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1.

Background and objectives

Background
The work of the CGIAR research traditionally focused on improving agricultural
productivity. The CGIAR mission is ‘to reduce poverty and hunger, improve human
health and nutrition, and enhance ecosystem resilience’. To achieve this, research
investments to improve agricultural productivity are still required. However, there is
consensus amongst key research and development partners that achieving the mission
requires stronger integration between research groups and its agricultural and
ecological stakeholders (i.e. producers, traders, consumers, ecologists, and policy
makers). To better achieve such integration, the CGIAR has engaged in an important
reform process, creating a series of cross-CGIAR center research programs. The CGIAR
research programs (CRP) most engaged in studying complex agro-ecological systems
are CRP 1.1 (Dryland farming systems), CRP1.2 (Humid tropics integrated systems), CRP
5 (Water, land and ecosystems) CRP 6 (Forests, trees and agroforestry) and CRP7
(Climate change, agriculture and food security).
The CGIAR scientists are on a learning curve when it comes to analysing complex
agricultural systems. Whereas specific research questions vary within the CRPs and
regions, the approaches and tools to study such complex systems can be quite similar.
Understanding system dynamics, identifying tipping points, and understanding tradeoffs across temporal/spatial scales and actors requires identification of key parameters
in the systems and an understanding of their sensitivity to changes. It is important to
note that research on these systems does not only require insights into the biophysical
dynamics, but also into human behaviour (i.e. socio-political and economic drivers). A
lot of knowledge is already available and exchanging this knowledge would provide
strong added value for the respective CRPs.
Participants and speakers
The workshop brought together more than 30 scientists (see annex A) from all over the
world, representing a total of 10 CGIAR centers and 8 CRPs. Other participants
originated from Wageningen University, the Earth Institute - CU, the University of
Göttingen, Climate Focus, the University of Vermont and IIASA, Austria. The workshop
received broad (moral) support from CRP1, 5, 6, and 7. CCAFS (CRP7) theme 4
(Integration for Decision Making) provided seed funding for organizing the workshop.
IITA coordinated the organisation of the event in partnership with Wageningen
University. Invited speakers contributed to the workshop, bringing in novel and relevant
system approaches from diverse backgrounds. Both invited speakers and participants
discussed four subjects: (i) trade-offs at household level, (ii) trade-offs at landscape
level, (iii) trade-offs at regional and global level and (iv) achieving impact.
Objectives
The objectives of the workshop were to (i) share and exchange experiences and lessons
on available methods and tools to identify and analyse trade-offs in agricultural systems
(at different levels: from household to landscape, regional and global level), (ii) to
discuss and explore how we can apply the lessons learned within and between the
respective CRPs, (iii) to explore potential for synergies and collaboration between
scientists and programs on trade-off analysis in agricultural systems, (iv) to discuss how
results from trade-off analysis research can be translated to end-users to achieve
impact. The above has been captured and documented by means of this report; also a
review paper summarized key observations from literature and the workshop.
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2.

Program structure

The workshop comprised three full working days: Tuesday 19 February till Thursday 21
February 2013. During the first morning, representatives of each of the eight CRPs
presented key trade-off issues encountered and tools used, within the respective
research programs. The eight keynote presentations were open to all staff and students
of Wageningen University and were advertised by means of a poster, both digital and
printed. The subject of the keynote presentations started with trade-off analysis at farm
level and zoomed-out, via the landscape or watershed to the regional and global level.
The final set of keynote speakers discussed the subject of achieving impact with the
outcomes of trade-off analyses. The two remaining mornings were used to further
discuss the content of the keynote presentations. The final afternoon of the workshop
was used to discuss the lessons learned and workshop outcomes, the way forward and
also to explore opportunities for cooperation within the different CRPs.
Morning
Monday
Tuesday

Wednesday

Thursday

Friday

1. Welcome and introduction - Ken Giller
2. Presentations from CRPs on their key tradeoff questions + tools
CRP7
Philip Thornton + Lini Wollenberg
CRP1.1
Anthony Whitbread
CRP1.2
Bernard Vanlauwe
CRP5
Katherine Snyder
CRP6
Meine van Noordwijk
CRP3.3
Bjoern Ole Sander
CRP3.7
Mark van Wijk
CRP3.1/2 Bruno Gerard
3. Overview of trade-off approaches in agricultural
research– results from literature review and key
informant interviews - Lotte Klapwijk
4. Discuss agenda, logistics, desired outputs
Piet van Asten
Discuss applications, session 1
- Workgroups of 4-5 people discussing relevance
for their CRP, knowledge and capacity gaps in
their CRP, develop ideas to apply the approaches
in ongoing research, potential steps for
implementation.

Afternoon
Arrival
Keynote Presentations – Session 1
I. Trade-offs at farm level
Dave Harris, ICRISAT
Pablo Tittonell, WUR
Discussion
II. Trade-offs at landscape / watershed level
Meine van Noordwijk, ICRAF
Jetse Stoorvogel, WUR
Discussion
Cocktail

Keynote Presentations – Session 2
III. Trade-offs at regional / global levels
Petr Havlik, IIASA
Monika Zurek, Climate Focus
Discussion
IV. Achieving impact
Todd Crane, WUR
Javier Ekboir, ILAC
Discussion
Synergies and outlook
- Explore synergies (across CRPs)
- Discuss workshop output and way
forward.

Discuss applications, session 2
- Workgroups of 4-5 people discussing relevance
for their CRP, knowledge and capacity gaps in
their CRP, develop ideas to apply the approaches
in on-going research, potential steps for
implementation.
Diner
Travel back

3.

Farming Systems Research & Trade-off Analysis

Current tasks and setup of agricultural research executed within the CGIAR demand a
farming systems approach. Smallholders often manage complex and diverse
agroecosystems (Astier et al., 2011), which are highly heterogeneous, a result of a
variety of agroecological and socioeconomic environments, a wide variability in farm
management and resource endowments (Giller et al., 2011). Such complexity
encountered on an average smallholder farm has raised the need for ‘Systems Thinking’.
Therefore to achieve our mission, and especially to reach the objectives of the systems
CRPs, we need to understand agricultural systems as thorough as possible. “Farming
system analysis will identify for whom and where different intensification strategies are
most likely to help” (Giller, 2012). Farming systems research came into prominence in
the 1980s. Participatory systems approaches, such as Farming Systems RDE, place
farmers and their advisers within the boundaries of the farming system. Systems
approaches are not simple blueprints for success and must be developed to meet local
conditions. One good example of a systems approach is the DEED-cycle designed by
Giller et al. (2008).

Figure 1. NE-DEED research method (Giller et al., 2008)

In most cases, resources and investments are limited, and their strategic allocation in
space and time impacts on system attributes such as efficiency, vulnerability and
resilience (Tittonell, 2013). When resources are scarce, decisions on their allocation to
competing activities within the farming system entail trade-offs of different nature
(Tittonell, 2013). Combining the facts on limited resources with the inherent complexity
of (mixed) agricultural systems, we face the need for trade-off analysis, especially if we
want to design sustainable systems. The analysis of trade-offs and/or synergies has
therefore become a very important and relevant part of today’s agricultural research
agenda. Farming Systems and Trade-Off Analysis are complex issues, involving multiple
dimensions and scales (time, spatial, hierarchical). All systems include several factors
and components, types of in- and output, constraints and objectives. Depending on the
scale, more than one stakeholder could be important and each stakeholder brings along
at least one more objective, possibly conflicting with another.
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Introduction and welcome – Ken Giller
Prof. Ken Giller welcomed all participants, after which he gave a short introduction into
the topic of trade-off analysis in agricultural systems. Followed by a brief overview of
the topics to expect during the following days, both summarized in the following list.
Trade-offs - and synergies?
• Resource scarcity – and resource use efficiencies
• Time scale – productivity vs. sustainability
• Spatial scale and hierarchical level
– Field, farm, farming system, ‘terroir’, landscape, watershed, region,
country, globe
– Physical/geographical vs. political levels
• Claims – from global to local
• Win-win? – win-lose – or lose-lose scenarios
• Power – whose voice, whose power
• Methods and approaches
• Key questions and hypotheses
Two examples were given of research projects that worked on the analysis of trade-offs:
AfricaNUANCES and Competing Claims.
Rules of engagement
At end of this first presentation, the rules of engagement were set:
• Simple, plain language
• Short questions – short answers
• Open and vigorous discussion – please frame criticism and comment positively
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4.

Trade-off issues and tools per CRP

During the first morning of the workshop, a representative of each of the eight CRPs
presented the key trade-off issues encountered and tools used, within the respective
research programs. Following are brief summaries of each presentation, the full
presentations can be found online (see Appendix D).
4.1
Climate Change, Agriculture and Food Security (CRP 7) – Philip Thornton
and Lini Wollenberg
‘Assessing adaptation, mitigation and risk management options at multiple scales’
Different spatial and temporal scales.
What are the trade-offs and synergies between benefits and costs (social, economic,
nutritional, environmental) at:
• Household an/or community levels
• National, regional, or global levels?
Many examples: new technology  production increases  product prices decrease 
social benefits for urbanites  individual producer dis-benefits, so no adoption…
Priorities for attention
• Develop systems approach to link Trade-Off Analysis
• Sustainable intensification efficiencies and sustainability under climate change
• More understanding of options and impacts from (1) short-to long-term and (2)
benefits and costs across social groups
Challenges
• Costs of measuring multiple dimensions
• Managing process for understanding and applying local stakeholder values in
specific places
4.2

Dryland Systems (CRP 1.1) – Anthony Whitbread

‘Key trade-offs questions and tools for “Dryland Systems”’
Key-features of the dryland systems: 65% if the worlds’ agricultural land, holding
majority of the poorest people, mixed farming systems, high climate variability and high
vulnerability to climate changes, extensive degradation, and need for systems analysis.
Trade-offs and scale: from the plant, to the field / flock / forest, to the farm / household
and finally the community / watershed / regional scale.
Plant to field-scale
Trade-off examples
• High and low harvest index (fodder, building material vs. grain)
• Short duration risk avoidance vs. longer duration higher yielding
• Effect of stay green traits in sorghum across environment
Tools
• Detailed crop models that capture interactions between environment and
genotype… and phenotype
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•

e.g. Hammer et al. (2010) uses “sufficient physiological rigour for complex
phenotypic traits to become emergent properties of the model dynamics.”
[Hammer et al. 2010. J. Exp. Botany 61(8), 2185-2202.]

