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ABSTRACT. The agro-ecosystems of semi-arid and dry sub-humid SSA are inherently dynamic. At this
point in time they are also experiencing a series of complex social–ecological changes that make their
future even more uncertain. To ensure that development investments made today in the small-scale farming
systems that dominate these regions make sense also in a long-term perspective they should benefit the
local communities over a range of potential futures. We applied a participatory scenario planning approach
to a smallholder farming community in semi-arid Tanzania, exploring four alternative development
trajectories for the area, to increase the robustness of current investments in small-scale water system
technologies. We found that water system technologies will be important across a number of possible
futures, but that the most relevant target of these innovations, e.g., staple- versus cash-crop production, or
individual- versus community-managed systems, differs. We argue that building capacity for
experimentation among farmers is key to upgrading their farming systems, as this will generate benefits
over a range of alternative futures. Furthermore, we found it to be essential across a range of scenarios to
analyze the system-level impact of proposed interventions for successful investments in water system
technologies. We conclude that although the method presents some challenges, participatory scenario
planning is a useful tool for integrating research and development projects in the larger context, asit increases
the understanding of events and processes that may either challenge the project or provide opportunities
for it.
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INTRODUCTION

Governments, scientists, and NGOs are currently
making large efforts to improve productivity in the
small-scale farming systems that constitute the main
livelihood source in sub-Saharan Africa (SSA), as
this is seen as one of the most realistic routes to food
security, poverty alleviation, and development in
the region (Food and Agriculture Organization
(FAO)/New Partnership for Africa’s Development
(NEPAD) 2002, Diao et al. 2007). Current farming
systems are primarily rainfed and non-mechanized,
use very low levels of external inputs, and yield as
little as 1 ton/ha. A key constraint, especially in the
semiarid and dry subhumid parts of SSA, is water
availability (Falkenmark and Rockström 2004).
Although the conventional cure has been the

development of large-scale irrigation, recent
attempts to overcome crop water deficits have
increasingly focused on small-scale solutions,
including rainwater harvesting for supplemental
irrigation, conservation farming techniques, and
other types of small-scale water system innovations
(Falkenmark and Rockström 2004, United Nations
Development Programme (UNDP) 2006, Comprehensive
Assessment of Water Management in Agriculture
2007). This type of technology appears to have
significant potential to stabilize and improve yields
in small-scale farming systems (Fox and Rockström
2003, Liu et al. 2005, Kahinda et al. 2007, Makurira
et al. 2007), and the interest in water system
innovations as an option for semiarid and subhumid
SSA is currently high (Peacock et al. 2007).
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Dryland agro-ecosystems are, however, inherently
dynamic, with rapid rates of social and ecological
change, making it difficult to predict their future
development (Mortimore 2005, Reynolds et al.
2007, Gordon et al. 2008). The rainfall variability
generates large spatial and temporal variations in
productivity (Millennium Ecosystem Assessment
2005), and a range of other processes, including
urbanization, increasing connectedness, market
developments, and changing values, have driven
recent changes in traditional production and
livelihood systems (cf. Bryceson 1996). The strong
pressure for rapid transformation to reach the
Millennium Development Goals by 2015 further
increases the uncertainty surrounding the future of
these agro-ecosystems. If not accounting for these
processes of change, there is a risk that current
development interventions will be outdated before
they are implemented. Past examples of this include
the promotion of specific cash crops where the
market demand has later declined rapidly. Similarly,
“silver bullet” approaches focusing on single
technologies have frequently failed, as the rate of
technological change has been higher than the rate
of adoption. A well-known example is the treadle
pump that has been widely promoted by NGOs in
both Africa and Asia over the past two decades, but
which is becoming redundant because of the small
motorized pumps entering the market and filling the
need for water lifting with far less labor (Shah et al.
2000). Consequently, to ensure that investments
made today to upgrade small-scale rainfed farming
in dryland SSA also are useful over a long-term
perspective, they should be able to benefit the local
communities over a range of potential development
trajectories.

A way to explore the relative usefulness of specific
development and applied research projects under
various future conditions is to use scenario planning
(Wack 1985, Wollenberg et al. 2000a, Peterson et
al. 2003). This can help identify opportunities and
risks that a community might face in relation to
planned interventions and suggest management
strategies to respond to these situations. We used a
scenario-planning approach for a smallholder
farming community in semiarid Tanzania, focusing
particularly on how current investments in small-
scale water system technologies could be made
more robust (the rationale behind the focus is
expanded on in Appendix 1). The study was
conducted in the Makanya catchment where a
research and development project concerning
smallholder water system innovations has been in

progress since 2004 (Rockström et al. 2004, Bhatt
et al. 2006).

The paper begins with a short overview of scenario
planning as a tool for social–ecological assessments
and decision making, zooming in on its usefulness
in the dryland development context. This is
followed by an introduction to the Makanya
catchment and a description of the scenario-
planning process that was employed there. We then
present four alternative scenarios of the future of
Makanya, discussing the role of small-scale farming
and associated investments in each of them. We
conclude by suggesting how current water-related
investments in small-scale agriculture could
become more robust, and by highlighting lessons
learned from the scenario planning approach in
Makanya.

BACKGROUND

What is Scenario Planning?

