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Introduction

Agriculture and food systems face complex challenges: population growth, crop and
livestock yield gaps, environmental degradation, climate change and variability,
social conflicts, and economic stressors. There is a need for long-term informed
decision-making to provide a base for future generations. Research approaches and
investments aim to provide more accurate information, while accounting for these
complexities, to accelerate transformation to sustainability. One major challenge
is that conventional climate change assessments assume the same socio-economic
conditions in the future as today. An approach is required that can characterize
plausible future socio-economic conditions and the state of agricultural produc-
tion under those conditions. Integrating improved technology with governance and
institutional development, in a way that is gender-sensitive, is critical for attaining
sustainable and resilient agriculture and food systems. A stronger integration of
science and stakeholder-based knowledge will enable priority setting and support
decision-making processes effectively, guided by a joint strategy development.

New science-based approaches are being developed that support information
for decision-making, forging the collaboration between scientists and stakeholders.
The Agricultural Model Intercomparison and Improvement Project (AgMIP) has
developed methods that guide scientists and stakeholders to design agricultural
development pathways, supported by quantitative and qualitative analysis of path-
way outcomes. The process enables scientists and stakeholders to guide decisions
for immediate use, and set priorities for more conducive conditions for a sustainable
future. Science can thereby support countries to decide and plan on climate change
actions based on a sound understanding of vulnerability and growth potential, and
prepare for adaptation with links to other sectors.

Representative Agricultural Pathways (RAPs) (Valdivia et al., 2015) have been
developed as a part of AgMIP’s Regional Integrated Assessment (RIA) method
for modeling and projecting agricultural systems in the present and future (Antle
et al., 2015). RAPs deliver scenarios about possible future states of the world in
which climate change might happen. Once established and quantified, they allow
for model-based projections of future bio-physical, technological, institutional, and
socio-economic conditions — critical parameters for assessing agricultural systems
in any climate — that cannot be tested in a real-world context.

The RAP setup involves an iterative process executed among scientists and stake-
holders of different expertise. This ensures the RAPs formation taps multiple sources
of knowledge, as well as informed dialogue about drivers and interactions among
parameters and how they contribute in shaping future worlds. RAPs storylines are
translated and quantified into model parameters, such as farm and herd size, prices
and cost of production. RAPs, together with global economic model data on crop
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yields and price trends, can be used to explore impacts of adaptation options, which
scientists and stakeholders consider relevant and useful.

The RAPs process starts with creating a robust baseline. During the first phase of
the DFID-funded project, the AgMIP Regional Research Team (RRT) engagement
in Sub-Saharan Africa and South Asia produced a series of RAPs for the particular
farming systems following a “Business as Usual” pathway. In the second DFID-
funded phase, the RRTs developed additional sets of pathways, including a future
that is driven by sustainability goals (e.g., so-called “Green RAP”), and a future that
is driven by economic growth without considering sustainability (e.g., so-called
“Grey RAP”).

The RRTs in India and Zimbabwe advanced the RAPs concept to link the farming
systems-specific RAPs with national level RAPs through stakeholder engagement
across scales. Extending the RAPs approach from sub-regional to national scales
allowed us to bring systems-specific issues to a national level. It also allowed us to
jointly identify inconsistencies and gaps in policy formulation and implementation
at the different scales.

Inspired by AgMIP development of RAPs in Sub-Saharan Africa and South Asia
and by initial steps in the European MACSUR project, a set of pathways for European
agriculture (the Eur-Agri-SSPs) have been developed by researchers from European
universities and research organizations. We include the process and major outcomes
towards Eur-Agri-SSPs with a discussion of lessons learned in this contribution.

Conceptual Framework for Socio-Economic Scenarios

The AgMIP Phase II scenario development followed the approach developed in
Phase I (Valdivia et al., 2015) to link site or country-specific drivers and global
socio-economic pathways (SSPs) associated with a range of global emission sce-
narios (RCPs). This recognizes that local actions and their impacts will be affected
by global drivers and their impacts. Local narratives were then combined with
price and productivity trends from global economic models. The overall goal
of this process was to develop scenarios that could be used to support adapta-
tion strategies (i.e., policy or technology changes) under changing socio-economic
conditions.

