tools (including ACCA outputs) to a network of Community
Extension Workers (CEWSs) across Svay Rieng, Prey Veng, Kampot, Kandal and Takeo
raises potential exposure to up to 20,000 farmers.

d) ASPIRE training plans

A follow-on initiative to PADEE is the Agriculture Services Program for Innovation,
Resilience and Extension (ASPIRE) which begins in 2015 in five pilot provinces:
Battambang, Kampong, Kratie Chhnang, Preah Vihear, and Pursat.

For 2015-18, ASPIRE plans to train CEWSs in 180 communes in these provinces. Each
CEW will be responsible to establishing ‘small learning groups’ of 30 farmers; a total of
5,400 farmers. In its second phase (2018-21) it will be extended to the five current PADEE
provinces of Kampot, Kandal, Prey Veng, Svay Rieng and Takeo, plus additional villages
in the first five provinces.

Policy and program influence
a) Informing Cambodian climate policy

In final interviews, senior government officials in GDA (MAFF) confirmed that ACCA
contributed to the clarification of climate change issues in Cambodia and provided a
pathway for action on climate adaptation.

ACCA influence has been noted on the National Action Plan on Climate Adaptation (2013-
2023), the sector document on Climate Adaptation for Agriculture, Forestry and Fisheries

(2013-18) and the policy document for the agriculture sub-sector have all been influenced
by the ACCA approach to climate change understanding and mitigation.

In particular, Dr Mak Soeun, the Deputy Director General of GDA was unequivocal when
stating that ‘until ACCA involvement in Cambodian climate change research, it had been
difficult to develop a clear understanding of the topic. The combination of ACCA training
and communication, biophysical research, systems analysis and potential systems
solutions had provided a way forward, allowing the government to develop appropriate
responses.’

b) Mainstreaming research results into extension practice

As described, a technical report on response farming developed by the ACCA project
team was peer reviewed and approved by a technical panel of Cambodian sector experts
in July 2014. It was endorsed by GDA management and then used to support the climate
policy initiatives previously described by providing a framework for extension and training
in response to climate variability and change.
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The response farming approach and extension materials are now used in mainstream
DAE and iDE extension activities, and are in widespread use in PADEE and ASPIRE
initiatives around the country.

Table 13. Summary of current and potential dissemination of ACCA practices in Cambodia.

Disseminating Current reach Potential reach (3-5 years)

group

iDE/Lors Thmer 50 FBAs x 40 clients = 2000 farmers; 400 FBAs in 5 provinces x 40
Svay Rieng and Prey Vang clients = 16,000 farmers

200 FBAs x 40 clients = 8000 farmers; 3
additional provinces

PADEE DAE pilot of 29 TOT x 6 FFS x 16 Stated target of 90,000 farmers by
farmers = 96 farmers; Svay Ring 2018 across 5 provinces

64 CEWSs x 3 FFS x 50 participants =
9600 farmers; Svay Rieng

432 CEWs in 4 provinces, with possible
4000-20,000 farmers

ASPIRE Program commenced in 2015 180 CEWSsin 5 new provinces x 30
farmers = 5400 farmers by 2015

Proposed target of 120,000
farmers in 10 provinces by 2021

Note that these are estimates of possible exposure to ACCA components, not estimates of
adoption. It is unclear the relative importance of ACCA information in training material being
developed for ASPIRE and PADEE.

c) Informing the design of the ASPIRE program

An iDE-SNV consultancy used ACCA research and principles as a case study on climate
resistant agriculture. This report was used in IFAD’s annual strategic planning process as
a Cambodia-specific opportunity, which culminated in the development of the ASPIRE
program.

Synergies between ACCA research outputs and the proposed climate mitigation research
and training outlined in the 2014 ASPIRE project document were highlighted in a
commissioned report on the development of ICT tools using ACCA research outcomes
(refer to Volume 3, Appendices 7-8).

MAFF officials indicate that Sections 2 (Improving Extension Quality and Knowledge
Management), 4 (Infrastructure Supporting Climate Resilient Agriculture) and particularly
3.2 (Innovations for climate resilient agriculture) and 4 of the ASPIRE document had been
explicitly influenced by ACCA research, while ASPIRE project consultants suggest that
ACCA type research was influential in project design.
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8.4 Lao PDR

Country focus

The emphasis in Lao PDR is managing risks associated with high variability of early-
season rainfall and end-of-season drought, primarily by introducing dry direct seeding in
conjunction with improved varieties and nitrogen management in rainfed lowland rice-
based cropping systems of two districts in Savannakhet Province. Savannakhet Province
was selected by the Lao PDR team as it has a highly variable wet season, yet is one of
the largest producers of lowland rice, and hence is critical for national food security

There are two focus districts: Outhoumphone, which is largely dependent on rainfall, with
high incidence of drought; and Champhone, which has limited surface water resources for
limited supplementary wet season and dry season irrigation in some villages, but is more
flood prone.