Field to farm-scale
Trade-off examples
• Fallow weed control and consequences for soil water at sowing (& labour tradeoffs)
• Quantifying the riskiness of various intervention strategies (e.g. fertiliser
response * season)
• Comparing decisions around crop type/variety and time of planting
Tools
• Crop-soil models that capture interactions between environment and genotype
(e.g. APSIM, DSSAT)
• Summary models that capture model output statically (e.g. IAT)
• Farm level models that capture interactions (e.g. APSFARM, NUANCES)
Farm to watershed or regional-scale
Trade-off examples
• Impacts of soil conservation measures (buffers, etc.) in watershed to national
level erosion assessments (e.g. USDA)
• Impacts of widely adopted agronomic interventions on watershed processes
(e.g. Lake Tana in north-western Ethiopia).
•
Tools
• SWAT-APEX-EPIC (http://swat.tamu.edu/ http://apex.tamu.edu/)
• Bio-economic modeling frameworks (farm to regional) e.g. or Integrated
Agricultural Assessment Tools (IAAT) (CIRAD & CIHEAM)
Conclusions
Mixed (crop-livestock) farming systems are dominant and therefore key trade-offs at
field/farm level include enterprise selection/ labor/ residues/ investment/ climate risk
management…
Tools available (defined largely by the interested partners):
• Pasture-tree-crop-soil modeling (CSIRO, APSRU group, Australia)
• Whole farm/watershed management (Texas A&M University, USA)
• Animal (CIRAD) and whole farm to regional economic modeling (CIHEAMMontpellier)
• Underpinned by efforts to develop research methods support (Reading
University)
A ‘community of practice’ of model expertise underpin many of the CRP1.1 activities.
Systems analysis is not just about the tools, it is also how they are applied (e.g.
Whitbread et al. 2010, Ag. Systems show four distinct modes of use in SSA)
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4.3

Humid Tropics (CRP 1.2) – Bernard Vanlauwe

Sustainable intensification of farming systems

Trade-off issues in the Humid Tropics
1. An improved system-modeling framework that allows for integrated assessment
of the impacts of specific interventions on productivity, profitability, and natural
resource integrity under different biophysical and community settings within
and across Action Sites.
2. A set of tools for trade-off analysis between various indicators related to specific
interventions at various scales based upon the specific objectives of different
stakeholder groups.
3. An understanding of necessary conditions for the occurrence of triple-win
scenarios.
4. Tools for strengthening adaptive capacity of the stakeholder groups involved in
the R4D platforms to participate in trade-off analysis and conflict resolution.
Decision making at the household/livelihood level
Farm typologies and resource endowment/production objectives  From win-win to
lose-lose?

Decision making at the household / livelihood level
Entry points and trajectories towards sustainable intensification  Short versus longterm benefits
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Decision making at the landscape/community level
Value chains versus Natural Resource Integrity  Resource-to-Consumption framework

Value chain approach versus equity  ‘Inclusive Market-Oriented Development’
(ICRISAT)
Decision making at the community/regional level
Varying stakeholder interests  Negotiation support - van Noordwijk et al.)
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Tools needed

4.4

Water, Land and Ecosystems (CRP 5) – Katherine Snyder

Trade-offs within CRP5
• Trade-offs in livelihoods
• Trade-offs in time: short- versus long-term
• Trade-offs in space
• Trade-offs at the landscape scale: struggling with boundaries
• Trade-offs among ecosystem services
4.5

Forests, Trees and Agroforestry (CRP 6) – Meine van Noordwijk

Challenges: Temporal pattern, spatial pattern and institutional challenge at turning
point. Boundary objects (ecosystem services, socio-economic devt, governance systems,
each several indicators/attributes) for several land-use systems.
Step1: qualitative. Step 2: quantitative.
Key trade-off questions in CRP6
• CGIAR SLO1+2+3 vs. 4
• Forest vs. People
• Sparing, sharing, caring
• Buffer vs. intensification
• Tree cover transitions vs. EcoSystem functions
• Tree water use vs. climate influence
• Terrestrial C-stock vs. income
• Motivations to reduce emissions
• Small vs. large scale investors
• Subsistence & market by gender roles
Tools
•
•
•
•
•
•
•
•

Global data sets
Spatial analysis
Sentinel landscapes
Multiple-knowledge appraisals
Tree-Soil-Crop models
System trade-off plots
Policy Analysis Matrix
Agent-based models
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•
•
•

4.6

Role-play games
Participatory LU plans
Learning landscapes

Global Rice Partnership (CRP 3.3) – Bjoern Ole Sander

Eight examples of IRRI projects in Asia were given. More on one specific example:
agricultural vs. non-agricultural use of water from the Angat river, in the Philippines.
Summary trade-offs
 CH4 reduction vs. N2O increase
 Less snails vs. more rats
 Water Manila vs. water to farmers in Bulacan
 Scientific accuracy vs. bringing the message across / having impact (?)
4.7

Meat, Milk and Fish (CRP 3.7) – Mark van Wijk

Targeting
Trade-offs between productivity and environment and trade-offs across scales/levels;
interaction between community – farm livelihood, both influencing the environment.
Tools
Community = multi-agent models, land use models, farm livelihood = farm models,
simulation and optimization and environment = rangeland, hydrology, soil C and
greenhouse gas (GHG) models.
Approaches: heavy computing (see Figure below: result of inverse modeling), more
simple modelling (Figure 2)  Alleviation (for example of both grain production as well
as milk production). Toys / tools are available, but several challenges: (i) rapid

10

parameterization / model testing across sites, (ii) up-scaling / out-scaling and (iii)
models good for strategic analyses, but how meaningful on the ground..?
Questions to be asked: which indicators
along the axis, which strategies result in
certain outcomes, where do actors want
to be, what are the thresholds, is
alleviation possible?
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4.8

WHEAT and MAIZE (CRP 3.1 and 3.2) – Bruno Gerard

‘Trade-offs and options’ from the INRM Research Process: trade-off aren’t something
new.
Scales matter and research at different levels needs to be integrated. Therefore:
• Need to adopt/develop novel research methods and widen our range of skills
• Time scale: understanding the dynamics, trajectories, shocks, drives. Innovation.
Theory of change…
• Spatial scale / level
- Field (data gap, G x E x M, weed resistance, adaptation, mech., mitigation, P
mobilization)
- Farm (resource allocation, gender, nutrient cycling)
- Landscape (communal res., social cap)
- Country, region
• Multi-scale prospective / ex-ante analysis, targeting and recommendation
domains
Conservation Agriculture: biomass trade-off in mixed crop-livestock systems.
Source: Herrero et al. 2010,
Science
Concluding
My trade-off, your trade-off,
their trade-off: perception,
values, ethics, gender,
weight, uncertainties,
present versus future!
What is our core
development model?
Is global food security vs. poverty reduction in small scale farming systems a trade-off?
The optimistic Win-Win, Best Bet, SMART, etc…
Harmonization and implementation of quantitative and qualitative indicators across
scales…
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5.

Keynote presentations – Session I

Four keynote presentations were held during the first session on Tuesday afternoon, by
Dave Harris from ICRISAT, Pablo Tittonell from WUR, Meine van Noordwijk from ICRAF
and Jetse Stoorvogel from WUR. Below follow the abstracts of each presentation.
5.1

Dave Harris – ICRISAT

Title: ‘Wide boundaries for rural systems: implications for household decisionmaking and adoption of agricultural technology’
Full-time reliance on agriculture in the smallholder sector is uncommon, largely because
most farms in, e.g., Sub-Saharan Africa and India are too small. Consequently, rural
households must take account of other income-generating (or welfare supporting)
opportunities when making decisions about how they conduct their agricultural
enterprises (and vice versa, of course). This is Trade-Off Analysis as practiced in the real
world. However, as agricultural researchers who are interested in what farmers do and
what they could do, we tend to focus on agricultural systems rather than livelihood
systems, farmers rather than rural households. Consequently, most (?) Trade-Off Models
tend to limit their scope to relatively narrowly defined system boundaries. It is my
hypothesis that extending the boundaries of the system that we concern ourselves with
will increase our understanding of household decision-making and how that affects
adoption of new technologies.
5.2