Plausible emission and socio-economic scenarios (RCPs and SSPs)

The global emission and socio-economic scenarios provided global projections
that were used as inputs to the regional projections defined in the RAPs. The
AgMIP global economics team ran multiple scenarios contrasting global SSPs with
plausible levels of emissions (RCPs) as shown in Table 1 (Wiebe et al., 2015).
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Table 1. Scenario definition used by global economics team.

Radiative Trade Economic
Scenario SSP Forcing GCM Policy Model

1.0 No change none ENVISAGE, FARM,
1.1 HadGEM No change IMPACT, MAGNET,
1.2 SSP 1 RCP 4.5 IPSL MAgPIE
1.3 MIROC
1.4 HadGEM Liberalized ENV, FAR, MGN, MGP

2.0 No change none ENVISAGE, FARM,
2.1 SSP 2 HadGEM No change IMPACT, MAGNET,
2.2 RCP 6.0 IPSL MAgPIE
2.3 MIROC

3.0 No change none ENVISAGE, FARM,
3.1 HadGEM No change IMPACT, MAGNET,
3.2 SSP 3 RCP 8.5 IPSL MAgPIE
3.3 MIROC
3.4 HadGEM Restricted ENV, FAR, MGN, MGP

Source: Wiebe et al., 2015.

The AgMIP RRTs used climate data from RCP 4.5 (low emission) linked to SSP1
(low challenge, sustainability) and RCP 8.5 (high emission) linked to SSP 3 (high
challenges, fragmentation) to simulate the impacts of climate change on crop yields
and livestock performance (see also AgMIP Handbook v7, 2017). Productivity and
commodity price trends for these scenarios were obtained from outputs from the
IMPACT global economic model.

Regional Representative Agricultural Pathways (RAPs)

RAPs provide qualitative and quantitative information to characterize the state of a
future world under which a particular farming system might operate. Thus, bound-
aries and characteristics of current farming systems must be clear, to develop realis-
tic estimates of agricultural and socio-economic parameters and interrelations. They
also need to represent farming systems that are meaningful for a country, so that the
recommendations can be brought to scale. The RAPs parameters provide inputs to
the AgMIP RIA.

Based on the definitions of SSPs and RAPs described in Valdivia et al. (2015)
and the data and information from the combination of RCPs and SSPs mentioned
above, RRTs developed the following RAPs in AgMIP Phase II (see Figure 1):

RAP 4: “Sustainable low growth (Green RAP)”

• Low economic growth and associated economic and policy features
• High sustainability and associated environmental performance and policies
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RCP 8.5 RCP 4.5 

Fig. 1. Future socio-economic scenarios: Linking SSPs, RCPs, and RAPs for AgMIP RRT Phase II.

Source: SSPs matrix obtained from O’Neill et al., 2017. RAPs matrix obtained from Valdivia et al.,
2015.

• Low challenges to adaptation (as defined in SSP1)
• Low challenges to mitigation (as defined in SSP1)

RAP 5: “Unsustainable high growth (Grey RAP)”

• High economic growth and associated economic and policy features
• Low sustainability and associated environmental performance and policies
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• High challenges to adaptation (as defined in SSP3)
• High challenges to mitigation (as defined in SSP3)

Using yield and price trends

Given the high level of uncertainty with regards to price trends (Wiebe et al., 2015),
and the need to capture the range of possible output prices in the future, RRTs
conducted sensitivity analyses on the output price assumptions by contrasting high-
price and low-price assumptions. These high and low prices were based on the range
of prices obtained from the global model projections for the relevant commodities
in each region. The price assumptions were defined in relation to each RAP and SSP
combination, while also considering if climate has induced changes in prices or not.

The procedures to estimate a set of yields and price trends and the sensitivity
analysis are summarized as follows.

Estimating yield trends

Step 1: Estimated change in yield without climate change: Output data from
IMPACT and the corresponding scenario were used to calculate the compounded
yield growth factor � between current and future periods without climate change.

Example: For Kenya’s rainfed maize, the 2005 yield is 2407 kg/ha and the 2050
yield is 4887 kg/ha, so the estimated maize yield growth trend factor is:

� = 4887/2407 = 2.03.