An additional aspect of the work in Lao PDR was piloting agro advisories (building on the
work in India).

In Lao PDR the formal collaborating institutions were the National Agriculture and Forestry
Research Institute (NAFRI), the Department for Agricultural Extension and Cooperatives
(DAEC, formerly National Agriculture and Forestry Extension Service, or NAFES), the
National University of Laos (NUoL), the International Water Management Institute (IWMlI),
the Department of Meteorology and Hydrology (DMH) and the Provincial Agriculture and
Forestry Office (PAFO) in Savannakhet.

Site information

Study villages are located in two clusters. The cluster in Outhoumphone (including the

villages of Nonsavang, Phin Neua and Phin Thai) is located on higher toposequences with

sandier soils and no supplementary irrigation The cluster in Champhone (including the
villages of Toad,
Nakham, Vangmao,
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is located in an area
in which some
villages are serviced
by a small, poorly
serviced, canal
irrigation scheme.
Lower toposequence
sites tend to have
slightly heavier soils
and some are located
in flood affected
areas.

Variable and
unpredictable rainfall
is the main production
challenge in these
rainfed areas.

Increasing migration of young people and resulting labour shortages brings an additional
challenge for many farming households.
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Cropping calendar

Nurseries for rainfed rice in lowland Lao PDR are traditionally established throughout
June, following land preparation in late May on pre wet season rains (Figure 29 top). Rice
seedlings are transplanted throughout July and harvested in late October and November,
depending on variety duration, season and labour availability.

When rice is established by direct seeding land preparation begins earlier in the season,;
in late April and early May. Rice is sown in mid to late May, on early wet season rains and
is harvested between late September and November (Figure 29 bottom). Detailed
information from farmers about timing of cropping systems is recorded in 2010 and 2011
Trip Reports.

Crop calendar for rain fed lowland transplanted (TP) rice in § khet province (mid toposequence with medium duration variety)
la April MMay June July August September October November
Crop stage 12)3]|4 3|4a4f1f2)3(4)1|2(3|4|1j2|3|4(1|2]|3|4|1|2]3

Week

Land prep?

Sowing nursery

Transplanting and fertiliser

Fertiliser 1-7d after TP {if not at TP)
Topdress 1 25-35d after TP

Topdress 2 45-50d after TP {optional)®
Flowering

Harvest

! Land preparation in the TP system includestilling, at least twice if conditions permit, the incorporation of organic manure, and puddling
2 Two top dressings are recommended by NAFRI but farmers may choose not to invest this much in the rice crop

Crop calendar for rain fed lowland direct seeded (DS) rice in Savannakhet province (upperand middle toposequences with medium duration variety)

1b April May June July August September October MNovember

Crop stage 112(3 1(2 12 (234|123 |4|1|2|3|4|1|2|3]|4
Week

Land prep®

Sowing and fertiliser

Topdress 1 30-35d after sowing
Topdress 2 55-60d after sowing*
Flowering

Harvest

3Land preparation in the DS system includestilling; at least twice if conditions permit, and the incorporation of organic manure. DAG- day after germination
“Farmers sowing with the direct seeder are more likely to top dress twice than if transplanting, although this is still not universal practice

Figure 29. Crop calendars for transplanted (top) and direct seeded (bottom) rice in lowland
rainfed Savannakhet

Household types

Household types were developed from household surveys and self assessment
workshops across six villages in Outhoumphone and Champhone districts of Savannakhet
Province. These types are summarised in Table 14 and explained in more detail in
Williams et al. (2015).

Access to irrigation, topographic position (in general high-toposequence soils are poorer)
and land size are defining factors of the household types in Lao PDR. Households in low-
lying areas are flood prone in the wet season and while some have access to irrigation in
the dry season, irrigation water is often expensive (due to high electricity costs) and the
decision to pump water is often outside the household’s control. Additionally irrigation
water often dries up towards the end of the dry season and is often not available at critical
times in the early wet season.
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Table 14. Summary of household types, Lao PDR.