Scenario planning is a systematic method for
creatively analyzing complex futures. A scenario is
an internally consistent and realistic narrative about
the future of a region that is informed by existing
conditions and processes, while also factoring in
future potential drivers of development (Gallopin et
al. 1997, Raskin 2005). Scenario planning uses
contrasts among several plausible futures to
highlight relationships between environmental
factors, management choices, and system dynamics
in a way that can inform decision making (Peterson
et al. 2003). Central to the process is identifying key
drivers of change for the considered system,
important uncertainties, and system feedback
processes that could strengthen or weaken particular
development trajectories (van der Heijden 1996,
Gallopin et al. 1997). Scenario planning can be used
to identify future opportunities and threats, and
thereby help navigating social–ecological systems
along more desirable trajectories (Peterson et al.
2003). An advantage of scenario planning is that it
can incorporate a wealth of information from a
variety of disciplines, and although dealing with
complex system dynamics, the outcome is often
easily accessible for scientists as well as policy
makers and lay people (Kok et al. 2007).

Scenario-planning exercises can be participatory or
expert led to varying degrees (van Notten et al.
2003) and performed from local to global scales, or
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sometimes across scales (Biggs et al. 2007).
Scenarios have been used in a number of expert-led
regional-scale agricultural planning exercises, for
example in Iowa (Santelmann et al. 2004), Denmark
(Tress and Tress 2003), the Willamette River Basin
in Oregon (Baker et al. 2004), and the San Pedro
River Basin across the USA–Mexico border
(Steinitz et al. 2003). However, few examples exist
where participatory scenario planning has been used
with the specific aim of improving the robustness
of particular development interventions (Wollenberg
et al. 2000a). In this paper, we provide such an
example by applying participatory scenario
planning to the social–ecological analysis of
agricultural development in the Makanya
catchment. If organized and applied well, this type
of scenario-planning process can become a
powerful tool for learning, consensus building, and
public action, which can make local communities
better at preparing for, adapting to, and shaping their
future (Wollenberg et al. 2000a, Peterson 2007).

Scenario Planning in the Dryland Development
Context

There are currently a number of on-going social,
economic, and environmental processes, whose
nature is dramatic and whose outcome uncertain,
driving change in semiarid and dry subhumid SSA.
Although there are strong forces at multiple levels
working for development, large parts of these
regions are marginalized, lacking infrastructure,
public services, and market access, and lag far
behind the rest of the world in human development
indicators (UNDP 2007). The vast majority of the
population live from small-scale farming and
livestock keeping, and their livelihood security is,
therefore, intimately linked with the local
agroecological productivity (World Resources
Institute (WRI) 2005). The productivity is,
however, limited both by the challenging hydro-
climate and by land degradation (Millennium
Ecosystem Assessment 2005). Over the past decade
(s), non-farm income sources have become
increasingly important for smallholders in these
regions (Ellis 1998, Bryceson 2002). This
development is driven both by push factors, such as
climate uncertainty and lack of fertile land, and by
pull factors, such as market developments and
changing preferences. One reason for the latter is
that the investments made in education over the past
decades have created a young generation that is
much more educated than their parents, and

consequently, has different opportunities and
desires (Bryceson 1996). Although these regions
still are predominantly rural, with less than 30% of
the population living in urban areas (UNDP 2007),
the urban population is expected to increase to 50%
by 2030 (United Nations department of Economic
and Social Affairs (UNESA) 2008). Finally, as
some of the aftermath from the 1980s’ economic
crises and subsequent structural adjustment
programs has settled, many of the countries in SSA
have managed to maintain a high annual economic
growth rate at around 5%–6% over the past years
(World Bank 2007). Although this is remarkable, it
should also be noted that this is the only region in
the world where the number of extremely poor
people has increased over the past 15 years. The
high level of uncertainty about the future, in
combination with the poverty-induced vulnerability
among the population, makes it particularly
important to design current development
interventions carefully. In this context, scenario
planning can be useful as a tool for exploring how
different interventions might play out over different
futures.

THE CASE STUDY

Site Description of the Makanya Catchment

The Makanya catchment is located in the South Pare
Mountains, Same District, Kilimanjaro region,
Tanzania (Fig. 1). The catchment is similar to other
rural areas in semiarid SSA in that it has experienced
a series of dramatic changes over the past decades
that suggest that several alternative future
development paths are possible (Fig. 2).

The catchment covers 320 km2 and hosts some 15
rural villages. It stretches from densely populated
highland areas, via a vast mid-slope area, down to
the plains, where the Dar es Salaam–Arusha
highway passes, a large sisal plantation operates,
and the village of Makanya is located. Between 35
000–40 000 people live in the area, and the
population grows at 1.6% per year (The United
Republic of Tanzania 2002). The dominant ethnic
group is the “Pare,” with about half the population
being Christian and the other half Muslim. The adult
literacy rate lies at 80% (The United Republic of
Tanzania 2005a).

The climate is semiarid to dry subhumid, and the
rainfall pattern bimodal. Annual average precipitation
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Fig. 1. The Makanya catchment. The left map shows the Makanya catchment on a satellite-image
background from Google Earth/Earthsat 2005. The right map shows the position of the catchment in
Northeastern Tanzania.

ranges from 500 mm in the lowlands to about 1000
mm in the highlands, but the rainfall is highly
variable both between and within years and the
variability has increased over the past decades
(Enfors and Gordon 2007). Small-scale farming,
that is non-mechanized and involves few external
inputs, is the principal food and income source.
Farmers grow maize for subsistence, with harvests
averaging just above 1 ton/ha (Food and Agriculture
Organization (FAO) 2008), and vegetables as cash
crops. In the highlands, agriculture is practiced
throughout the year supported by an indigenous
supplemental irrigation system (the “Ndiva”
system). At mid-elevations in the catchment,
farming is confined to the rainy seasons despite
“Ndiva” irrigation. Downstream in the catchment,
rainfall is too low for crop production and farming
is supported by a local spate-irrigation system.
Livestock keeping constitutes an important
additional livelihood source here. Farmers in all
parts of the catchment perceive lack of water as a
major constraint to crop production. Despite a
significant expansion of cultivated areas over the
past decades, relatively large areas of bush still exist
in the Makanya catchment. The bushland supplies
farmers with a range of provisioning ecosystem
services, such as fodder for livestock, firewood, and

construction materials. Although local people share
the opinion that this resource base is degrading, this
support is still very important especially when the
crops fail (Enfors and Gordon 2008). For more
details on the catchment’s historical development
see Enfors and Gordon (2007) and Fig. 2.