Step 2: Estimated projected future yield:

Example: Suppose maize yield is 1800 kg/ha, then the future projected yield without
climate change is:

1800 × � = 1800 × 2.03 = 3655 kg/ha.

Estimating price trends

We define φk
h as the output price trend, where k = L for low output price assumption,

and k = H for high output price assumptions; h is 1 or 2, representing the no climate
change and with climate change prices, respectively.

Step 3: The future crop prices with and without climate change were estimated
using the price trend φh

k for all commodities at all sites and scenarios (SSP1 and
SSP3), which in turn, were obtained from producer price data from the IMPACT
model.
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Example: For Kenya’s rainfed maize, the 2005 producer price is 42.03 USD/tonne
and the 2050 price is 92.79 USD/tonne, which means the price trend with no climate
change is φH

1 = 2.21 or 221%. Note that, for the high price assumption, we have
used the price trends estimated from IMPACT. Then, suppose the current period
maize price in the region is 25 Kenyan Shillings per kg of maize. Then the price for
2050 is:

25 × 2.21 = 55.25 Ksh/kg.

Step 4: Future prices were used to estimate model parameters for the base system and
the alternative system as described in the AgMIP Handbook, Appendix 2 (Handbook
v7, 2017).

Price sensitivity analysis

A sensitivity analysis to the price assumptions using a “high price range” and a “low
price range” was conducted using the following guidelines:

Notation:

Pk
th = Price of a commodity,

h = 1 no CC (i.e., system 1),
h = 2 with CC (i.e., system 2),
t = c, current; t = f , future,
k = H : high price,
k = L: low price,
φk

h = price trend factor

A. High price range: For this case, the teams used the IMPACT data as
described above to estimate the future prices with and without climate
change:

P H
f 1 = Pcφ

H
1 future price without climate change, high price range

P H
f 2 = Pcφ

H
2 future price with climate change, high price range

B. Low price range: For the lower price range it was assumed that:

a. Current price = future price with no CC
b. Deviation of prices with climate change with respect to no climate change

prices is the same for high and low prices (see Fig. 2).

Following the trajectories shown in Fig. 2, the relative price or the deviation range
from the no climate change to the with climate change case for the high price
assumption was estimated as:

rp = P H
f 2/P H

f 1
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PH
f1 

PH
f2 

Price 

Time 
c f 

Pc PL
f1= 

PL
f2 

No CC 

 rp  

Fig. 2. Sensitivity analysis of future output prices.

Source: Valdivia and Antle, 2016, RAPs Protocols AgMIP Phase II.

Then, as per assumption b above:

P L
f 1 = Pc future price with no climate change, then we can estimate

P L
f 2 = Pcrp future price with climate change

Implementation of RAPs in the Regional Integrated Assessments

RAPS and adaptation packages are part of the RIA, a protocol-based approach
that provides credible information on context-specific systems states, vulnerability,
welfare levels, under current conditions and possible futures. Stakeholders combined
with a team of scientists identify key issues and questions that are relevant for a
specific agricultural system and region, and the results are replicable and directly
relevant to the stakeholders involved (Fig. 3).

These are the specific objectives:

1. Define farming systems, key drivers, and their interrelations to support the design
of plausible future development scenarios (RAPs) for the region.

2. Identify and co-develop adaptation packages specific to the farming systems
being studied. Stakeholders and scientists were challenged to think about ways
to re-design farming systems under current and future conditions.

3. Capacitate stakeholders on the RIA process and outputs.

RAPs Developed for RIAs by AgMIP RRTs

The AgMIP RRTs and stakeholders, using RAP 2 (“Baseline”), drafted two contrast-
ing future worlds for their particular farming systems by establishing measurable
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Fig. 3. The AgMIP Regional Integrated Assessment of Climate Change Impact, Vulnerability, and
Adaptation of Agricultural Systems and the process of co-designing RAPs and Adaptation packages.

Source: Valdivia et al., 2019, adapted from ICRISAT, 2016.

outcomes expected with investment in sustainable development vs. fast economic
growth. These scenarios represent farming systems and production methods (i.e.,
the technologies) for particular farming communities, in their physical environ-
ments (i.e., the climate) and the economic, policy, and social environments in which
they operate (i.e., the socio-economic setting). The following scenarios illustrate the
diversity of drivers and relations and how they shape the future of farming systems
in different contexts.