Pablo Tittonell – Wageningen University

Title: ‘Quantitative approaches to trade-offs analysis in agricultural systems’
Trade-offs emerge in decision-making when resources are scarce, or when objectives
that are prioritized by different stakeholders, considering different spatial and temporal
scales, or in response to diverging concerns. Trade-offs are common between today’s
productivity and long-term sustainability, between farm economic efficiency and
regional employment, between food security and negative externalities in the form of
environmental impact, etc. The design of multi-functional agroecosystems requires
fulfilling various objectives simultaneously. Often two or more of such objectives may be
in conflict when they are mutually exclusive or in competition when the fulfilment of
one of them results in a partial detriment for the other. In analysing trade-offs between
two objectives, such an inverse relationship can be described in the simplest of cases as
being proportional and constant. In most cases, however, trade-offs are more complex
than that and may exhibit thresholds or cases of strong substitution, in which fulfilling
one objective makes it almost impossible to fulfil a second one, or cases in which
complementarities or compromise solutions are possible. Trade-offs may be analysed
quantitatively through the simple calculation of the elasticity of substitution between
objectives. Shadow prices, opportunity costs, payment for environmental services, etc.,
are all examples of such ways of quantifying trade-offs. To capture the complexity and
feedbacks in the interactions between the socio-economic and biophysical dimensions
of agro-ecosystems, trade-offs can be better assessed through model-based
explorations, or the ex-ante evaluation of the consequences of (management or
strategic) decisions on the fulfilment of two or more objectives under different
scenarios. The models used for this vary in their complexity, and their implementation
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requires an initial identification of trade-offs formulated as hypotheses. Multiple goal
optimization models, referred to nowadays as bio-economic models (Janssen and van
Ittersum, 2007), are frequently used to analyse trade-offs. An alternative is to use
inverse modelling techniques (global search algorithms, e.g., Tittonell et al., 2007; Groot
and Rossing, 2011), which allows a number of objectives to be optimized by running
dynamic models with a huge number of different combinations of parameters that
represent farm management decisions. Finally, although often less robust in terms of
biophysical detail, agent-based modelling approaches allow comprehensive trade-offs
analysis considering interacting actors with different claims on natural resources in a
rural territory (Valbuena et al., 2010). Examples, opportunities and limitations of such
approaches will be presented for further discussion.
References
Groot J.C.J. and Rossing W.A.H., 2011. Model-aided learning for adaptive management of natural
resources – An evolutionary design perspective. Methods in Ecology and Evolution 2, 643–
650.
Janssen S. and Van Ittersum M., 2007. Assessing farm innovations and responses to policies: a
review of bio-economic farm models. Agricultural Systems 94, 622–636.
Tittonell P., van Wijk M. T., Rufino M. C., Vrugt J. A., and Giller K. E., 2007. Analysing trade-offs in
resource and labour allocation by smallholder farmers using inverse modelling techniques: a
case-study from Kakamega district, western Kenya. Agricultural Systems 95, 76–95.
Valbuena D., Verburg P.H., Bregt A.K. and Ligtenberg, A., 2010. An agent-based approach to model
land-use change at a regional scale. Landscape Ecology 25, 185–199.

5.3

Meine van Noordwijk – ICRAF

Title: ‘Trade-offs at landscape & watershed level – an introduction’
System-level development outcomes 1, 2 and 3 of the CGIAR, and associated Millennium
Development Goals, can be approached by assuming a landscape consists of farms with
crop and/or livestock production as their primary goal and with relatively weak
biophysical interactions at landscape scale, but outcome 4 and the associated Rio
conventions require an explicit landscape focus. Lateral flows of water, soil particles,
nutrients, fire, pest and disease organisms and their biological enemies, pollinators and
seed dispersal agents all contribute to non-area-based scaling rules for land
productivity, where the total result depends not only on the area fraction of the various
land uses, but also on their spatial configuration and pattern. This ecological complexity
is greatly enhanced by the multiplicity of actors and stakeholders that are involved in
negotiations at landscape scale, about the desirable balance of environmental, social and
economic outcomes and ways to achieve this. The concept of environmental (and nonprovisioning ecosystem) services helps to communicate the issue, but does not reduce
the need for metrics of buffering and regulatory functions that can be used to
substantiate claims. The basic shape of trade-off curves informs the segregate/integrate
and sparing/sharing debates, but is itself scale dependent. Tools are available to explore
and visualize the way quantified lateral flows influence landscape level outcomes of
plot-level land management choices and to link this to representations of decision
making at multiple scales.
Recent references:
van Noordwijk M., Leimona B., Jindal R., Villamor G.B., Vardhan M., Namirembe S., Catacutan D.,
Kerr J., Minang P.A. and Tomich T.P., 2012. Payments for Environmental Services: evolution
towards efficient and fair incentives for multifunctional landscapes. Annu. Rev. Environ.
Resour. 37, 389–420.
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van Noordwijk M., Tata H.L., Xu J., Dewi S. and Minang P., 2012. Segregate or integrate for
multifunctionality and sustained change through landscape agroforestry involving rubber in
Indonesia and China.. In: Agroforestry: The Future of Global Landuse. Nair PKR and Garrity
DP (eds.), Springer, The Netherlands. pp 69–104.
Lusiana B., van Noordwijk M., Cadisch G., 2012. Land sparing or sharing? Exploring livestock
fodder options in combination with land use zoning and consequences for livelihoods and
net carbon stocks using the FALLOW model. Agriculture, Ecosystems and Environment 159,
145–160.
Jackson, L.E. Pulleman, M.M., Brussaard, L., Bawa, K.S., Brown, G. , Cardoso, I.M., De Ruiter, P.,
García-Barrios, L., Hollander, A.D., Lavelle, P., Ouédraogo, E., Pascual, U. , Setty, S., Smukler,
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5.4

Jetse Stoorvogel – Wageningen University

Title: ‘Trade-offs at landscape/watershed level – The assessment’
Agroecosystems are the most important managed ecosystems in the world. An
increasingly diverse array of leading public policy issues – including sustaining
agricultural livelihoods, protecting water quality and other natural resources, and
assessing global climate change mitigation strategies – create a demand for information
about the economic and environmental properties of agricultural production systems.
To make informed decisions, public stakeholders ranging from community leaders to
national policy decision makers need to be able to assess how agricultural systems
respond to changes in external stimuli such as changes in production technologies,
policies, and shocks such as climate change. Trade-offs are a useful tool to provide this
information as they do not only provide insight on the individual indicators but also on
their joint distribution and how these relations shift under different scenarios. The
landscape/watershed level is an extremely relevant level for policy makers but at the
same time a challenging one for the assessment. The scale is too detailed to ignore the
decision makers, i.e. farmers, in the assessment but at the same time too general to
include individual decision makers. In the assessment of tradeoffs, we can follow
different procedures to describe the spatial variability: take a sub-sample of farms,
define representative farms, or study the distribution of farms. Each of the procedures
has advantages and disadvantages for the final assessment. We will use the Trade-off
Analysis Model to discuss the advantages and disadvantages of the various procedures.
The impacts differ between different indicators. Where for food security one (arguably)
may only be focusing on the total production in the region, for environmental impacts
one may be particularly interested in the tails of the distribution, i.e., where are things
going wrong. The analysis yields a number of important lessons for the assessment of
trade-offs at the landscape/watershed level that may be useful for future assessments.
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6.

Break-out session I – (Dis)-Advantages of Various Tools

Both mornings following the keynote presentations were used for further discussion in
small break out groups. The objectives of the first session were to discuss the content of
the presentations; the (dis)-advantages and applicability of the various research tools to
analyse trade-offs at various scales, as well as lessons learned, and the way forward. One
and half hour was available for the thematic discussion, supplemented with thirty
minutes for blue-sky thinking. We reconvened with all participants to report back on the
results of the group discussions. Each of the 4 groups presented key findings of their
discussion with a 5-10 minute presentation of about 5 slides. The discussions were
structured using three themes; ‘Complex versus simple’, ‘Harmonization versus
diversity’ and ‘What’s new?’
A.

Complex versus simple

(ROOMS G510 and G511)

a.
Resources are always limiting and in the end ‘back of the envelope
calculations’ seem to do the job very well at low costs. Getting access to skilled
people, sufficient time, high quality data, and enough funds for ‘complex’ modeling
approaches is really difficult.
b. Participatory approaches to identify and understand trade-offs can be more
effective to create insight than desktop modeling depending heavily on lots of high
quality (experimental) data. NOTE: stakeholder involvement to create impact will
be discussed tomorrow.
6.1

Break-out group 1. ‘It depends’

Main message: ‘IT DEPENDS’
•
•
•
•
•
•
•
•

What resources do I have, does the time frame allow complexity?
Anticipatory monitoring, prioritization of data needs
Combine biophysical and socioeconomic problems
Which amount of data is enough to be simple enough to answer the question
Starting quick and dirty, additional questions demand more complex tools
How many farmers are on the trade-off line, many farmers are not even on the
line and need to change many things to get there…
Use simple 1st steps, based on literature and previous experience then move to
more complex approaches.
Key steps: resources, the nature of the site, type of question you are trying to
address

Scale
• How do you translate analysis and results from small scale to larger scale (CRPs
cover very large areas)
• Data complexity needs at different scale levels
• You can address many issues (small scale) with participatory approaches faster
• If you do it quick and dirty you are talking of the NOW of the farmer, but if you
want to look into the future you need more complex systems
• Temporal and spatial scales have to be addressed
• Hierarchies of decision making along the value chain
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Blue-sky thinking
• Generic flexible online toolbox for trade-off analysis
• Website where you can go to find models, lit, requirements, experts, etc.
• Off-farm income = adaptive capacity
• Integration of gender aspects
• Investigate basics of household decision making
• Capacity mapping within CRPs and partners = communities of practice
(comparable to CGIAR-CSI)
6.2

Break-out group 2. Complex vs. simple

General observations
• Results of complex models are difficult to interpret
• Simplified systems
• Models for informed decision making/discussions
• Use of models
- Research tool
- Discussion tool
- Extension tool
• Complex versus simple  Complex AND simple
Challenges & Constraints
Getting access to:
• Skilled people
- Important for all modeling studies, particularly for back of the envelope
calculations.
- It is a perception that modeling is difficult
• High quality data
- What is needed? Better definition (AgMIP, K. Shepherd)
• Sufficient funds
- We wonder whether this is specific for modeling
- CRPs are a good opportunity for long-term model development.
Participatory approaches:
• Participatory approaches should be combined with the modeling approaches.
• Models as discussion tools/extension tools part of participatory tools
• Skilled people are also a limitation for the participatory approaches.
• Participatory approaches are a broad category with its (dis) advantages
Blue sky
• Include new/different disciplines (psychologies/political scientists)
• So far cutting edge modeling  up-scaling
• Data limitations particularly on ag. management.
• Models should identify key drivers that can be collected
• Risks
• Short term vs. long term views
• Other modeling approaches?
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B.