The farmers of the Makanya catchment are poor. In
2000, their average cash income was estimated at
149 000 Tsh per capita, which at the time
corresponded to US$150 (Same District Council
2006). Although most households in the catchment
consider farming and livestock keeping to be their
main income sources, a range of non-farm income
sources, including petty trade, wage labor,
remittances, and temporal labor migration also
contribute income. Lately, interest in mining (of, e.
g., gypsum, gemstones, and iron ore) has increased,
and some companies have started prospecting in the
catchment. Although many parts of the catchment
are inaccessible, infrastructure has improved over
the past few years, and there are daily transports to
Same, Moshi, and Arusha. Large parts of the
catchment have also received cellphone network
coverage recently, and although most households
still lack electricity, many farmers own cellular
phones. Despite these developments, market access
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Fig. 2. Schematic illustration of the development path in Makanya catchment. The highlighted line
symbolizes Makanya’s development path over the past century. The other lines symbolize alternative
pathways that may have been possible. Social, political, economic, and environmental events and
processes shape the development trajectories of social–ecological systems, determining which path will
be followed and when a system will change trajectory. Some examples of important events that have
shaped Makanya’s development are shown in the boxes. Black arrows symbolize points in time when
the development has changed its course, gray arrows symbolize a continuation of existing pathway, and
white arrows symbolize alternative pathways that may have been possible but were not followed. Over
the past decade(s), a number of dramatic changes have been taking place in Makanya, raising questions
about the future development trajectory in the catchment, as indicated by the arrows pointing toward
year 2030.

is still limited for the smallholders, and their farm
produce is mainly sold at local markets, a
consequence being that agricultural investments
yield low returns. More than 10 NGOs are active in
the area, working on issues such as crop production
and animal husbandry, marketing of agricultural
products, water provisioning, education, and health.
Parallel to the District council and village
governments, these organizations are important
actors driving community development in the
catchment.

Table 1 presents some official statistics on current
development trends in Tanzania, including data on
economic development, trends in human welfare,

demography, projected climate change, and
prospects for smallholder farming. Because these
data are not available at the local level, we have
interpreted the implications of these trends for the
Makanya catchment in the last two columns of Table
1. The extrapolation to year 2030 in column five
serves to demonstrate that substantial changes can
be expected in the area in the near future. For
example, with current population growth and on-
farm productivity, the amount of farming land per
capita would be too small to serve as a base for
farming livelihoods in 2030.
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Table 1. Official statistics on current development trends in Tanzania. In the two last columns, we have
interpreted the implications of these trends for Makanya catchment. Sources: The World Bank (2007),
UNDP (2007), IPCC (Boko et al. 2007, Christensen et al. 2007, Easterling et al. 2007), and the United
Republic of Tanzania (2001, 2002, 2005a, 2005b, 2006). Regional-, district-, and local-level data also come
from FAO (2008), Same District Council (2006), and Enfors and Gordon (2007).

Indicator National-level statistics Current implications for
Makanya

Implications for Makanya 2030:
direct projection of current trends

Economic
Development

Annual GDP growth On average 6.3%
between 2000–2006,
projected to increase to
7.9% by 2009

Investments in
infrastructure and
secondary education

—

Per capita income US$350 in 2006 Below national average,
US$150 in 2002

—

Human welfare Poverty (% of population
below the basic needs
poverty line)

31% in 2005, projected to
be 27% in 2010

About 11 000 people in
Makanya

7000–9000 people, depending on
population growth

Prevalence of
malnourishment

44% in 2002–2004 Food shortages during
2005–2006 drought

—

Adult literacy rate 59% in 1985–1994, 69%
in 1995–2005

>80% in Kilimanjaro
region

Increasing

Demography Annual predicted
population growth rate

2.4% 2005–2015
(urban growth rate at
4.6%)

35 000 people, the regional
population growth is about
1.6% annually

With 1.6% growth, the population
will be 52 000, with 2.4% it will be
63 000

Urban population (% of
total population)

24.2% in 2005, projected
to 28.9% in 2015

Young people are moving
to towns

Potentially changing demographic
structure, dominated by older
people and children

Climate change Temperature Increases of 2.5–3.5°C
likely during the 21st 
century

— —

Rainfall levels Increases up to 15%
expected during the 21st 
century (projections
consistent across most
IPCC scenarios)

562 mm/year, with large
variations

—

Extreme events Rainfall intensity likely
increasing, having a clear
negative impact on
agricultural productivity

Dry-spell frequency
steadily increasing from
1950s. After 1980, four out
of five “Masika” seasons
have a dry spell of 21 days
or longer

>four–five seasons with severe dry
spells

Agricultural
development

Yields Potential maize yield
reductions of up to 20%
during the 21st century
due to temperature
changes alone

1.14 ton/ha on average, but
drought-induced harvest
losses common

0.9–1 ton/ha providing no
improvements, may be declining
more if trend of increasing dry-
spell frequency continues

Available farmland per
capita

Average farm size 2.3 ha
per household, of which
80% is in use

2.5 ha per household (0.5
ha per capita), including
fallow land

0.28–0.34 ha per capita depending
on population growth, taking
agricultural land expansion into
account it would be 0.33–0.39 ha

(con'd)
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% of population living
from small-scale farming

Between 70%–80 %,
decreasing

Estimated to be higher than
80%

Decreasing

Average annual change in
forested area

-1.0% (1990–2005) Bushland covers 37% of
the catchment

Decrease to 28% of the catchment

Agricultural policy Focus on transformation
of subsistence to
commercial farming

Support for vegetable-
growing projects and food-
processing projects

-

The Scenario-Planning Process

The objective of the scenario-planning exercise in
Makanya was to develop four alternative scenarios
for the catchment’s future, describing in qualitative
terms agroecological conditions, livelihood
sources, and lifestyles in the area around year 2030.
We used a scenario workshop methodology based
on that developed during the Millennium Ecosystem
Assessment (Bennett and Zurek 2006).