Zimbabwe

In both futures, productivity increased substantially. The main action for climate
change adaptation would be the use of heat- and drought-tolerant crop varieties.
Heat- and drought-tolerant varieties would benefit more under a sustainable future.
The poorest would benefit more in relative terms, though they largely remained
extremely poor. Vulnerability would be higher with fast economic growth, farmers
with large herds would be stricken by feed gaps. Investment in sustainable develop-
ment was less risky and better for the poor.

Green Pathway. Investing in a sustainable future had clear advantages: inclusive
markets and access to information that creates incentives for all farmers to invest,
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farmers setting more land in value, diversifying and intensifying crops, and increas-
ing herd size.

Grey Pathway. The fast-economic growth future was crafted after the experiences
of the past in Southern Africa. The better-off, market-oriented (MO) farmers would
expand and invest, whereas the poor would rely on off-farm income, often becoming
suppliers of cheap labor.

With regards to agricultural policies, the RAPs process in Zimbabwe created confi-
dence in the urgency to prioritize the following:

• Support the production of fodder: Highlighting the importance of fodder for
higher level policymakers created recognition of climate change risks for those
with many animals. Access to fodder can mitigate the effects of drought and
climate change; also, it has become a component of irrigation policy.

• Support improved access to forage seed: Establish linkages in crop and live-
stock departments so they can make joint decisions. Help decision makers in
each department understand the importance of forage seed for farming systems’
integration through feed and soil amendment. Therefore, promoting and scaling
access to forage seed to larger areas should be prioritized.

• Support the revitalization of legumes, especially for very poor households:
The release of new varieties can fuel national seed systems for food, feed, soil,
income, women empowerment, and climate change resilience.

• Support confidence in promoting small grains: Focus on previously neglected
crops with strong responses to management improvement; uptake spurred by
investments in crop improvement, agronomy, post-harvest, processing technolo-
gies, and market development.

India — Indo-Gangetic Basin

India is moving towards achieving the Sustainable Development Goals (SDGs) of
eradicating poverty and hunger. The key pillars for success are public and private
investments in R&D, technological innovations, and policies aimed at effective
natural resource management, which helps sustaining agricultural growth under
adverse climatic conditions. However, population increase and rise in food demand
result in intensive and unsustainable use of natural resources without considering
negative environmental effects. Thus, two possible future scenarios were developed:

Green Pathway. Restructuring of traditional support policies (e.g., subsidies, MSPs)
helps sustainable increase in crop and livestock productivity. Investments in infras-
tructure, markets, and human capacity building slows population growth rate and
improves household income distribution.
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Grey Pathway. Agricultural productivity increases due to new technology and agri-
cultural intensification efforts. However, agricultural policies are ineffective to deal
with demographic, ecological and developmental problems. These issues coupled
with unstable market conditions, due to domestic and international conflicts, lead
to social inequality and weak institutions for collective action, which exposes the
sector to adverse climate impacts.

Lessons learned

• Divergence in understanding of the problem by various stakeholders and local
and national levels.

• Farmers’ concern was not only declining farm profitability but also government
apathy for addressing their problems (fertilizer prices, seed, labor shortage, higher
wages, transportation cost, and inadequate marketing facilities).

• It was very difficult to focus the discussion around major bio-physical, socio-
economic, and technology variables.

• Participants, particularly farmers, expressed their opinion on a lot of other issues
not directly related to the farm sector.

• To gather all the desired information about the relevant variables from such a
diverse group of stakeholders, needs more time, and mutual understanding for
adhering to the steps in RAPs development process.

India — Andhra Pradesh, South India

Consistent efforts by past and present governments, international conventions (like
Voluntary Guidelines on the Responsible Governance of Tenure of land, fisheries,
and forests (VGGT)), and efforts to develop institutional capacities of communi-
ties for collective action are likely to improve security of land tenure and facilitate
moderately improved access to irrigation water and agri-food value chains for small-
holder farmers. Improvements in rural and agricultural infrastructure and services,
while soil health and groundwater availability and quality are expected to decline,
result in small improvements in agricultural productivity.