Harmonization versus diversity

(ROOMS G509 and C229)

a. There is a minimum set of key indicators that need to be considered when
analyzing trade-offs in agricultural systems
b. There is need for a common framework to collect the indicators and conduct
the trade-offs research. If basic steps in analytical framework are missed, then
results will be flawed and useful comparisons between trade-off studies (e.g.
different sites, themes, CRPs) become impossible.
6.3

Break-out group 3. Harmonization vs. diversity

Propositions
B: Yes.
A: Yes, but…

Cross scales, can be from genotypes to regions.
Evaluation

Value of Agricultural
Production
Food (Grain) Self Sufficiency
in Dry years

Value of Agricultural production
with low prices

100

Employment
generation

Food (Grain) Self
Sufficiency

50

0

Value of Agricultural
production in Dry years

Forage Self
Sufficiency

Value of Production
variation with prices
Value of Production
variation with rainfall

Scenario
System1.21

Soil losses

Biocide
sprayed

Scenario
System1.3
2

(López-Ridaura, 2005)

Proper ontology of indicators.
Simple questions simple answers, and misleading answers.
Context + Mechanisms = Outcomes.
BUFFER = 1 – variance with/variance without.
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C.

What’s new?

(ROOM C221)

a. The CGIAR reform and our revived interest in systems thinking is perhaps
great, but what’s really new? How are the tools proposed creating insights that we
did not have before? We have to justify the investments to donors, after all.
b. The CGIAR is not really equipped for conducting trade-off analysis. We lack
the human capacity to conduct the research and to understand and document key
lessons.
6.4

Break-out group 4. What’s new?

“Systems Thinking resurgent across CG or still a niche concept?“
• Systems CRPs that take systems work to sensible end points
• Getting beyond description
• Getting beyond the farm, to livelihoods, landscapes (ecosystem services) and
value chains
• Maybe restricted within commodity centers (take straw as well as grain into
account)
• Change the way researchers behave
What does ‘Systems Thinking’ add to participatory approaches?
• Farming systems got stuck in method development (lots of characterization but
not much ‘action’ – although some examples (e.g. CIMMYT East Africa Economics
Programme – Adaptive Research Planning in Zambia – Tiwari et al., increased
maize yields in Nepal)
• Overtaken by participatory ‘action’ research and innovation systems that
concentrate more on the participation than the systems thinking
• Is a systems’ resurgence required in the CGIAR with new focus, tools and remit?
What’s new?
• Research in (rather than for) development
• Taking innovations to scale (space and time – livelihood systems are dynamic in
a development trajectory – Hans Binsanger)
• Embracing broader range of ecosystem services (scales; trade-offs)
• Getting beyond silver bullets - what works where and for whom
• Embracing fine scale variation in drivers of adoption (of technologies and
approaches) at nested set of scales:
- Soil
- Climate
- Farming practice
- Livelihood systems
- Social capital
- Markets
- Policy
The Challenge
Fine-grained variation in:
- Soil (biota)
- Climate (altitude, AEZ)
- Farming practices
- Household characteristics
- Market opportunities

19

-

Social capital
Policy, and its implementation

Addressing the challenge
• Understand variation of drivers of adoption (new tools and data available)
• Try out sufficient range of options across a sufficient range of variation in
drivers (modeling required to set up rigorous systematic and experimental
testing),
• Measure performance objectively and through farmer feedback / adaptation,
• Model, generalize and interpret results across scaling domains
• Embrace and address uncertainty – refine ability to predict suitability of
innovations in co-learning paradigm – progressively reduce risk of innovation
• Tools to connect research, extension and farmers as one system – e.g. underpin
innovation platforms (but with powerful tools that bring evidence to bear on
decisions) - need practical tools (and capacity strengthening) to match options
to sites and circumstances
• Emerging tools:
- Mobile phones (geo-reference where people are) John Corvett
- Net mapping – power within value chains
- Agent-based modeling and role playing games
Capacity strengthening
• Within the CG and with partners
• Not enough to have methods that work, but need them to be in widespread use
• CG not resourced to do this – still a research organization
• Implications of research in development is a different resourcing model and
different sets of skills and partnerships
• Skill sets required (which within CG which with partners?):
– Data managers
– Social facilitation (sociable, social scientists) - connectors
– Political ecology - interdisciplinary
• Need to be part of the innovation process to learn about it and influence
What systems CRPs need
• Sample (work across) variability rather than select few sites from which IPGs
are generalized
• Collate new characterization data for broad ‘target areas’– pinpoint gaps – and
then fill them
• Partnership (co-learning) with upstream centers of expertise rather than simply
subcontracting
Blue sky
• Ten percent
• Seek specific blue sky funding (Leverhulme, Australia)
• Hear more about failures
• Learn across CRPs – periodic meetings to share experience
Extension method – message, audience, context
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7.

Keynote presentations – Session II

A second set of four keynote presentations was held on Wednesday afternoon, by Petr
Havlík of IIASA, Monika Zurek of Climate Focus, Todd Crane of WUR and Javier Ekboir,
of ILAC. Below follow the abstracts of each presentation.
7.1

Petr Havlík – IIASA

Title: ‘Trade-offs at regional and/or global level’
Land, a major input to the agricultural sector, is globally available in fixed quantities and
hence is a source of multiple trade-offs. The primary trade-offs arise at the farm level
where the famer needs to decide about the allocation of his land among alternative
activities. At the regional/global level trade-offs between production of commodity and
non-commodity goods can become more important. In this presentation, we will
illustrate the nature and magnitude of the problem on several case studies covering
both global and regional scale, and aspects going from food availability, through land use
and land use change, to biodiversity, water use, and GHG emissions. We will conclude by
considering several intensification options and evaluating their sustainability with
respect to multiple criteria. The examples are based on calculations from a global
agricultural and forestry sector model – GLOBIOM. The model is constructed around a
detailed spatially explicit supply side representation, where Leontief production
functions represent individual management systems and are calibrated by means of
biophysical process based models. Because of the solid link to land, and sectorial and
spatial coverage, the model is particularly suitable for assessment of trade-offs arising
from agricultural production.
7.2

Monika Zurek – Climate Focus

Title: ‘Trade-offs at regional and/or global level’
Over recent decades our understanding of complex systems - their elements, set up and
dynamics – has advanced rapidly. These advances have also revealed the difficulties in
devising management options for these systems, especially as usually multiple
objectives of diverse stakeholders have to be taken into account and harmonized.
Scenario planning has emerged in recent years as one tool for devising option to
managing complex systems, be it a farm, a watershed or the planet. Developing
scenarios can help to 1) better understand the elements and driving forces, their speed
and interactions, which govern the system, 2) clarify the multiple objectives that
stakeholders have with respect to the system’s management, 3) visualize trade-offs
often made implicitly when deciding on a course of action, and 4) decide on and
communicate a strategy for managing the system. Using examples from global and
regional scenario exercises on global environmental change and food systems, the
presentation will cover the scenario planning methods, the use of qualitative as well as
quantitative information, how to tackle scale issues in scenario building and how to
decide when and how to use the scenario planning method, particularly when interested
in trade-off analysis.
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7.3

Todd Crane – Wageningen University

Title: ‘Analysis of Trade-offs in Agricultural Systems – Achieving Impact’
“Achieving impact” through applied agricultural research is a question of how
researchers articulate with the realities of agricultural practices and policies. Research
institutions’ pursuit of greater impact, in both qualitative and quantitative terms, is
enabled by a two key factors. The first of these is an accurate understanding and deep
appreciation of the realities of agrarian livelihoods, in terms of material practice, social
organization, technical knowledge and cultural values. If we take changing agricultural
practices as the fundamental mechanism of achieving impact, research must begin and
end with practices that work within and satisfy the full complexity of farmers’ livelihood
needs. The second factor for achieving impact, stemming from the first, is a function of
how we organize and conduct our own work as researchers. This includes how tradeoffs
are defined (and by whom), what tools we use to analyse them, what technologies we
invest in to address underlying stressors, and how decision making processes over the
hard choices implicit in tradeoffs are conducted. These four aspects of research are
closely intertwined, each of the carrying substantial importance in terms of the how
much and what kinds of impacts applied research can make. This lecture will address
some of the internal dynamics of both agrarian and research cultures, as well as some of
the diverse ways that they interact and will conclude with a comments on new modes of
practice that are oriented toward achieving impact.
7.4

Javier Ekboir - ILAC

Title: ‘Analysis of Trade-offs in Agricultural Systems: Achieving impact’
Complex systems can be analysed as interacting sets and subsets of human and natural
variables operating at different scales and speeds. The dynamics of one set often
influences the dynamics of the others at the same or different scales. In general, events
in the lower levels do not have consequences beyond their own set, but occasionally,
several sets become coordinated and they influence higher levels. In very rare occasions,
the whole system becomes synchronized and major (catastrophic) events occur. In
natural systems, the coordination occurs spontaneously; in systems that include humans
the coordination may result from deliberate actions. Humans usually operate at the
lowest level, e.g., the farm. Occasionally, they operate at mid levels by setting rules that
govern the lower levels (e.g., collective management of a natural resource or national
policies). The difficulties of reacting to climate change show the hurdles society faces to
operate at the global level. For the CGIAR, achieving impact at levels above the single
farm requires providing instruments that facilitate the coordination of multiple
variables at the lowest level. The instruments include scientific information, seeds,
collaboration in innovation networks and coordination of actors. To provide the right
instruments it is essential to have theories of change that adequately reflect the
dynamics of the natural and human processes (including the role of science in
development) and to interact with a sufficiently diverse and committed set of partners.
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8.