To develop the scenarios, a 2-day workshop was
held in Makanya in December 2006, with a range
of local stakeholders. In total, 32 people took part
in the workshop (23 farmers from the catchment,
three chairmen from different villages in the
catchment, four local extension workers, one
representative of the District council, and one
representative of the major NGO in the area). These
participants were chosen to include a variety of local
perspectives in the scenarios while still maintaining
focus on the farmers’ perceptions. The workshop
was facilitated in English, with three interpreters
working in parallel to translate between English and
Swahili. Participants’ qualitative understanding of
the conditions and trends in the region corresponded
to the data in Table 1 fairly well, giving us
confidence that the scenarios emerged from a shared
understanding of the current situation of the
Makanya catchment.

In the first step of the scenario-planning process, the
participants were asked to discuss and list factors
that they thought would be important drivers of
change in the area in the coming 25 years. This was
followed by a ranking exercise, where these factors
were ranked both after their relative importance and
after their level of uncertainty (Table 2). A driving
force was classified as uncertain either if many
participants were uncertain about how it would
develop (e.g., will the national economy improve or
deteriorate?) or if they disagreed about how it would
develop. The drivers that are perceived as both

important and uncertain are particularly interesting
to explore in the scenarios. Having completed the
ranking, five such factors were identified. These
were combined in four different ways to form the
starting points for the four alternative scenarios (cf.
Wollenberg et al. 2000b). We settled on four
scenarios, following the advice of many scenario
practitioners, to have a fairly small and manageable
set, while avoiding the risk that three scenarios
would result in a good, medium, and bad one (see,
e.g., Wollenberg et al. 2000b). As seen in Table 3,
not all driving forces that were classified as
important and uncertain are included in all
scenarios. This is because our objective was to
explore the potential outcome of key driving forces
that were thought to be particularly interesting.
Having agreed on the starting points, the storylines
were developed in smaller groups in an iterative
process until they were reasonably consistent.

After the workshop, we edited and analyzed the
scenarios. Because the groups had structured their
storylines differently during the workshop, a
number of broad themes that were common to all
scenarios were identified (listed in Table 4). To
clarify each case description and facilitate
comparison, we broke down and restructured the
scenarios according to these themes. With the
scenarios organized this way, defining characteristics
were amplified to sharpen the contrasts between
them. We then reassembled the storylines.

The revised scenarios were discussed during a
focus-group meeting that we organized in Makanya
in June 2007 with eight key informants from the
first workshop (six farmers, one village chairman,
and one extension officer). We made some smaller
adjustments after this meeting, related to the relative
importance of different variables in the different
scenarios, and asked an artist to illustrate each
scenario. By combining images and narratives, we
were able to present a richer version of the final
scenarios to the local community. This presentation
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Table 2. Ranking of driving forces. Access to new agricultural techniques was ranked as the most important
driving force in the area, followed by health and local governance. The table also shows the participants’
perception of how these factors will change in the coming decades. This is expressed as percentage of
participants assessing the driving forces to become better/more, or worse/less, alternatively who don’t
know, in the future. N = 32.

Rank Driving force Better/more
(%)

Don’t know
(%)

Worse/less
(%)

1 Access to new agricultural techniques (agromechanization, RWH) 100 0 0

2 Health (HIV, nutrition) 50 34 16

3 Local governance (quality of leadership, measures against drug abuse,
environmental protection

63 25 12

4 Access to higher education (secondary schools in the area) 100 0 0

5 Work ethics / family values (preserving local culture, and customs,
including traditional systems for environmental protection)

38 50 12

6 National economy 75 22 3

7 Infrastructure (transport and communication, market access, energy) 88 9 3

8 Access to credit and savings opportunities 84 13 3

9 Approaches for collective action (common language, methods for
participatory work)

69 31 0

10 Climate (rainfall amounts, variability) 9 57 34

was made at a meeting held in Makanya in
December 2007, in which most of the participants
from the first workshop took part. At this meeting,
we also presented the local government and farmer
field school network with a report of the scenario-
planning process in Makanya, that described the
methodology as well as the results and that was
intended as a support to take scenario work forward
locally.

RESULTS

Driving Forces for Change and Scenario
Starting Points

The scenario-planning process identified 43 drivers
of change in the Makanya catchment, which were
classified into 10 categories. Access to new
agricultural technology was perceived as the most

important factor driving development in the area,
followed by health and local governance (Table 2).
The scenario participants were quite optimistic,
appraising most factors as becoming “better / more”
in the coming two decades. This tendency toward
optimism has been identified in scenario-planning
processes elsewhere (cf. Wollenberg et al. 2000b).
However, an important exception to the optimism
was that workshop participants expected the future
climate to worsen. The factors that were identified
as both important and uncertain, and thus selected
to form the scenario starting points, were “health,”
“local governance,” “work ethics / family values,”
“national economy,” and “climate” (see Table 3).
To make sure that the starting points were not overly
dominated by local driving forces, which
participants were more familiar with, but which may
not always be as important, we chose “national
economy” over “approaches for collective action,”
although the latter was perceived as more uncertain.
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Table 3. Starting points for the scenarios. The conditions for the starting point of the storyline are defined
as being better, undefined, or worse than the present (2006).