Type | Key characteristics Key production constraints
1 Lower and upper lowland; small farms; Land size; soil quality; lack of capital; access
no irrigation; family-only labour to supplementary irrigation, training and
equipment
2 Lower and upper lowland; medium farms; | Lack of capital; access to supplementary
no irrigation; family-only labour irrigation and marketing information; soil
quality
3 Lower and upper lowland; large farms; no | High labour costs; soil quality; lack of
irrigation; family and hired labour sufficient water for irrigation and grazing land
for livestock
4 Lowland; small and medium farms; Land size; lack of capital; high cost of dry
irrigation available; family-only labour season production
5 Flood affected lowland; small and High risk of crop loss due to flooding; limited
medium farms; irrigation available; family- | access to irrigation in dry season; lack of
only labour capital
6 Flood affected lowland; large farms; High labour costs; high cost of dry season

irrigation available; family and hired
labour

production; high risk of crop loss due to
flooding

On farm research

The initial emphases of on farm testing were the promotion of improved varieties and the
examination of yield response to different fertiliser rates. Ongoing engagement with
farmers and extension agents indicated that potentially labour-saving options, such as the
dry direct seeder, were of greatest interest to farmers and the seeder formed the focus of
later on farm trials.

The success of the on farm testing, in terms of working with farmers to identify and test
options of interest to them and in terms of promising results, is demonstrated by the
increasing numbers of farmer participants year-on-year in project field trials (with the
exception of 2014, where formal farmer participation was deliberately reduced).
Additionally informal farmer uptake and use of the direct seeders increased in 2013 and
2014 (this is documented in trip reports from these years).

In 2015, 600ha of land in western Savannakhet, around Champhone and Outhoumphone
districts, was sown using direct seeders. This initiative was independent of project
activities and demonstrates farmers’ developing interest in and enthusiasm for direct
seeding arising from activities from ACCA and other projects.

On farm testing activities in the ACCA project concluded in 2012. However early direct
seeding trials were sufficiently promising that ACIAR funded the SRA Regional co-
learning in simple mechanised tools for rice planting (LWR/2012/110), under which on
farm direct seeding trials continued in 2013 and 2014. Outcomes from the SRA (named
here as the ACCA-SRA) have resulted from the ACCA project and are documented in the
a discussion paper on direct seeding prepared by Laing et al. (Appendix 4, Volume 3) .

Adaptation options were tested on farm in the 2011-14 wet seasons across the case study
villages (Table 15). Most farms were rainfed: some in Champhone were flood prone and
had intermittent access to irrigation from nearby streams (this was haphazard: farmers
could not rely on stream water for early-season irrigation and were at greater risk of
flooding later in the season).
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Table 15. Adaptation options examined in Lao PDR

Adaptation option Tested on farm Examined with
APSIM
Improved varieties Yes: 2011 (13 farms) Yes
Type and rate of fertiliser Yes: 2011 (13 farms); 2012 (21 Yes
application farms)
Drought and flood tolerant | Yes: 2012 (21 farms) No
varieties
Dry direct seeder Yes: 2012 (21 farms); 2013! (27 Yes
farms); 2014* (9 farms)
Supplementary irrigation No Yes

1 On farm testing of the dry direct seeder continued under the ACCA-SRA project in 2013 and 2014

Early on farm testing promoted the uptake of improved varieties (eg TDK8, TSN8) and
highlighted the potential for increased yields with fertiliser applications (ie ‘improved
practice’) targeted to measured soil deficiencies. Figure 30 illustrates the largely beneficial
effects of these options across three farms in Nonsavang village, Outhoumphone.
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Figure 30. Yields from three farms in Nonsavang village, Outhoumphone, 2011, under farmer
practice (FP); farmer practice with improved seed (FP+S) and improved practice with
improved seed (IP+S).

The project supported the on farm testing of the drought (TDK11) and flood (TDK1-1)
tolerant prototype varieties; these are traits farmers are keenly interested in, as they look
to reduce their exposure to climate risks. Both TDK11 and TDK1-1 demonstrated
significant weaknesses, including a high susceptibility to the common pest gall midge, and
further on farm testing has been postponed until subsequent varieties with greater pest
resistance are developed.