Break-out session II – Creating Impact and Outcomes

Both mornings following the keynote presentations were used for further discussion in
small break out groups. The objectives of the second session were to discuss how to use
the results of our trade-off research to create outcomes and impact. One and half hour
was available for the thematic discussion, supplemented with thirty minutes for bluesky thinking. We reconvened with the whole group to report back on the results of
discussions. Each of the 3 groups presented key findings of their discussion with a 5-10
minute presentation of about 5-10 slides.
The discussions were structured using three themes:
A.

Theory of change

a. Our research interventions are dominantly based on the concept that a gradual
process of ‘improved’ technology and policy adoption helps farmers move in a
more favorable direction. However, significant changes are often the results of
unforeseen shocks in the system and our ability to anticipate and influence
‘shocks’ is much more limited than we think and communicate to donors.
b. Interactions and variability within the system are so large, that attributing
impact to research is virtually impossible. We should not be bogged down with
donor needs to show impact, but should just focus on creating efficient production
technologies with smaller environmental footprints that are accessible to large
community of agricultural practitioners.
8.1

Break-out group 1. Theories of change and changes of theory

Framing
 Outcomes in terms of possibilities, system capacity, resilience
 Honesty – need for realism in what is promised
What are the limits of current articulation of out-comes
• Linear
• Drive bidding war of telephone directory numbers
• Unrealistic
• Static (themselves and in relation to fixed baseline rather than underlying
trends)
• Hierarchical from SLOs – but SLOs 1,2 and 3 v 4 represents an inherent trade-off
• Based on assumption of gradualness rather than acknowledging tipping points
(thresholds and step changes)
Theory of change encompasses change in outcomes. Outcomes can change –
agroecosystems more resilient to shocks – geographical – price shocks, pest and disease
– what are the key things – diversity of organizations in the landscape.
Honesty and process indicators
• Often more realistic that we might be able to alleviate hunger – rather than move
people out of poverty?
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•
•
•
•
•
•

What if you improve resilience but not productivity? There are often trade-offs
amongst outcomes.
Need to specify which farms, which farming systems (thresholds, sizes) will
benefit – easier to get impact for those already starting with an advantage.
Resilience – farm, livelihood, society – identify where you can have impact
Theories of change need to embrace underlying trends
Contribution may be more plausible than attribution
Contributions to global thinking on issues is valuable and should be a legitimate
outcome

Assumptions about underlying trends
• In a recent meeting, researchers from Lund found that farm size had halved in
many countries – 6-7% urban growth was endogenous – still high rural growth
rates.
• Assumption that farm sizes will consolidate is not necessarily universally safe
• Need to be honest about what can and can’t be done
• Scenarios help with this – theories of change need to be set against scenarios (or
plausible futures) – this may create huge variances in potential outcomes
• Scenarios need to include drivers
• Should there be a consensus set of scenarios across the CG, as there are for
SLOs?
– Should we develop a process to define them?
– If we do, how often should they be revised?

Scenario 1

Scenario 2

Scenario 3

Plausible
future
space

Scenario 4

Scenario 5
Theories of change
are
envisaged here as changing
outcomes against trends in
prevailing scenarios

In discussion – Phil Thornton pointed out that normative scenarios, where you define a desirable
future (within the plausible future space) and then work backwards to define steps to get there, are
effectively theories of change.
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Theories of change moveable feasts
• Start with a theory of change and then change it as you:
• Think it through
• Start making progress (modifying it against how reality pans out)
• Current CRP reporting allows this in that ‘lessons learnt’ can be recorded and
precipitate ‘changes in direction’
Trade-offs amongst SLOs
• Theories of change could be scenarios that contribute, to a greater or lesser
extent, to all SLOs – and can then be depicted as a four legged spider graphs
• Increasing eco-efficiency is one way of incorporating trade-offs within an
outcome
• Productivity v ecological integrity (NRM) – short term vs. long term productivity
– isn’t NRM a part of sustainable intensification that brings these together?
• Process level indicator – are you moving along the Impact pathway (e.g. network
mapping – how connected are you with ‘action’ rather than ‘research’ actors) –
what is the quality of knowledge exchange across this network
• Can we develop process indicators for capacity strengthening (beyond numbers
of graduates, courses, etc.)
Indicators of process – network mapping – 90% with research organizations – no impact
pathway

Principles of outcome articulation
• Dynamic (they should never be static)
• Built on good understanding of scenarios, drivers, context
• Should be built on (refer to) system definition – and these definitions often need
to be broader than in the past (not only built on smallholder farmer or the crop –
needs whole household or livelihood context, possibly more – e.g. value chain,
farm-ext-res system)
• Who are the actors (institutions, processes) driving the process and whom
should we seek to influence?
– e.g. perhaps engaging Unilever will create more impact than engaging
small tea farmers directly
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Shocks – tipping points
• Recovery from shock – getting back to where you were before the shock or do
we need to be improving on this?
• Maybe a viable theory of change is to keep things static, or less worse than
would occur without intervention?
• Negative shocks - (need early warning signals – so we can anticipate and
mitigate tipping points)
• Positive shocks (need signals for recognizing entry points that we can act upon)
• At what scale are shocks felt and mitigated?
– Farm, or larger; - farm-extension - research system?
IITA cassava disease control example shows how ‘research’ averted huge losses
– capacity of farm-ext-res system to mitigate unanticipated shocks is a selling
point for donors but needs indicators to be articulated as an outcome
• Planning for shocks should be included in theories of change
Conclusion

B.

Trade-offs for researchers

a. We need to show short-term impact to donors and come with short-term tools,
whereas adoption processes are inherently slow and require addressing longterm impacts. We have to convince donors and research managers that the heavy
emphasis on short-term impact numbers is counter-productive.
b. How does the world look like once we’ve achieved our impact? We want to
target to poor and vulnerable, but early adopters will win and the poorest and
least innovative farmers will become less competitive and more vulnerable. Do we
conduct ethical-free science, or should we be bothered?
8.2

Break-out group 2. Trade-offs and Impact

“Researchers role and tools in the innovation process”
The question
Can we, at different scales, show that knowledge of trade-offs make a difference?
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The case
In a complex resource scarce world single-issue objective/policies are of inferior and
perhaps damaging.
In a political sense, the opposing parties lobby the policy maker or public opinion –
informed involvement in presenting trade-offs is necessary.
Informing the debate- detrimental trade-offs are often perceived as worse than the
actual trade-offs (e.g. conflicts between farmers and foresters)
Decisions made are often non-rational, therefore we should identify where science plays
a role (e.g. flooding in Bangkok vs. dry season irrigation)
But can we demonstrate that considering trade-offs at higher scales have helped
(questions over whether the impact that the analyses of the Millennium Ecosystem
Assessment Development Goals made… communication?)
Our role
• Credibility, relevance and legitimacy-these 3 buttons need to be pressed at the
same time. Mix the emphasis depending on your audience but include the 3
aspects.
• Rigorous and pre-emptive science must be on going and provide more examples
of trade-offs and inform the debates with evidence-based work.
• Pre-emptive – knowledge about slowly variables is long term.
• Recognise where in the “issue cycle” that science plays a role
• Dedicated communication teams – we can’t be all things to everyone – mix of the
science message and the public aspects
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C.