Scenario 1 Scenario 2 Scenario 3 Scenario 4

Local governance worse worse better undefined

National economy better undefined undefined better

Climate better worse worse More variable

Health undefined undefined better better

Work ethics / family values worse undefined better worse

The Scenarios

The four scenarios, which all are based on the
present-day situation in Makanya, but influenced by
different combinations of changes in local
governance, economy, climate, health, and values,
are presented below. Table 4 compares the social,
economic, and agricultural aspects of the scenarios.
Figure 3 provides an impressionistic illustration of
how the conditions in Makanya vary in the four
scenarios, which is a cropped version of the
illustrations that we used to communicate the
scenarios to the local community. Central to the
figure is one of Makanya’s crossroads. We chose
this focus both because it allowed us to show several
different aspects of the livelihoods simultaneously,
including infrastructure, trade, agriculture practices,
and environment, and because the crossroad serves
as a strong symbol of change.

Agricultural advance

In this scenario, a stable climate, a strong national
economy, and investments by Tanzanian
businessmen in food-processing industries drive a
transition from subsistence-based to market-
oriented production systems (see Appendix 2).
Farming becomes mechanized and intensified, and
new agricultural technologies spread fast from
businessmen to farmers and among farmers.
Although the catchment’s economy and infrastructure
grow quickly, social inequality increases, and the
farmers become more vulnerable to crop-price
fluctuations. The development improves the
wellbeing of many farmers, but it also damages

downstream water quality and reduces downstream
water availability.

Managing on the margins

In this scenario, a drier climate makes farming-
based livelihoods difficult (see Appendix 2). In
combination with institutional failure, this leads to
societal fragmentation, as the weak leadership at
local, regional, and national levels fails to deal with
the situation. As a response to the declining
productivity, a few entrepreneurs switch from
farming to other income sources, and manage to
improve their livelihoods. However, most of the
population is “managing on the margins,” forced to
extractive use of farmland and other natural
resources, and there is a vicious cycle of declining
farm productivity and declining quality and quantity
of the surrounding natural resource base that traps
many farmers in poverty.

Community cohesion

In this scenario, people come together to address
shared problems. Effective local leadership is
complemented by the activities of NGOs, who
enable village development projects (see Appendix
2). People still rely on small-scale farming, but
incomes rise due to an increasing focus on high-
value organic production and new income
opportunities such as ecotourism. Living standards
gradually improve in the community, but livelihood
security is still closely linked to rainfall. People
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Table 4. Scenario contrasts. The first column lists nine themes that were common for all scenarios. The
table shows the main differences between the scenarios according to these themes.

Agricultural advance Managing on the margins Community cohesion Industry imperial

Main income
sources

Agriculture (cash crops
and bio-fuels), food
processing, petty trading

Subsistence farming,
livestock keeping, logging,
charcoal making,
beekeeping, remittances

Small-scale farming (also
organic), livestock,
ecotourism, handicrafts

Mining, cement and tile
industries, office jobs,
transport, petty trading,
tourism

Local economy Better economy, but
increased inequality

No change for most, some
people worse off as harvests
fail, only better for a few

A bit better for most people Economic growth, but
capital leaves the area
Economic stratification

External change
agents
(The role of national
and local
governments vs.
other actors such as
NGOs and foreign
investors)

Good investment
climate and subsidized
agricultural inputs make
Tanzanian businessmen
start food-processing
industries and bio-fuel
production in the area

Local officials neglect their
duties
No efforts made by central
government to help local
communities cope with
drought or fight corruption
NGOs have a reactive rather
than proactive role, focusing
on, e.g., relief food

Local government helps
initiate community groups,
supported by NGOs
Foreign-owned ecotourism
hotel run in cooperation with
community group

Good economy has
connected Makanya to
the world, Chinese and
Kenyan industries
become important
Local government is
bypassed by investors,
over time it loses
influence

Source of
development
initiatives

Individual, but
cooperatives emerge for
bio-fuel production

Entrepreneurs leave farming
and start new businesses,
raising mixed feelings
among other villagers

Community initiatives, small
self-help groups and credit
schemes

New projects proposed
by companies rather than
local people or local
groups

Social cohesion /
inequality

Growing inequality,
everyone cannot keep up
with the rapid
development,
aggravated by
competition over land

Low community spirit /
working morale
Fewer children from poor
families in school leads to
increasing inequality

Good community spirit,
people work together during
crisis years, but group work
benefits some more than
others

There is a clear difference
between those who can
influence their work
situation and those who
work in mines and
factories

Values Traditional values are
nurtured, but
modernization occurs
anyway

People strongly object to the
stratification that occurs

Traditional family values
important, but people are
open to modernization as long
as it is equitable

Young people adopt a
more modern life style,
elderly people lose
authority

Infra-structure Much better roads and
housing

Only slowly improving Local road is improving due
to ecotourism project

Much better roads,
computers and phones
common, improved but
stratified housing

Population Population growth
(some in-migration, less
out-migration), labor
available

Out-migration for irrigated
agriculture -> declining
population and lack of labor

Slowly growing, but young
people still move to urban
areas if they can

Increasing movements,
both in and out-
migration, fewer people
per household

Agroecological
conditions
(Extent of cultivated
areas, agricultural
production systems,
environmental
health)

The cultivated area
increases substantially
Mechanized cash-crop
production, increasing
use of inputs
Homogenization of land
use, pesticide residues in
water, decreasing forest
and bush cover