As a result of initial on farm testing and farmer interest, crop establishment using the dry
direct seeder has become the main adaptation practice explored by the project. Direct
seeders eliminate labour required for transplanting: a significant attraction for labour-
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constrained farmers. In terms of climate risk, use of a direct seeder allows farmers to plant
earlier in the season without waiting for standing water — smaller rainfall events in the
early wet season are able to trigger germination and crop development (a more detailed
explanation of the rationale for direct seeding is contained in Laing et al., 2015, Volume 3,
Appendix 4). Planting earlier in the wet season also enables farmers to grow a longer-
duration improved variety, which has the potential to improve yields for few additional
inputs.

On farm experience with the direct seeder highlighted to farmers and researchers the
opportunities (in particular potential labour savings and reduced exposure to climate risks)
and challenges (primarily non chemical weed control in the absence of ponded water) of
this establishment method. Farmers who managed weeds well had thoroughly prepared
land prior to sowing and removed weeds in a timely fashion. While there is interest in
different methods of effective weed control to date herbicide use has been limited and is
not of interest to most farmers, nor is its use supported by the Lao government.

Modelling scenarios

APSIM has been used to simulate wet season rice production for a present day climate
(1971-2011) and future (2021-2040) climates, using the ECHAMS climate model,
representing a milder future climate, and the GFCLCM2.1 climate model, representing a
more extreme future climate that is likely to be wetter in tropical regions and drier in
temperate regions (Kokic et al., 2011). Key results of the modelling work are presented
below.

Two sandy loam soils have been used in simulation modelling: a deeper soil, with greater
plant available water capacity (PAWC), representing mid to low positions in the
toposequence; and a shallower soil, with lower PAWC, representing the higher or top
positions in the toposequence. These soils are representative of most of the low-lying,
slightly undulating plains in which rice is grown in the Outhoumphone and Champhone
districts of Savannakhet province (Sengxua, pers comm.). In both soils we simulate a
puddled hard pan layer in transplanted (PTR) simulations which is less permeable than
the comparable layer in direct seeded (DSR) simulations, in which the soil is no longer
compacted each year with transplanting.

The standard rice phenology in APSIM-ORYZA was modified to represent a modern
improved variety of Lao glutinous rice, TDK8. TDK8 is common across Savannakhet and
is one of the most popular varieties chosen by farmers to use in ACCA project field trials.

APSIM was parameterised and calibrated using data from ACCA project field trials in
2011 and 2012, published soil data and expert knowledge from soil scientists,
agronomists and cropping systems modellers. APSIM was validated using independent
field trial data from 2013 and sensibility testing based on expert opinions.

Baseline simulations represent farmers’ risk averse (low input) management practice: a
single rainfed transplanted TDK8 crop established every wet season. The crop is
transplanted the first time water ponds on the soil surface for three consecutive days; the
nursery is sown 30 days before transplanting. Most farmers use small amounts of
nitrogen fertiliser (7kgN/ha urea and 0.5t/ha farmyard manure) that are incorporated into
the soil at sowing (scenario T1: farmer practice). Some farmers use higher nitrogen rates
that are closer to the rates recommended by NAFRI (scenario T2).

For each combination of shallow (S) or deep (D) soil, low or high nitrogen fertiliser rates
and climate (present day (PD) or future - GFCLCM2.1; ECHAMDb), the following adaptation
options have been examined relative to the baseline:

e Switching from transplanting to direct seeding;
e Sowing the direct seeded crop earlier in the wet season (ie into a drier soil) or
slightly later (into a wetter sail);
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e Applying supplementary irrigation in the first two months after sowing (ie in the
nursery and for the first month after transplanting) in instances where no rainfall or
irrigation water has been received in the previous seven consecutive days. This is
a theoretical option examined in the simulation modelling as opportunities
(particularly those around appropriate water storage and delivery) to access
sufficient water in a timely manner to enable supplementary irrigation are limited in
Outhoumphone and Champhone.

The eight management scenarios examined are summarised in Table 16.

Table 16. Scenarios modelled using APSIM in Lao PDR.

Scenario | Details

T1 PTR, rainfed, low N: this is the baseline scenario
for most farmers (farmer practice)

T2 PTR, rainfed, high N

T3 PTR, supplementary irrigation, low N

T4 PTR, supplementary irrigation, high N

T5 DSR, sowing earlier (into a drier soil), low N

T6 DSR, sowing earlier (into a drier soil), high N

T7 DSR, sowing later (into a wetter soil), low N

T8 DSR, sowing earlier (into a wetter soil), high N

Simulation outputs were compared for each adaptation strategy in terms of:

e Yields

o Gross margin (GM), calculated using cost and income data collected from
representative case study households
Yield and GM stability: the standard deviation of yield and GM

¢ N20O emission, calculated as kg N2O per tonne of yield
C emission, calculated as kg C per tonne of yield.