Researcher’s role and tools in the innovation process

a. If we want to do relevant research, then it should be more geared towards
generating knowledge that helps decision makers (from farmers to politicians)
make more informed decisions about the trade-offs of their decisions. This
requires a rethinking the role of researchers in the innovation process.
b. We are not sufficiently equipped with proper communication tools/approaches
to engage with end-users. We don’t have (a) one problem (e.g. diseased plant)
with (b) one solution (e.g. resistant variety) and (c) one technology transfer
pipeline, but we now have to communicate to potential end-users about (a) a
complex of interrelated problems/challenges across scales (time, space, actors),
(b) a range of possible interventions each with their own trade-offs, and all of this
(c) without a clear transfer pipeline to mainstream our ‘recommendations’ to this
diverse group of actors with diverging interests and control over resources. We
need to seriously rethink our communication tools.
8.3

Break-out group 3. Researchers’ role and tools in innovation process

Roles
• Researcher being part of the research system
• Where does the researcher position him/herself
(facilitating vs. observing)
• Research for development vs. Research in development
• Institutional arrangements are the framework of how you see research and
development – researcher too central in innovation process
• Are researchers flexible enough to address problems that come up? You are
locked in your log(lock)frame / can researchers still come with their own ideas
or demand-driven?
• Actors can use researchers to get to their goal – pass their message
• Impact pathways  a lot of trade-offs / equity neutral interventions/ gender
neutral interventions  can be a tool for Theory of Change
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Tools
• Translating tools in practical things that people can use otherwise same people
getting better
• Tool is a means to achieve something, but need to be trained, what do we want
to achieve?
 Theory of change in industry, but what about agriculture? Commercial
agriculture at one end, but an enormous group of subsistence farmers at the
other end
 Trade-off analysis is a process, you learn a lot during the process. Careful not to
reflect too much. Trial and error, engage with actors
 Knowledge without access to the tools you need can be very frustrating
 People are adopting, but their livelihoods are not improving…
Communication
 How do you communicate to people that are not receptive, are not interested in
the intellectual process
 You need to know what is driving their behavior
 Trade-offs  conflicting objectives at different scales
 We need to make knowledge transparent, formalize knowledge
 Innovation processes: you have to start all over again in a new location
 Engage actors in the process if you want to communicate
 Long time process  10 years (Gates) other donors dependent on politics /
reforms of CGIAR

Communication tools
 Material that is useful for farmers (e.g. shamba shake-ups)
 Our role is training the trainers, not training the farmers
 Communicating with people that are responsible for implementing the policy,
not only the policy makers
 Work with people that are interested in making the change (ex. Rwanda,
decisions makers are often scientists)
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Complex is cool vs. Getting lost in complexity: for communication, simplify but
not simplistic

Blue sky
 Changing the scale of research and experimentation – experimental economy –
randomized control trials
 Mapping innovation processes
 Study the research process – learning from what we are doing – impact
pathways
 Analyze if trade-off analysis is doing something for people
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9.

CRP Working groups

The final afternoon of the workshop was used to discuss the workshop outcomes;
lessons learned the way forward and also to explore opportunities for cooperation
within the different CRPs. Three CRP working groups were created; representatives of
CRP 7 formed one group, while CRP 1.1 combined with CRP 1.2 and CRP 5 combined
with CRP 6 were the basis of the other two groups. Participants without an affiliation to
any of the CRPs (the external participants and several from Wageningen University)
joined one of the groups according to their interest.
Presentation 1.

CRP 1.1 and 1.2

Take home messages
• Areas of focus: Crop livestock interactions vs. biomass; decision making; tradeoffs agro-biodiversity and system intensification; intensification vs. environment
• Consensus that a livelihood focus is most appropriate
• Added value of trade-off analysis when applied to data being collected
• We should not get stuck in characterization; we should activate learning and
feedback loops (‘quick’ feedback based on participatory reflections)
• Various methods exist (quantitative + participatory): how to operationalize
these? How do we integrate across scales?
• It’s easy to get complex; we should not overcomplicate – use simple tools if
possible; how much extra are we going to learn by getting more complex; simple,
but not simplistic
• Communications and engagement of stakeholders on trade-off analysis (e.g.
scenario approach)
• Lots of advance to bring linkages between CRPs and Centers – are donors
perceiving this change?
What next?
Immediate
 Summary of the meeting – capture thoughts and discussions
 Presentations available
 Integrate trade-off issues in the planning meetings
 Inform the choice of Action Sites (for data collection) – IPG nature
 Inventory of tools available (web-site)
 Half page news piece for the Consortium newsletter
Later (but still soon)
 Establish a way forward for continuing interactions on trade-off analysis; we
should organize ourselves before being organized towards concrete outputs
 Capacity/human resources to use the variety of tools within the CRPs
 Identify common sites for co-learning across CRPs
 Integration of tools between scales
 How do we measure learning from interacting with partners on trade-offs
 Share learning about operationalization of trade-off analysis
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Later (within 1-2 years)
 International conference (science) or a session within an international meeting
(e.g. International Farming System Design meeting)
 Expose progress to GCARD (partnerships and politics)
Presentation 2.

CRP 7

Next steps for CRP 7
by Peter, Alex, Siwa, Santiago, Kai, Bjoern, Mark, Lini, Lieven, Philip.
•

Follow-up in California in March (CCAFS Science Meeting): report back in one of
the parallel sessions on integrated assessment, and an evening side-session

•

Dimensions of trade-offs: time, space, multi-stakeholders: related to food
security, livelihoods, environmental sustainability

•

Proofs of concept: demonstrate trade-offs at different scales:
- CCAFS regional scenarios, household / local level modelling
- Coffee/cocoa systems (BMZ), adaptation / mitigation: IFPRI, CIAT, IITA
- AgMIP: ICRISAT, ILRI
- Global Futures: multiple centers
Global to regional to household ok; from household up to global, we need to
work on

•

Framework paper (sort-of exists); another iteration with examples
“Community of practice”

•

Handbook (SAMPLES, “how to” protocols for GHG measurement; and a chapter
on trade-off analysis)

•

A wiki

•

A tool website (agrimod.org) – metadata on tools: develop the placeholder that
exists (Hutton etc.)

•

Lotte’s review  WP, journal article

•

IIASA - CGIAR data collaboration
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10.

Survey

In an attempt to get an insight into the current situation regarding the importance of,
and the capacity to execute trade-off analysis, a survey (Appendix E) was handed out to
all participants; summaries of their institutes and CG-center are presented below.
Institute
CGIAR
Climate Focus
Earth Institute
IIASA
ILAC
UNEP-WCMC
Uni of Gottingen
UVM
WUR
TOTAL

Participants
23
0
1
0
1
1
1
1
4
32

CG-center
Bioversity Int.
CIAT
CIMMYT
ICARDA
ICRAF
ICRISAT
IFPRI
IITA
ILRI
IRRI
TOTAL

Participants
1
4
3
2
3
2
2
3
2
1
23

Question 1. How important is Trade-Off Analysis in achieving research objectives, for:
Personal

not imp. (1)

low imp. (2)

important (3)

very imp. (4)

crucial (5)

Past (<3 yr)

3

5

8

9

5

Current

1

3

3

16

7

Future (>3yr)

1

0

4

11

14

TOTAL

5

8

15

36

26

important (3)

very imp. (4)

CRP A

not imp. (1)

low imp. (2)

crucial (5)

Past (<3 yr)

4

9

10

4

1

Current

1

3

7

13

5

Future (>3yr)

0

1

2

14

12

TOTAL

5

13

19

31

18

Partners

important (3)

very imp. (4)

Past (<3 yr)

not imp. (1)
2

low imp. (2)
7

8

2

crucial (5)
2

inapp/ ?
5+8

Current

0

3

8

7

3

5+8

Future (>3yr)

0

0

6

8

8

4+8

TOTAL

2

10

22

17

13

14

* inappropriate
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CRP B

not imp. (1)

low imp. (2)

important (3)

very imp. (4)

crucial (5)

Past (<3 yr)

3

3

4

5

0

Current

0

2

5

7

3

Future (>3yr)

0

0

2

11

4

TOTAL

3

5

11

23

7

Partners

not imp. (1)

low imp. (2)

important (3)

very imp. (4)

crucial (5)

inapp/ ?

Past (<3 yr)

1

1

5

2

2

5

Current

0

1

3

3

4

5

Future (>3yr)

0

0

1

4

6

5

TOTAL

1

2

9

9

12

15

Question 2. How is the capacity (HR) to execute Trade-Off Analysis, for:
Personal

absent (1)

insuff. (2)

moderate (3)

near suff. (4)

sufficient (5)

inapp/ ?

Past (<3 yr)

4

14

4

4

4

2

Current

1

9

8

7

4

3

Future (>3yr)

2

2

1

10

10

7

TOTAL

7

25

13

21

18

12

CRP A

absent (1)

insuff. (2)

moderate (3)

near suff. (4)

sufficient (5)

inapp/ ?

Past (<3 yr)

4

15

4

3

2

1

Current

3

6

11

4

4

1

Future (>3yr)

1

4

4

6

10

4

TOTAL

8

25

19

13

16

6

absent (1)

insuff (2)

moderate (3)

near suff. (4)

sufficient (5)

inapp/ ?

Past (<3 yr)

7

6

3

3

0

5

Current

2

8

5

4

1

4

Future (>3yr)

1

5

4

5

3

6

TOTAL

10

19

12

12

4

15

CRP B

Partners

absent (1)

insuff (2)

moderate (3)

near suff. (4)

sufficient (5)

inapp/ ?

Past (<3 yr)

0

9

5

1

2

2

Current

0

4

6

6

2

1

Future (>3yr)

0

0

4

4

8

3

TOTAL

0

13

15

11

12

6

absent (1)

insuff (2)

moderate (3)

near suff. (4)

sufficient (5)

inapp/ ?