Green Pathway. Andhra Pradesh continues in the progressive path of successfully
implementing the National Mission on Sustainable Agriculture (NMSA) coupled
with reforms in key sectors such as energy, land, and water that are crucial for
sustainable intensification in agriculture. The holistic approach that includes eco-
nomic and ecological objectives will enhance the productivity of all sectors and the
incomes of the farm households. Improved access to financial services through Self-
Help Groups (SHGs) and collective actions through farmer producer companies and
cooperatives will drive inclusive growth. Ecosystem services-based governance of
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natural resources will ensure environmental sustainability. Investments on public
health, education, skill development, and rural infrastructure will slow population
growth and improve household welfare.

Grey Pathway. Increased population growth, growing demand for food and fuel,
coupled with low investment in resource-efficient and high-yielding technologies
will lead to over-exploitation of land and water resources. There will be low adoption
of productivity-enhancing technologies due to limited access to financial services.
Slow and ineffective reform processes in energy, water, and land tenure lead to
highly inequitable distribution of resources. Inadequate infrastructure and low skill
levels in rural areas lead to high post-harvest losses and lower opportunities for
non-farm employment, which further reduces household income. Low investment
in health and education in rural areas leads to migration of unskilled labor to urban
areas, increasing poverty and nutrition insecurity.

India — Tamil Nadu, South India

The effects of climate change are felt throughout the state of Tamil Nadu. The
weather is highly irregular with the rising temperature trends, and the intensity and
frequency of droughts and floods that affect the poor and most vulnerable are grow-
ing. Tamil Nadu’s government is working very hard to counter the effects of climate
change through many programs, including the development and implementation of
a State action plan on climate change. Government policy also promotes climate-
resilient farming practices by offering incentives and developing people’s capacity
to cope with extreme climatic conditions.

Green Pathway. Tamil Nadu implements the programs under NMSA. The state is
also adopting cleaner and low-carbon technologies, including renewable energy.
Mass tree planting is promoted to increase the green cover. Water harvest-
ing structures have been created to increase the water availability in the state.
Soil and water conservation measures are practiced for improving agricultural
productivity.

Grey Pathway. In Tamil Nadu, the agricultural sector is highly impacted by fluctu-
ation in prices for the harvested produces. Moreover, conflict for water is increasing
as the state does not have major catchment areas, making crop cultivation highly
uncertain. Technological interventions have improved the productivity of the crops,
however, due to indiscriminate use of fertilizers and pesticides, greenhouse gas con-
centration is increasing in the atmosphere. Water pollution due to leather and dyeing
industries is yet another issue of great concern to agriculture. Fragmentation of farm
holdings also increases the small and marginal farm holdings leading to increased
vulnerability.
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Pakistan

Food security (FS) and poverty reduction are the main challenges for the developing
economies of South Asia. Future agricultural systems will be different due to radical
technological advancements.

Green Pathway. Government prioritizes the agricultural sector to achieve food
security and sustainable development, with increased public investment in research,
technology, infrastructure, and extension services. Support in the form of agricultural
finance, insurance, improved seed, and information and technology transfer will
support farming systems. Imports of food grains will be liberalized. Educational
and health investments will reduce population growth.

Grey Pathway. Production increases will be through technological advancements,
improved cultivars, and mechanized farming, increasing cropping intensity. Subsi-
dies will be on farm machinery, agricultural inputs, and outputs due to high input and
output prices. Intensification of agriculture will negatively affect the natural ecosys-
tem. Public policies prioritize increasing agricultural growth to feed the masses and
take advantage of trade opportunities at the expense of resource deterioration.

Kenya

In both futures, productivity increases substantially, largely due to (partly) imple-
mentation of agricultural interventions and policies outlined in Vision 2030 for
Kenya focusing on meeting the Millennium Development Goals (MDGs) and the
SDGs.

Green Pathway. Increased investment in technologies that are environmentally
friendly has helped the country achieve a sustainable pathway. However, economic
growth has slowed as the main investments are focused on public services such as
health, education, and clean energy. Policy changes and infrastructure improvements
facilitate the development of markets and availability of agricultural inputs, leading
to higher farm incomes. Farms become more diversified and less dependent on
maize; there is increased crop–livestock integration and off-farm income. Moreover,
household sizes are smaller while farm sizes are larger.