The cultivated area
decreases
Small-scale subsistence
farming relying on
traditional practices
Depleting farming methods,
and problems with land
degradation following
overextraction of ecosystem
services such as fodder,
timber, and charcoal

The cultivated area increases
Subsistence farming with an
increasing cash-crop
component due to new small-
scale technologies
Organic farming movement
and less-depleting practices
Community forest reserve

The cultivated area
decreases, with the
exception of the
highlands where irrigated
vegetable production still
takes place
Less environmental
impact from farming, but
problems associated with
industrialization
National Park established
in the highlands
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Fig. 3. Four scenarios for Makanya’s future. The figure gives an impressionistic illustration of how the
conditions in Makanya vary in the four scenarios. Central to the figure is one of Makanya’s crossroads,
which is a strong symbol of change. “Agricultural advance” describes a future dominated by a rapid
market-oriented agricultural development. In “Managing on the margins,” the dry climate makes
farming-based livelihoods difficult and people have to struggle to provide for their families.
“Community cohesion” centers on collective action and small-scale improvements of current farming
systems. “Industry imperial” describes a future where smallholder farming loses importance as people
start working in industries and factories, and where the traditional lifestyle increasingly becomes
abandoned. Illustration: C. Bollner/Azote.se

work together to reduce the impact of drought, for
example by building communal grain storage silos.
The agroecological productivity in the catchment is
sustained through improved farmland and
ecosystem management, but overall the development
is considerably slower than in “Agricultural
advance.”

Industry imperial

In this scenario, the national economy is growing,
and national as well as foreign investors are attracted
to Makanya to establish new enterprises (see
Appendix 2). In most of the catchment, agriculture
loses importance as people engage in mining or start
working in factories. Farming persists in the
highlands, where irrigated vegetable production
remains common. Some of the villages in the
catchment grow together, forming smaller towns,
and people adopt a more urbanized lifestyle. The

development is rapid and living standards improve
for many, but the society also becomes more
unequal. A substantial part of the money generated
in the catchment leaves the area. New
environmental problems are emerging, especially
related to the mining industry, which pollutes air
and water.

Although the four scenarios display fundamental
differences (Table 4), there were also a number of
recurring themes that dominated the discussions
during the scenario workshop, and that appeared in
all scenarios regardless of the starting point. Among
these is the strong identity as farmers and livestock
keepers held by the people in the catchment (the loss
of which in the industrialization scenario was seen
as problematic by many of the participants), and the
preference for collective action over individual
initiatives for development. The latter fits well with
the important roles played by central government
and NGOs in most of the scenarios. It was, for
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example, clear that many participants were
uncomfortable with both “Agricultural advance”
and “Managing on the margins” specifically
because individual entrepreneurship played a more
important role in these scenarios than collective
action did. Despite these feelings, it was the general
opinion among the workshop participants that this
development was quite plausible. Finally, there also
seemed to be a substantial worry about loss of local
customs and changing ideals among the younger
generations.

DISCUSSION

Increasing the Robustness of Agricultural
Investments

In the sections below, we analyze a range of
technological, economical, social, and environmental
factors that could influence the success of
investments in small-scale water system innovations
across the scenarios (see Table 5). The analysis
suggests that there are numerous ways that policies
could be designed for increased robustness to meet
an uncertain future.

 Choosing Water System Technologies

The kind of water system technology that would be
most efficient in promoting agricultural development
varies across the scenarios, based primarily on the
ability of farmers to organize themselves, the level
of food security, and the access to markets. One
factor that stands out is the capacity for collective
action needed for successful management in, for
example, small-scale irrigation systems (Ostrom
1990, Meinzen-Dick 2007). Technology that
depends only on the work of individual farmers or
households, such as conservation tillage or
household-scale rainwater harvesting, would likely
work well in “Agricultural advance” and
“Managing on the margins.” However, technologies
that require communal efforts to function
effectively, such as many small-scale irrigation
systems, would likely not, due to the lack of local
leadership and collaborative spirit. A project
promoting a technology that depends on communal
efforts would have to make large efforts to build
social capital (cf. Pretty and Ward 2001) to make it
work under such conditions. The relative usefulness
of technologies targeting staple-crop vs. cash-crop
production also varies across the scenarios. A focus
on cereal production seems necessary in scenarios

where people are vulnerable to food shortage, such
as “Managing on the margins” and to lesser extent
“Community cohesion.” A focus on cash crops,
such as vegetables, flowers, and bio-fuels, seems
more productive in situations when food security is
higher and farmers have access to markets, such as
in “Agricultural advance,” “Community cohesion,”
and “Industry imperial” (for the highland vegetable
growers).

The analysis shows that there is no single
agricultural water management technology that will
perform well across all scenarios. This suggests that,
as a complement to investments in specific
technologies, it would be useful with more
agricultural intervention programs that promote
learning, experimentation, and innovation among
farmers (Röing and Wagemakers 1998), as this
would lead to benefits in any of the scenarios. For
such programs to be successful, they would have to
(a) provide incentives for farmer innovation (most
likely plausible at a smaller scale), (b) strengthen
the capacity to monitor and evaluate outcomes, and
(c) create an environment that tolerates
experimental failures. The last point is particularly
important in areas that suffer from low food security.
More research would be required to design an
approach specifically suitable in Makanya, but there
are many general types of programs and
interventions that could facilitate adaptive
experimentation. Microcredit schemes can be used
to promote low-risk investment, and seem
especially promising for poverty reduction when
combined with various types of insurance (Zeller
and Sharma 2000). The creation of knowledge-
exchange forums, such as farmer field schools and
farmer learning groups, can help farmers monitor
and evaluate new technology, and spread new ideas
(Hagmann and Chuma 2002). Local, regional, or
national crop-insurance systems can be designed to
provide a safety net that makes experimentation and
innovation possible.