Past (<3 yr)

4

6

1

1

1

6

Current

2

6

2

3

1

5

Future (>3yr)

1

2

5

2

4

5

TOTAL

7

14

8

6

6

16

Partners
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Question 3, ‘What are the most important challenges to incorporate Trade-Off Analysis
in your work?’ was answered by all but one respondent:































Challenge: lack of human resources  skilled and equipped staff
Time, resources, new qualified recruits
Coherent framework of analysis: spatial component / temporal component /
stakeholder component
Proper analytical framework & soft coupling of methods and approach
A: Time = we should not underestimate how intensive these studies become, and
B: Finding skilled people
Time to do stakeholder consultation & time it takes to build the %^&#$ model
containing indicators to define the benefits and costs adequately
Capacity in partners
Gaining the knowledge, making first steps
Data to calibrate models
Systems perspective from field base agronomist, data availability and
harmonization, human resources and skills
Skills, integration into research plans
Striking a balance between agricultural intensification and ecosystem services to
beneficiaries at landscape level
Human resources / skills on modelling & time dedicated to that work
Staff / capacity & knowledge / experience with existing tools
Time to learn the tools & building up capacity (budget) & access to knowledge
Modelling for major trends & IPG – Nature of the analysis and outcomes
Time-intensive & knowledge intensive
Resources; both skills (for more advance optimization) and money (for the
additional data collection)
Skilled human resources & identifying the demand for TO information (who will
use it…)
Costs; local partners, conceptualization, CG-partner participation, other partners
development, lack of data. Cost is mostly related to collecting data on GHG
emission
Lack of institutional support for new research paradigms with a central focus on
livelihoods & Backs of envelops too small
Looking at the number of approaches; the selection of which tool to apply where
and when
Capacity – training
Modelling capacity within institute and partners & Lack of systems thinking with
research management
Complexity & Lack of data & Human Resources
Data management, and storage, of enormous data-sets
Skills with national partners & Applicability of tool to specific area & Baseline
data (soils, climate, etc.)
Time: allowing sufficient time/resources to engage stakeholders & Farm-scale
and higher-scale tool – knowledge and expertise for using such tools
Human capacity, particularly in terms of modellers (both biophysical and socioeconomic)
Sales-pitch on win-in needed to get funding & Effective interdisciplinarity that is
needed versus disciplinary trained scientists
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Question 4, ‘Could you recommend two most relevant / recent publications on TradeOff Analysis? is summarized in Appendix A (References).










Adaptation Mitigation Trade-offs – Climate Policy 2005
Aftholder et al. (2010)
Antle & Stoorvogel; several publications
Balmford et al. (2012?) Land sharing vs. land sparing
Benham and Ronre (1993) – multi-criteria analysis etc.
Claessens et al. (2012) Agricultural Systems 111, 85-95
Claessens et al. (2012) Journal of Land use Science 5, 259 – 275
Groot (2010) & Tittonell (2013) – Livelihood strategies and dynamics
Groot and Rossing (2011) Model-aided learning for adaptive management of natural
resources – An evolutionary design perspective. Methods in Ecology and Evolution 2,
643–650.




























Groot et al. (2010)
Harris and Orr (2013) Agricultural Systems
Hounkonnou et al. (2012)
House et al. (2008)
Jackson et al. (2013) – Landscape for urban planning, explaining trade-offs in a
spatially explicit way & Koazing et al. (2008) Crop Science– on eco-efficiency,
exploring trade-offs in an efficiency context with focus on … (?)
Lai et al. (2012) Comperative economic and gender labour analysis of CA
practices in tribal villages in India – Food and Agribusiness Management review,
Vol. 15, Issue 1
Lisson et al. (2010)
Lopez-Ridaura (2005) – Multi-scale Sustainability Evaluation
Magnan et al. (2012) Stuck on stubble? The non-market value of agricultural byproducts for diversified farmers in Marocco – AJAE
Moore (2009)
Msangi and Howitt, 2007 – Agricultural Economics 37
Palm et al. (2010)
Rodriguez et al. (2006) – Trade-offs across space, time and ecosystem services.
Ecology and Society.
Special issue of Biological Conservation on trade-offs
Tittonell - PhD thesis
Tittonell (2011) Analysing trade-offs in resource and labour allocation by smallholder
farmers using inverse modelling techniques: a case-study from Kakamega district,
western Kenya. Agricultural Systems 95, 76–95.

Valbuena et al. (2012)
Van Asten, Piet / IITA; coffee banana intercropping work
Van Noordwijk et al. (2012) Payments for Environmental Services: evolution towards
efficient and fair incentives for multifunctional landscapes. Annu. Rev. Environ. Resour.
37, 389–420
Van Noordwijk et al. (2012) Segregate or integrate for multifunctionality and
sustained change through landscape agroforestry involving rubber in Indonesia and
China.. In: Agroforestry: The Future of Global Landuse. Nair PKR and Garrity DP (eds.),
Springer, The Netherlands. pp 69–104

Vergold (2002) INRM lecture notes of ASB with guides to trade-off and scenario
analysis
Vervoort et al. (2013) GEC special issue – under review
Vrugt, Jasper; inverse modelling work
Whitbread et al. (2010)
www.tradeoffs.oregonstate.edu
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11.

Lessons learned

Conclusions
Trade-offs and their analysis are nothing new.
Many of the trade-off issues raised by CRP representatives were similar.
There is consensus that a livelihood focus is most appropriate.
Research for development (apposed to pure science) has become reality.
Also for us scientists, resources are the limiting factor in our work.
We should
• Communicate with communicators (shamba shake-up, radio plays, comics)
• Have active learning and feedback loops
• Bring a simple message
We shouldn’t
• Get lost in complexity
• Get stuck in characterization (diagnosis-trap)
• Bring a simplistic message
Remaining questions
One issue that most of the people/presentations flagged was the issue of scaling-up the
results; much of the work is at field and farm level.
Another important remaining question was: ‘Are stakeholders’ interested in and/or
receptive to our knowledge and work?’
The way forward
The group realized that there are great similarities in concepts and tools required for
the various CRPs and the increasing realization in the science and donor community that
holistic and integrated approaches are required for systems research and systems
development. To allow further sharing and exchange, the group discussed various
options, including the development of a community of practice that would allow
scientists from across the CRPs to share tools, datasets and experiences. It was
suggested that some of this could revolve around the collection of household
characterisation datasets in several sites (including the CCAFS core sties). These data
sets, whose collection and analysis is involving several of the CG centres, will be made
open access in early 2014.
The participants tentatively agreed that a conference should be organized in 2014 or
2015 to evaluate progress and examine the ‘state of the art’. This could be combined
with the ‘HumidTropics’ conference that is planned for late 2014 (Ed.: the latter was not
discussed in the workshop, but was proposed by some participants during the report
writing).
Several participants agreed to contribute to draft a review paper on the issues discussed
during the workshop.
Output
 Report workshop
 All 30 presentations that were held during the workshop are available online on
SlideShare and in Dropbox (see Annex D)
 The review: ‘Analysis of trade-offs in agricultural systems: current status and
way forward’, by Klapwijk et al., 2014
 Blog-piece CCAFS
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Participant list

Nr.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

Last name
Campbell
Claessens
Crane
de Pinto
Descheemaeker
Ekboir
Gerard
Giller
Harris
Havlik
Jassogne
Kizito
Läderach
Lopez-Ridaura
Msangi
Palm
Paul
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Sander
Sassen
Siles
Sinclair
Snyder
Sonder
Stoorvogel
Thornton
Tittonell
van Asten
van Ginkel
van Noordwijk
van Wijk
Vanlauwe
Whitbread
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Bruce
Lieven
Todd
Alex
Katrien
Javier
Bruno
Ken
Dave
Petr
Laurence
Fred
Peter
Santiago
Siwa
Cheryl
Birthe
Todd
Bjoern Ole
Marieke
Pablo
Fergus
Katherine
Kai
Jetse
Phil
Pablo
Piet
Maarten
Meine
Mark
Bernard
Anthony

Affiliation
CIAT
ICRISAT
WUR
IFPRI
WUR
ILAC
CIMMYT
WUR
ICRISAT
IIASA
IITA
CIAT
CIAT
CIMMYT
IFPRI
Earth Institute, CU
CIAT
ICRAF
IRRI
UNEP-WCMC
Bioversity Int.
ICRAF
CIAT
CIMMYT
WUR
ILRI
WUR
IITA
ICARDA
ICRAF
ILRI
IITA
Uni. of Göttingen

CRP
7
1.1

34
35
36

Wollenberg
Yigezu
Zurek

Lini
Yigezu
Monika

UVM
ICARDA
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7, theme 3
1.1

7, theme 3
1.1

1.1
1.2
5
7, theme 4
7
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1.2
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3.3
5
6
5
3, 7
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1.2, 7
1.1
6
3.7
1.2
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M.VanNoordwijk@cgiar.org
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Lini.Wollenberg@uvm.edu
Y.Yigezu@cgiar.org
M.Zurek@climatefocus.com
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Annex C.