Grey Pathway. The government has an aggressive policy to promote the industry
and services sector and there is low investment in sustainable agricultural poli-
cies. Import barriers are in place and lead to increases in prices of imported goods,
including mineral fertilizers. Low investment in health and education contributes to
an increase in inequality. High population growth increases the pressure on agricul-
tural land with the consequences of unsustainable agricultural intensification and
negative environmental effects. Moreover, farms become smaller in some areas,
while consolidation occurs in other areas.

 H
an

db
oo

k 
of

 C
lim

at
e 

C
ha

ng
e 

an
d 

A
gr

oe
co

sy
st

em
s 

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.w

or
ld

sc
ie

nt
if

ic
.c

om
by

 R
ob

er
to

 V
al

di
vi

a 
on

 0
7/

21
/2

1.
 R

e-
us

e 
an

d 
di

st
ri

bu
tio

n 
is

 s
tr

ic
tly

 n
ot

 p
er

m
itt

ed
, e

xc
ep

t f
or

 O
pe

n 
A

cc
es

s 
ar

tic
le

s.



March 12, 2021 16:44 Handbook of Climate Change… 9.61in x 9.69in b3862-p1-ch03 page 60

60 R.O. Valdivia et al.

The RAPs process created confidence in the following trends, disaggregated for
different agro-ecologies (or maize potential zones, MPZs) in Kenya:

Green Path

• High and medium MPZs: increased use of mineral fertilizers, manure (pro-
duced on-farm), and improved maize varieties. Productivity is also improved by
extension, education, and information available to farmers. These changes are
accompanied by decreases in fertilizer prices, increases in seed prices, increases
in labor wages, and increases in mechanization costs. There are also a number of
changes in livestock production due to government investment in infrastructure
for the livestock and dairy sectors. Households increase their herd sizes (includ-
ing more improved breeds) and implement improved management practices, such
as using more concentrates for feed. This leads to higher milk yields and higher
production costs. Moreover, due to market development, milk prices increase.

• Low MPZ: Milk-selling farms decrease their reliance on maize and focus more
on milk production. The proportion of land area currently allocated to maize
is decreased in order to increase the area of Napier grass and pastures. On the
remaining maize land, these households institute similar improved management
practices as those discussed above.

Grey Path

• High and medium MPZs: farms increase their proportion of maize area com-
pared to the current systems. Maize yields increase due to similar management
improvements as in RAP 4, except production occurs with more adverse envi-
ronmental outcomes. For example, farms use less organic fertilizer and less
soil conservation techniques, which results in soil degradation. Similar to farm
size, average herd sizes do not change compared to current systems, but there
is increased variation as some farms increase their herds and others decrease.
Milk yields improve due to improved management and breeding, which leads to
increased production costs as well. Moreover, milk price increases for similar
reasons as RAP 4, but to a lesser extent. There is a lower degree of crop-livestock
integration than in RAP 4, as well. Households do not use the outputs from live-
stock activities (e.g., manure) as productive inputs in crop activities (and vice
versa) to the same extent as in RAP 4.

• Low MPZs: Milk-selling farms allocate land to Napier grass and pastures, but
to a lesser degree than in RAP 4. Maize production systems and milk production
systems are similar to RAP 4, but with increased soil degradation and less crop-
livestock integration, resulting in lower manure use. In addition, milk prices do
not increase to the same degree as RAP 4, due to lower market development.
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South Africa

South African agriculture is influenced by multiple exogenous factors, with the
three most important being domestic macro-economic conditions, policy uncer-
tainty, and international market dynamics, which all contribute significantly to high
levels of uncertainty. Despite initially improved sentiments surrounding changes in
government, reform has been slow and South Africa’s economy continues to face
multiple structural challenges. Thus, following a period of prolonged growth, the
combination of variable climatic conditions and macro-economic fluctuations have
created an exceptionally volatile environment for South African agriculture, which
is anticipated to be exacerbated by climate change.