 Choosing Collaborative Partners

The scenarios also show that there are several ways
in which Makanya may be linked to regional,
national, and global economic systems in the future.
Agricultural development interventions, such as
action research projects for example, need to
understand the nature of these connections in order
to be successful as they will influence the spread
and adoption of new agricultural technology.
Suitable collaborative partners will vary among the
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Table 5. Implications for small-scale water system investments in the different scenarios. The table shows
some technological, environmental, economic, and social issues that are relevant for successful investments
in small-scale water system technologies in the different scenarios.

Agricultural advance Managing on the margins Community cohesion Industry imperial

Technology Water system
innovations very
important
Individually managed
small-scale technologies
independent of the need
for increased community
involvement
Investors to decide to
who to target: market-
oriented farmers or more
marginalized groups.
This affects staple or
cash crop focus, and
what kind of
technologies are suitable.

Focus on technologies with
capacity to bridge dry spells
and stabilize cereal
production
Focus on individual solutions
Water system innovations for
livestock
Risk for maladaptation due to
climate change

Water system innovations
are important in both staple-
and cash-crop production
Coordinate with organic
farming practices with
potential to develop “niche
market” for organic
products
Can include broader range
of technologies including
individual as well as
community solutions

Water system innovations
have limited relevance,
except for in the highlands’
vegetable production
systems
Larger-scale irrigation that
provides employment rather
than subsistence might
become relevant

Environment Upstream–downstream
implications from
increasing water
withdrawal and nutrient
or pesticide leakage
Expansion of cultivated
areas—reserves and
protected areas might be
needed
Potential for PES and
water credit schemes

Projects need to include a
land-restoration component
to deal with land degradation
and target the feedback
between declining on-farm
productivity and declining
productivity of the
surrounding resource base

Sustained capacity for
agroecological productivity
Potential for sustainable
intensification of
agriculture, where both food
and other ecosystem
services are generated

Opportunities for
“European” type of
landscape protection, where
traditional production system
and small-scale technologies
are valued and protected

Economy Potential to link projects
(if business focus) with
marketing and business
skills
Potential development of
markets for ecosystem
services
Potential to work with
food-processing
enterprises?

Limited economic
opportunities
Focus on investments with
low initial costs to avoid
maladaptations

Economic potential of
tourist industry for organic
produce and niche products
Marketing skills need to be
improved

Economic potential for
highland vegetable growers
Marketing skills need to be
improved

Social factors Individual focus needed
because it would be
difficult to force
community initiatives
Potential for specifically
targeting entrepreneurs
and other key individuals

Focus on building social
capital OR finding individual
entrepreneurs

Potential to use local groups
and NGOs to enter the area
and for disseminating
knowledge (e.g., already
existing farmer learning
groups) and for long-term
impact

Target specific groups that
will farm in the future (such
as retired people in the
highlands engaged in small-
scale vegetable production)
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scenarios. In “Agricultural advance” and “Industry
imperial,” local businessmen constitute an
important group. In “Community cohesion,” NGOs
are central, along with the local tourism industry.
Local farmers with entrepreneurial skills and, to a
lesser extent, also NGOs are key groups in
“Managing on the margins.”

The most relevant group to work with will also vary
depending on the goal of the intervention. A central
question is whether the purpose is to seize an
opportunity for economic growth that perhaps is
only accessible for a smaller subsection of the
population, or if it is to minimize the risk of food
insecurity for poorer sectors of the population. In
“Agricultural advance,” for example, a project
dealing with small-scale water system technologies
could either target farmers who produce cash crops
to boost their production and improve their market
integration, hoping that this would have positive
spillover effects on the community in terms of a
growing economy, or it could target the farmers who
are not keeping up with the agricultural
development, and who are becoming increasingly
marginalized to reduce their vulnerability. In the
first case, local businessmen and cash-crop growers
are central for success, whereas in the latter case,
other groups are more important. The analysis
suggests that there is not one ideal group for research
and development projects to work with, and
highlights the importance of being aware of
different stakeholder groups in a local community
and identifying a diverse set of potential partners.
Such an approach would trade off robustness against
the amount of investment that can be made in one
group, but we expect that involving people who
bridge multiple groups can reduce this trade-off.

 Adopting a Systemic Approach

A comparison of the scenarios shows that they are
vulnerable to environmental problems produced as
unintended consequences of the development.
Analyzing the systemic consequences of development
activities could help in designing interventions that
reduce, mitigate, or facilitate adaptation to
unwanted environmental change. For example, in
“Agriculture advance,” the agricultural development
leads to undesirable downstream consequences,
which include the loss of important freshwater
ecosystem services. Proactively dealing with these
problems requires that projects concerned with
water system technologies adopt an upstream–
downstream perspective as a basis for the proposed

interventions. Such efforts could include strengthening
collaborations and institutional arrangements
between farmers living upstream and downstream.
In other places, this type of effort has included
payments for ecosystem services or for water credits
(see, e.g., Pagiola et al. 2005, International Soil
Reference and Information Centre (ISRIC) 2007).
The environmental issues that arise in “Managing
on the margins” are due to land degradation, both
on farm as a consequence of soil erosion and surface
crusting, and in the surrounding landscape due to
farmers’ strong reliance on non-agricultural
ecosystem services, such as fodder for livestock,
timber, and charcoal when harvests fail. This
highlights the importance of treating farmers’
livelihood systems as entities, and developing
projects that target the interactions between on-farm
productivity and productivity of the surrounding
resource base (see Enfors and Gordon 2007).