Note: N2O and C emissions from failed crops (ie Ot/ha yield) were ignored in emission
comparisons.

Yield results

Yield results are presented in the form of probability of exceedance graphs for PTR in
Figure 31 and for DSR in Figure 32, for shallow and deep soils (left and right figures
respectively). Current farmer practice (T1) shows a high risk of crop failure or poor yields
(Figure 31). This is more pronounced on the shallow soils, with about 5% crop failure and
15% of instances with yields <1 t/ha, irrespective of nitrogen rate. On the deep soil this
risk reduces to ~2% crop failure; here higher nitrogen rates in T2 are less risky.

Supplementary irrigation significantly reduces the risk of crop failure in both soil types,
mainly by avoiding early season drought during rice establishment. The benefit of access
to supplementary irrigation is more pronounced on the shallow soils. In terms of overall
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yield response, increasing the nitrogen rates (T2, T4) has a very significant impact on
yields, with median yields increasing over T1 and T3 by about 1.5 — 2 t/ha. This aligns
with results from the on farm experiments.

Yield responses for DSR differ from PTR (Figure 32), in that DSR effectively reduces risk
of crop failure or low yields. Switching from PTR to DSR will confer a similar risk reduction
benefit to that of supplementary irrigation and is a more realistic and attractive
management option for farmers than creating the reliable water storage facility necessary
for supplementary irrigation. Similarly to PTR, increased nitrogen fertiliser rates (T6, T8)
lead to yield increases of about 1.5 - 2 t/ha, but with less risk than in PTR. Also, DSR
tends to compensate for differences between soil types, presumably because under DSR,
rice rooting systems can explore a larger volume of soil earlier in the growing season.
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Figure 31. Probability of exceedance of rice yields (kg/ha) for puddle-transplanted rice
(PTR), with low and high (+N) nitrogen fertiliser applications and without and with (+irri)
supplementary irrigation, for the present day climate (PD; 1971-2011) for a shallow (left) and
a deep (right) sandy soil
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Figure 32. Probability of exceedance of rice yields (kg/ha) for direct seeded rice (DSR), with
low and high (+N) nitrogen fertiliser applications and without and with (+irri) supplementary
irrigation, for the present day climate (PD; 1971-2011) for a shallow (left) and a deep (right)
sandy soil.
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Probability of exceedance distributions of rice yield in PTR are compared against DSR for
the low nitrogen and high nitrogen cases in Figure 33 and Figure 34, respectively. In both
figures, we also compare present day performance with projected yield distributions under
a future climate. For clarity, only GFDL results are shown; similar results have been
achieved from ECHAMS simulations.

DSR clearly outperforms PTR on shallow soils, under both current and future climates,
irrespective of nitrogen management. In the case of deep soils, DSR reduces risk of crop
failures compared to PTR, but otherwise PTR is as good as or better than DSR in wetter
years (ie towards the higher yield end of the graphs). The performance differences of DSR
relative to PTR under each soil type were observed in on farm testing and have been
more generally confirmed by Lao scientists (Sengxua pers comm, Sipaseuth, pers comm).

DSR sown using the wetter sowing rule performs better than DSR using the drier sowing
rule in the current climate, reducing the difference between PTR and DSR in wet years.
Irrespective of rice establishment method and nitrogen management regime, both PTR
and DSR are projected to perform better under a future climate than under today’s
climate, because of the projected increase in early wet season rainfall in future climates.
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Figure 33. Probability of exceedance of rice yields (kg/ha) on shallow (left) and deep (right)
soils for low N rates, comparing PTR (T1) with DSR sown into a drier soil (T5) or a wetter
soil (T7), for the 1971-2011 (PD) and 2021-2040 (GFDL) climates
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Figure 34. Probability of exceedance of rice yields (kg/ha) on shallow (left) and deep (right)
soils for high N rates, comparing PTR (T2) with DSR sown into a drier soil (T6) or a wetter
soil (T8), for the 1971-2011 (PD) and 2021-2040 (GFDL) climates.
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Gross margin results

Gross margin (GM) results are presented in the form of probability of exceedance graphs
for PTR and DSR for low nitrogen treatments in Figure 35 and for high nitrogen treatments
in Figure 36, for shallow and deep soils (left and right figures respectively).