The interaction with the stakeholders highlighted that there were certain fac-
tors within the local sphere where the farmers had a great deal of influence, e.g.,
precision farming, conservation agriculture, crop rotation, crop type, and choice of
cultivar, while there were, however, many more factors the farmers have very little
power over which are in the hands of policymakers, politicians, and the broader
community to make contributions, e.g., greenhouse gas mitigation legislation, trade
tariffs, minimum wages, exchange rates, land reform, and crime/theft, to name but
a few.

Green Pathway. This path is the so-called “Pap, Vleis, and Gravy” (i.e., “porridge,
meat, and gravy”) path, which is characterized by a low-carbon green economy with
sustainable growth and it mainly focuses on conservation agriculture.

Grey Pathway. This path, the so-called “Skorokoro” scenario, meaning worn and
ragged beyond its years, is one in which we have the case of the “tragedy of the
commons” where everyone can use, but all will share in the abuse of, the ecosystem.

The RAPs process leads to the following findings:

• Global prices will still govern profitability: Profitability levels might be
higher under the “Skorokoro” (Grey Pathway) scenario; however, yield vari-
ability is less under the “Pap, Vleis, and Gravy” (Green Pathway) scenario,
which can be mainly attributed to the projected pricing structures for the
commodities associated with each of these projections by global economic
models.

• Policy certainty must be one of government’s highest priorities: Commercial
farmers are more interested in policy adaptations than in bio-physical adaptations
and these will have to be addressed to ensure continued plantings of the staple
crops, especially in the light of national FS.

• Irrigation is not an option to mitigate the effect of climate change: Assuming
that enough water is available, expanding irrigation as a strategy to mitigate the
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effects of climate change in the Free State will be a poor choice as an adaptation
strategy, as modeling indicates that both yields and profits are projected to decrease
marginally.

• Support crop breeding and research: Over 60% of farmers in the Free State are
projected to adopt proposed adaptation packages. Investment into the breeding
of heat- and drought-tolerant cultivars and research into conservation agriculture
and good crop husbandry is therefore important.

Senegal — Nioro

In the “sustainable future” (Green Pathway) as well as the “fossil fuel development”
(Grey Pathway) scenario, climate change will impact cereal yields negatively, while
peanut productivity will benefit from climate change due to CO2 fertilization effects
on peanuts. Overall, due to the importance of peanuts in the households, climate
change would have a positive impact on Nioro farmers’ livelihoods, under high price
scenarios. Under low prices, climate change would have a negative impact on Nioro
farmers’ livelihoods in most cases.

In both price scenarios, adoption rates are higher for the sustainable future. Also,
simulation results show that more farmers tend to adopt the adaptation package (heat-
tolerant varieties) when they produce under unfavorable price conditions. Under the
sustainable futures, the adaptation package yields greater outcomes, such as higher
returns to farmers or lower poverty rates.

Green Pathway. Inclusive approaches in public policies are implemented along-
side significant development of community initiatives and greater accountability of
grassroots organizations. Good agro-ecological practices are mainstreamed, includ-
ing through appropriate training of local actors and curriculum development in
schools and training institutes. Fertilizer subsidies are increased slightly, while the
use of organic fertilizer is encouraged.

Herd sizes decrease a bit, partly due to land fragmentation. But livestock pro-
ductivity improves, as a result of improved feeding and animal health programs.
Agro-ecological practices and sustainable land management contribute to a restora-
tion and a gradual improvement of soil fertility in particular with better integration
of crop–livestock production systems. The use of water storage technologies and
better management induce increased availability and accessibility to water.

Decentralization policies are fully implemented in a context of improved human
and social capital. The development of infrastructure, greater access to ICTs, and
the process of urbanization put some stress on labor availability, in particular for
on-farm activities, while ongoing social and economic processes generate household
segmentation along with greater labor demand for off-farm income.
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Grey Pathway. Population growth and rapid urbanization lead policymakers to
further develop infrastructure and rapidly raise agricultural productivity. The agri-
cultural sector is a policy priority and must respond quickly to increased demand,
particularly from urban dwellers. Input subsidies, development of road networks,
and the revitalization of the peanut basin are key interventions.