“Managing on the margins” also provides another
example that illustrates why a systems perspective
is needed. The land degradation, changing climate,
and general lack of development in the scenario
means that a farmer investing in, e.g., a rainwater
harvesting system for vegetable production is
running a large risk of losing the investment,
potentially leaving him or her worse off than before,
unless the local investment is backed up by
necessary investments at other levels, e.g., in fail-
safe arrangements, infrastructure, and markets.
Thus, to reduce the risk for maladaptation, relevant
investments have to be coordinated across scales
(cf. Barrett and Swallow 2006). This requires an
understanding of interactions between different
social–ecological system levels (Enfors and
Gordon2008).

How Can We Tell Which World Is Emerging?

The scenarios are not predictions of the future, but
represent an attempt to scan across a range of future
possibilities. It is unlikely that Makanya will follow
the exact path of either scenario, but Makanya 2030
will likely exhibit aspects of all four scenarios. Two
key issues emerge; how can we know what kind of
world that is developing, and how do we promote
desirable trajectories of development? The
scenarios can help identify indicators of the pathway
upon which a region is developing. For example, a
major difference between “Managing on the
margins” and “Community cohesion,” and to some
extent “Agricultural advance,” is the level of local
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ecological resilience. The capacity of the ecosystem
to provide support for livelihoods during droughts
and dry spells could be one biophysical variable that
indicates in which direction the development is
heading. Two social factors at a regional scale that
could be monitored are trends in investment and out-
migration. Large-scale external investment would
suggest that the region is heading toward an
“Industry imperial”-like situation. Low out-
migration, combined with collective action, would
indicate that the region is heading toward a scenario
like “Community cohesion.” These are some of the
variables that can be monitored to better guide
investments in small-scale agriculture, to where
they will give best result. In addition, making
investments that also attempt to shape internal and
external drivers of change could be a way to move
communities like Makanya away from undesired
development trajectories and toward desired ones.

Lessons Learned from the Makanya Scenario
Experience

Although the participatory scenario-planning
process took more time and effort than a regular
system analysis would have done, it allowed us to
better explore key uncertainties in the region and
identify what kind of development efforts would be
useful under different future conditions that are
relevant in the local context. Developing
participatory scenarios also proved to be a useful
tool to rapidly assess some of the major hopes, fears,
and thoughts about the future among people in the
local community. Such an overview is useful in any
project, especially in a start-up phase. In this
particular case, where the objective was to assess
the relevance of investments in agricultural
technologies that are intended for small-scale
farmers, this perspective was essential because the
farmers’ risk calculations and expectations of the
future will influence whether or not, and under what
conditions, they will adopt small-scale water system
technologies.

Furthermore, there seems to be a risk that
development and applied research projects become
trapped in a vision that describes how their proposed
interventions will ideally unfold over time. Scenario
planning may help overcome such biases
(Wollenberg et al. 2000b) as it facilitates an
understanding of how the project could develop in
different kind of futures and because it improves the
understanding of events and processes that either

may challenge the project or provide opportunities
for it (cf. Bennett and Zurek 2006). Developing
alternative scenarios, parallel to the project vision,
forces you to think about factors that might alter the
expected development path. Moreover it forces you
to consider a number of interacting driving forces
simultaneously, in a way that embraces the
complexity of reality, likely improving the chances
for success.

Although it is a promising tool, a number of
difficulties also presented themselves during the
scenario-planning process in Makanya. For
example, when creating scenarios at such a local
level, there is an evident risk for bias toward local-
level driving forces and underestimation of external
forces shaping the region. This is especially the case
when then the scenarios are developed by people
with limited formal education and limited
experience of other places, and who might not be
very used to thinking about hypothetical issues.
Although this can be balanced to a certain degree
by basing the scenarios on official statistics, it is
virtually impossible to know whether another set of
scenarios actually would have been more relevant
for the system. It has been suggested that multi-scale
scenarios, where storylines are developed at several
organizational levels and then linked together, can
be used to reduce this problem, but there are still
very few examples of scenario-planning processes
that have successfully integrated multiple scales
(Biggs et al. 2007, Kok et al. 2007).

Finally, scenario planning can be a tool for local
empowerment. Identifying opportunities and
threats that might present themselves in the future
could help a community to steer its development in
a more desirable direction and thus help local people
to take more control over their future (Peterson
2007). However, this is a long and challenging
process, and although the scenario-planning process
contributed to our understanding of the fit of
agricultural development into a local context, the
extent to which the scenario process will contribute
to local empowerment in Makanya is yet unclear.

CONCLUSIONS

Investments in small-scale water system technologies
appear to be valuable in all scenarios, but the most
relevant technologies vary between them. A way to
increase the robustness of this type of investments
is to build capacity among farmers for innovation
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and learning through experimentation, as this will
generate benefits across a range of possible futures.
The analysis shows that there is not one ideal type
of collaborative partner for research and
development projects working with small-scale
agricultural technology, highlighting the importance
of identifying a diverse set of potential
collaborators. When choosing between them, it is
important to be clear about the goals of the project,
referring particularly to whether these goals relate
to seizing opportunities or avoiding risks.
Furthermore, having a systems approach to these
investments is important across all scenarios,
especially for dealing with unintended environmental
consequences arising from the agricultural
development. The systems perspective implies
different things in the different scenarios, ranging
from consideration of upstream–downstream
issues, understanding of the dynamic interaction
between farming systems and the larger
agroecosystem, and coordination of relevant
investments across social–ecological system levels.
We conclude that although the method presents
some challenges, participatory scenario planning is
a useful tool for integrating research and
development projects in the larger context because
it increases the understanding of events and
processes that may either challenge the project or
provide opportunities for it.

Responses to this article can be read online at:
http://www.ecologyandsociety.org/vol13/iss2/art42/
responses/
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