In all instances, DSR is projected to generate a higher GM than the comparable PTR
treatment. This is mainly due to the reduction in required labour, and associated reduction
in input costs under DSR. These differences can be expected to increase with increasing
cost of labour.

PTR, as well as DSR sown using the dry sowing rule, will result in years with a negative
gross margin: these are in the order of between 5 and 20% of years for PTR on deep and
shallow soils respectively, and for about 2% of instances in DSR-dry, irrespective of soil
type and nitrogen regime.

Comparing Figure 35 and Figure 36 also shows that the higher nitrogen treatments result
in significantly higher GMs in the shallow soils, but less so in the case of the deep soil.
However, these results are sensitive to assumed rice prices. As shown by sensitivity
analyses conducted by Newby et al., (2013), depending on rice price and wage costs, the
benefits of increased nitrogen fertiliser rates can fluctuate significantly.

= “m—\\\\ Shallow soil - low N — 100 Deep soil - low N
s S
Q i
g 80\ § 80
(1] ]
© =l
g 60 ® 60
S 40 - % 40 - \
z z \
ﬁ 20 - g 20 -
o ot
a a
o W W s O—— T T
-4,000,000 1,000,000 6,000,000 11,000,000 -4,000,000 1,000,000 6,000,000 11,000,000
GM (LAK/ha) GM (LAK/ha)
e=T1: PTR_PD:S e T5: DSR+drier_PD:S =T1: PTR_PD:D T5: DSR+drier_PD:D
== T7: DSR+wetter_PD:S e T7: DSR+wetter_PD:D

Figure 35. Probability of exceedance of rice gross margins (LAK/ha) on shallow (left) and
deep (right) soils for low N rates, comparing PTR (T1) with DSR sown into a drier soil (T5) or
a wetter soil (T7), for the present day climate.
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Figure 36. Probability of exceedance of rice gross margins (LAK/ha) on shallow (left) and
deep (right) soils for high N rates, comparing PTR (T2) with DSR sown into a drier soil (T6)
or awetter soil (T8), for the present day climate
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Sustainability analyses

Sustainability polygons were generated for each soil type and nitrogen treatment; results
are presented in Figure 37. For each soil type the different treatments have been
compared across a range of metrics, including yield and yield variability, gross margin and
gross margin variability, water productivity and water productivity variability, carbon (C)
emissions and nitrous oxide (N.O) emissions.

In general terms, irrespective of soil type and nitrogen regime, the proposed DSR
scenarios perform better on most indicators than the relative PTR benchmark. This is the
case for both the present climate as well as the GFDL projected climate (simulations using
the ECHAM future climate are very similar to those using the GFDL future climate and are
not shown here). Hence we can conclude that the proposed adaptation options studied in
Laos are unlikely to constitute maladaptive practices and can be considered climate
smatrt.

DSR with high nitrogen and wet sowing (T8) has the highest scores for GM, yield, C
emissions and water productivity. However, comparing between nitrogen regimes (ie
Figure 37a and Figure 37c, and Figure 37b and Figure 37d, respectively), the low nitrogen
DSR scenarios (T5, T7) tend to have better outcomes in terms of N>O emissions, and the
stability of yield, GM and water productivity measures. However, this is partly an artefact
of the much larger range in absolute values of the T6 and T8 treatments. Perhaps a more
robust measure of yield and GM stability would be to compare the variability between the
20™ and 80™ percentiles of each sustainability parameter. This will be revisited when we
prepare journal papers reporting on these results.
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Figure 37. Comparison of yield, yield variability, gross margin (GM), gross margin
variability, C emissions, water productivity (WP), water productivity variability, and N.O
emissions, for the 1971-2011 (PD) climate and the GFDL climate. A. shallow soil, low N; B.
deep soil, low N; C. shallow soil, high N; D. deep soil, high N

Integration: Dry direct seeding

The initial focus of the project in Lao PDR was on understanding household livelihoods
and adaptive capacity and the development of agricultural practices that would support
improved rice production in a variable and changing climate.

Adaptation options for on farm testing and scenario analysis were selected after
consultation between Lao and CSIRO researchers, extension agents and farmers and
were chosen for their potential to reduce farmers’ exposure to climate risks, while being
mindful of the different capacities and resources available to farming households. Crop
establishment using the dry direct seeder became the main adaptation practice explored
by the project, as a result of on farm testing and farmer interest. On farm DSR testing
which was established under the ACCA project in 2011-2012 was extended and continued

in the ACCA-SRA project in 2013-2014.

Sowing with a dir