These policies and interventions are fulfilled without proper application of good
and environmentally friendly agricultural practices, thus contributing to soil degra-
dation and unsustainable use of water resources. Herd sizes and livestock productiv-
ity rise as a result of improved political support to the sector, better health protection
programs, greater urban demand, and the determination of pastoralists to seize these
market opportunities.

The development of the digital economy, mechanization of agriculture, and a
strong energy demand exert a powerful influence on rural activities. Household size
decreases along with fragmented farms. Stronger and better road networks increase
employment opportunities outside agriculture.

Ghana — Navrongo

Both Representative Agriculture Pathways will result in increased productivity, but
in a more sustainable manner under the Green Pathway. On the one hand, all indica-
tors under bio-physical, institutional, and technological categories will increase, but
in varied magnitudes, under both RAPs; on the other hand, most of the indicators
under the socio-economic category would decrease under the Grey Pathway.

Green Pathway. Environmental concerns are at the heart of Ghana’s development
pathway. This translates to an emphasis on soil conservation and the increased use
of manure, resulting in part from greater herd size. Despite this inclination for
sustainability, fertilizer use is likely to increase. Policymakers design ambitious
policies that provide subsidies to both organic and chemical fertilizers. They also
pay greater attention to agricultural research and policies that support sustainable
agriculture. Extension services are also improved, tapping on various new tools and
providing tailored knowledge and information to farmers.

Profound structural changes affect families and farms. Education and urbaniza-
tion induce people to migrate and family size to decrease progressively. At the same
time, the consensus around sustainability means that family-based agricultural sys-
tems are required to cope with the labor-intensive nature of these systems. However,
as more land is available, mechanization receives full support from policymakers
who are eager to witness productivity gains, both on crops and livestock, but demand
a sustained use of these resources. Livestock plays a key role, not only for its con-
tribution to land restoration, but also its source of revenues that are essential to the
livelihoods of most farmers.
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Grey Pathway. Modernization and intensification of agriculture are the focus
of Ghana’s development pathway, with the aim to produce sufficient food locally,
to meet the increasing population demands. Due to high imports of rice, meat, and
poultry products, shortfalls in maize production, and the persistent and widening
gap between consumption and domestic production, it is the desire of the govern-
ment to reduce these production deficits significantly. As a result, policies are set for
a rapid agricultural growth and output which would be achieved via increased use
of inputs such as fertilizers, supplementary irrigation, increased machinery use that
would increase production acreages, and labor productivity among others. Animal
productivity is expected to increase due to more capital input, improved disease con-
trol, as well as due to the high income groups becoming attracted to commercial agri-
culture. Interviews with various stakeholders point towards significant deterioration
of the soil quality and its resilience due to intensive use of heavy machinery and mini-
mum conservation measures. It is expected that the continuous introduction of mech-
anization would displace agricultural labor demand, leading to rural–urban drift,
slight increase in off-farm occupations, and long-term reduction in household sizes.

The development of these two RAPs lead to the following conclusions. Under
the Grey Pathway, adoption must be equally balanced by intensive soil conserva-
tion strategies. The peculiar low inherent organic matter content and low structural
stability of tropical soils would require the adoption of less heavy but effective
machinery, such as power tillers, instead of the promotion of the heavier type of
tractors. Engineering structures that reduce runoff leading to reduced erosion must
be a priority as part of the modernization drive. Agrochemical use must also be
regulated, as the use of chemicals is expected to increase. Addressing this challenge
will require intensive farmer education and enhanced extension services.

In the case of the Green Pathway, it has to be noted that though it is environ-
mentally friendly and sustainable in the long run, measures to fill the short-term
production shortfalls have to be put in place to alleviate any initial food shortages.
Where chemicals are to be used as part of no till systems, farmer training would be
required.

Policies for a rapid agricultural growth and output would be achieved through:

• Increased use of inputs such as fertilizers with the introduction of subsidies to
enable more smallholders to be able to afford and increase use of the same;

• Improved pricing and infrastructure to optimize benefits from produce and reduce
post-harvest losses respectively;

• Another important policy is increased education and improved extension services
to help promote good agronomic practices among farmers and thus, increase
productivity;

• Supplementary irrigation to offset climate change effects;
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