Biographies keynote speakers

Dave Harris – ICRISAT Nairobi
Dave is Principal Scientist (Agro-ecosystems/Climate Change) with ICRISAT based in
Nairobi, Kenya, for the past two years and is the ICRISAT coordinator for the Dryland
Systems (1.1) CRP for Eastern and Southern Africa. Prior to moving to Nairobi, he was
co-manager of the DFID Plant Sciences Research Programme at Bangor University, UK.
He has more than 30 years’ experience of agricultural research in less-developed
countries, particularly in the fields of crop physiology, agronomy and participatory onfarm collaboration, including long-term assignments in India (intercropping), Botswana
(land and water management) and St. Lucia (production agronomy), and many shorter
assignments throughout South Asia and Sub-Saharan Africa. His current research
focuses on understanding why rural households adopt/don’t adopt/dis-adopt improved
agricultural technologies.
Pablo Tittonell – Wageningen University
Pablo Tittonell is since March 2012 chair Professor of the group Farming Systems
Ecology of Wageningen University, in The Netherlands, and holds a Professorship at the
Ecole Doctorale Sibaghe (Systèmes Intégrés en Biologie, Agronomie, Géosciences,
Hydrosciences, Environnement) of the University of Montpellier. He is an agronomist by
training and worked both in the private sector and in academic/research organisations.
His areas of expertise include soil fertility, agroecology and farming systems analysis. He
participated in a diversity of research and development projects ranging from periurban, low-input vegetable production, through agricultural sustainability, carbon
sequestration, crop-livestock conservation agriculture, to integrated soil fertility
management by smallholder farmers. He was based at the Tropical Soil Biology and
Fertility (TSBF) Institute of CIAT in Nairobi, Kenya, where he was part of the core team
of the NUANCES project, and at the University of Zimbabwe, where he run research and
educational programmes on soil fertility and conservation agriculture. He worked as a
researcher at CIRAD (Centre de coopération Internationale en Recherche Agronomique
pour le Développement) where he led a research team on Systems Design and
Evaluation of the Unité de Recherche Systèmes de Culture Annuels (12 scientist, 2
posdocs and 10 PhD candidates based in Montpellier, La Réunion, Brazil, Burkina Faso,
Cameroun, Vietnam and Zimbabwe). He currently supervises more than 15 PhD theses
and is involved in several research for development projects in Africa, Asia and Latin
America.
Latest publications
Tittonell P. and Giller K.E., 2012. When yield gaps are poverty traps: The paradigm of ecological
intensification
in
African
smallholder
agriculture.
Field
Crop
Res.,
http://dx.doi.org/10.1016/j.fcr.2012.10.007.
Tittonell P., Muriuki A., Klapwijk C.J., Shepherd K.D., Coe R. and Vanlauwe, B., 2012. Soil
heterogeneity and soil fertility gradients in smallholder agricultural systems of the East
African highlands. Soil Sci. Soc. Amer. J., doi:102.2136/sssaj2012.0250.
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Meine van Noordwijk – ICRAF
Meine van Noordwijk is Chief Science Advisor across all regions and global research
programs at the World Agroforestry Centre (ICRAF). He also leads the organizationwide environmental services research area. From 2002 to 2008 he was Regional
Coordinator for Southeast Asia. Before joining the Centre, Meine was a senior research
officer in the Root Ecology Section at the DLO Institute for Soil Fertility Research in
Haren, the Netherlands, concentrating on models of the relationships between soil
fertility, nutrient use efficiency and root development of crops and trees. He also worked
for two years as a lecturer in botany and ecology at the University of Juba in Sudan.
Meine has a PhD in Agricultural Science from the University of Wageningen, the
Netherlands and an MSc in Biology from the Rijksuniversiteit Utrecht, the Netherlands.
His primary research interests are: (i) Tree-Soil-Crop interactions in agroforestry
systems and their model representation (architecture and function) as basis for
understanding of productivity and environmental impacts (water flows, C-stocks, aboveand belowground biodiversity), (ii) Tropical tree cover transitions in relation to
economic/social/policy drivers of land use change, consequences for livelihoods and
environmental services, and feedback options; boundary work on the interface of local,
public/policy and science-based ecological knowledge and (iii) Fairness and efficiency of
reward mechanisms and regulation as basis for environmental policies in the tropical
forest margins, including climate change mitigation and adaptation.
Jetse Stoorvogel – Wageningen University
Jetse Stoorvogel is associate professor Soil Geography and Landscape at Wageningen
University (the Netherlands). The chair group Soil Geography and Landscape aims to
contribute to sustainable soil management in a landscape context. He received a PhD in
1995 from Wageningen University on the rol of Geographical Information Systems as a
tool to explore land characteristics and land use in integrated assessments. Between
1995 and 2000 he was fellow of the Royal Netherlands Academy of Sciences and Arts
(KNAW) studying the impact of spatial variability on the evaluation of land and land use.
In 2002 he was appointed member of the Young Academy of the KNAW that focuses on
interdisciplinarity, science policy, and the interface between science and society. His
current research focuses on the development of integrated assessment models with
specific emphasis on the role of bio-physical simulation models (including both crop
growth and environmental impact) and the acquisition of environmental datasets. His
research focuses particularly on Africa and Latin America.
Petr Havlík – IIASA
Dr. Petr Havlík is the Leader of the Global Biosphere Management group at the
International Institute for Applied Systems Analysis (IIASA) in Austria since 2007 when
he joined after a short post-doc at INRA Paris-Grignon (France). Petr has a PhD in
Business and Economics from University of Motpellier I, France, and Mendel University
in Brno, the Czech Republic. He is the main developer of the agricultural and forestry
sector model – GLOBIOM, working on issues related to agricultural production and its
social and environmental impacts. Petr held a joint position with the International
Livestock Research Institute (ILRI) in Nairobi, between 2010 and 2012. During that time
he studied in particular the trade-offs and potential solutions in the global livestock
sector. Petr has been leading and participating in a large number of projects
commissioned by the European Commission, the World Bank, the World Wildlife Fund,
CCAFS, and others. He is regularly publishing in peer reviewed academic journals.
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Monika Zurek – Climate Focus
Dr. Monika B. Zurek is a Senior Consultant Agriculture and Land Use with Climate Focus.
She has extensive experience in working on climate change, environment and
agriculture interactions in international organizations as well as in the philanthropy
sector. She worked in the Agricultural Development Team of the Bill & Melinda Gates
Foundation on strategies to improve environmental sustainability of agricultural
systems as well as farmers’ management of agricultural risk. Before that she served as
an environmental economist for the Food and Agriculture Organization (FAO) focusing
on food security and climate change/environmental change interactions, payments for
ecosystem services and mainstreaming environmental consideration into economic
decision-making in various African and Latin American countries. She was also part of
the Technical Support Unit of the Millennium Ecosystem Assessment (MA), working
particularly on developing scenarios of possible future environmental changes and their
impacts on people. She started her career as a researcher with the International Maize
and Wheat Improvement Center (CIMMYT) working in Costa Rica and Mexico on
research projects to investigate the processes governing small-scale farmers’ adoption
of environmentally friendly practices in developing countries. Monika holds a PhD in
agricultural economics from the Justus-Liebig-University Giessen, Germany, and a
degree in agricultural biology (dipl. ag.biol.) from the University of Hohenheim,
Stuttgart, Germany. She has published papers on methodologies for forward-looking
exercises as well as on food security and global environmental change issues and was a
lead author for the Intergovernmental Panel on Climate Change (IPCC), the Millennium
Ecosystem Assessment and the International Assessment of Agricultural Science and
Technology for Development (IAASTD).
Todd Crane – Wageningen University
Todd Crane is an assistant professor at Wageningen University in the Knowledge,
Technology and Innovation chair group (formerly Technology and Agrarian
Development). He is an interdisciplinary social scientist researching adaptive dynamics
in agricultural and pastoral livelihoods, particularly in the context of climate change and
variability in dryland Africa.
Javier Ekboir – ILAC
Management of research and innovation, capacity building for innovation and research,
planning in complex environments, and research and sectoral policies have been the
focus of my work as a consultant and researcher.
Professional experience: Working in international research institutes and universities,
I researched the nature of research and innovation capabilities and the joint dynamics of
globalization, innovation, and development in Latin America, South Asia and Africa. In
particular, I have studied a) research networks and the organization of interdisciplinary,
multi-institutional teams; b) the nature of organizational capabilities for research and
innovation and how these can be built; c) the performance of research systems in
developing countries and how they can be transformed to better contribute to
development; d) how innovation capabilities, collective action and the socioeconomic
environment jointly influence the design, implementation and outcomes of development
policies and programs; e) research and education policies; and f) the design and
diffusion of sustainable agricultural technologies. I have published more than 30 peerreviewed articles and book chapters and a similar number of working papers.
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My work as a consultant has included capacity building for research and innovation in
private and public organizations; assessing innovation capabilities in private firms and
farmer organizations; advising on policy design, implementation and evaluation of
research and innovation policies; and managing policy dialogs with different
stakeholders. I have worked with governments, civil society organizations, multilateral
institutions and international donors in research-based consultancies (including the
evaluation of science and technology programs) and action-research programs.
Interacting with policy makers and other stakeholders, I learned to use scientific
information to influence policy agendas, support decision-making, build partnerships
and foster dialog among stakeholders in the innovation system. I am currently leading
several capacity building programs, tailored to the particular needs of different actors in
the Mexican innovation system. Finally, I collaborated with civil society organizations in
the use of adaptive management approaches to explore new instruments to foster
innovation and spur economic growth. In my work as an evaluator, I use both
quantitative and qualitative approaches. I have published academic articles on the
nature of innovation capabilities and on methodological issues of evaluation of
innovation policies, especially how evaluation approaches should be redefined to take
into account insights from complexity theories.
Education: I hold a Ph.D. in agricultural economics from the University of California,
Davis; a M.Sc. in agricultural economics from the Hebrew University of Jerusalem; and a
first degree in economics from the Universidad de Buenos Aires.
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Annex D.

Poster keynote presentations
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Annex E.

Survey

Name:
CRP(s):
Position:

………………………….................
…………………/………................
………………………….................

1. How important is Trade-Off Analysis in achieving research objectives, for:
st

Me

1 CRP
My
institute

nd

Our partners

2 CRP
My institute

Our partners

Past (>3 year)
Current
Future (>3 year)

Scale
1: not important, 2: low importance, 3: important, 4: very important, 5: crucial

2. How is the current capacity (HR) to execute Trade-Off Analysis, for:
st

Me

1 CRP
My
institute

nd

Our partners

2 CRP
My institute

Our partners

Past (>3 year)
Current
Future (>3 year)

Scale
1: absent, 2: insufficient, 3: moderate, 4: near sufficient, 5: sufficient

3. What are the most important challenges to incorporate Trade-Off Analysis in
your work?
........................................................................................................................................
........................................................................................................................................
........................................................................................................................................
........................................................................................................................................
........................................................................................................................................

4. Could you suggest 2 most (recent) relevant publications on Trade-Off
Analysis?
........................................................................................................................................
........................................................................................................................................
........................................................................................................................................
........................................................................................................................................
........................................................................................................................................
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