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ABSTRACT 
 
Producing future estimates of the abundance of ecosystem service (ES) supply can help 
design and manage policies to encourage sustainable resource use. This manual presents a 
series of key stakeholder interviews designed to provide a range of plausible futures. We 
specifically investigate variables compatible with ARIES ES models, enabling sensitivity 
analyses to be conducted on existing models to produce a range of possible future ES 
stocks and flows. This manual was developed drawing on the experiences of the ESPA-
funded ASSETS project, investigating the links between ecosystem services, food security 
and nutritional status at the forest-agriculture interface. By applying the methods presented 
here, users will (in collaboration with key stakeholders) be able to quantitatively estimate 
future variables that may impact on ecosystem services, including: land cover change; 
agriculture efficiency change; livestock efficiency change; population projection; climate 
change; distribution/Infrastructure efficiency change; natural resource harvest and utilisation 
efficiency change; and change in foresight and public understanding. The methods 
presented here should be of interest to researchers and practitioners seeking to create an 
evidence base to support ES-based decision-making in data deficient areas. 
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INTRODUCTION 
 
As nations build towards sustainable futures (e.g. the internationally agreed sustainable 
development goals for 2030), there is a need to estimate the future supply of ecosystem 
services (ES; the goods humans derive from nature). Future projections can be made by 
combining models with locally relevant scenarios. Building a potential suite of plausible 
socio-ecological scenarios is extremely difficult and time-consuming. Here, we instead focus  
on the drivers of socio-ecological change that readily match to the ES models currently 
within the ARtificial Intelligence for Ecosystem Services (ARIES; 
http://aries.integratedmodelling.org/) modelling framework. 
 
The purpose of this document is to provide guidelines on how to carry out data collection on 
quantitative scenario parameterisation by means of key stakeholder interviews. Our aim is to 
provide sufficient information to ensure that a standard set of information is collected to 
enable ES models to be projected to 2050 via sensitivity analysis, resulting in the range of 
plausible outcomes.  
 
The following document consists of eight separate exercises that are designed to be 
performed with small groups of subject-specific expertise: 

A. Land cover change – to establish a range of likely future land cover scenarios. 

B. Agriculture efficiency change – to establish a range of likely future 

increases/decreases in agricultural yield per unit area. 

C. Livestock efficiency change – to establish likely future livestock densities. 

D. Population projection – to establish a range of likely future populations. 

E. Climate change – to establish a range of likely climatic conditions. 

F. Distribution/Infrastructure efficiency change – to establish a range of likely changes in 

infrastructure and other factors that may affect the transportation and distribution of 

goods. 

G. Natural resource harvest and utilisation efficiency change – to establish the likely 

future changes in timber/pole production, thatch demand, charcoal/firewood demand 

and wild game. 

H. Change in foresight and public understanding – to estimate future shifts in the 

information available to the public (e.g. weather forecasts, pest outbreak predictions) 

and their ability to understand them. 

For each of these subject areas, we explore the minimum and maximum change that can be 
feasibly considered in the region of interest. We do this by envisaging two extreme scenarios 
throughout (scenario A and B, where scenario A could be thought of as the worst-case 
realistic scenario and scenario B the best-case realistic scenario).  
For each subject area, the small groups of subject-specific expertise (hereafter termed the 
National Expert(s)) will be presented with a brief literature summary, explaining some 
potential future changes using data from the scientific literature. The National Expert(s) will 
then be presented with blank tables to complete (provided in the Appendices), describing 
each scenario in turn. Throughout this manual, we have provided example tables to illustrate 
how the estimates can be reported. It must be noted that whilst these example tables do 
contain theoretically feasible values, they are not specific to any region and thus may not be 
appropriate to the region of interest. 

http://aries.integratedmodelling.org/
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This manual was originally prepared in May 2014 to provide guidelines for the ASSETS 
project (http://espa-assets.org/). The methods were trialled within the ASSETS study areas 
in Malawi, Colombia and Peru and have been updated to take into account this field 
experience. Although designed to meet the specific research objectives of the ASSETS 
project and as such focussing on developing nations, we hope that the methods presented 
here will also be of interest to other researchers working on ecosystem services and well-
being issues. 
 

Utilisation of Scenario Results 
 
Using the two scenarios A and B (where scenario A could be thought of as the worst-case 
realistic scenario and scenario B the best-case realistic scenario), sensitivity analyses of 
ARIES models can be run into the future (http://aries.integratedmodelling.org/). This enables 
examination of the impact of changes in land cover, agricultural efficiency, livestock 
efficiency, population, climate, infrastructure, natural resource use and foresight on wellbeing 
metrics. Within the boundaries of the ARIES modelling system, there are a wide variety of 
wellbeing metrics we are able to monitor and thus have the potential to tailor outputs to 
stakeholder needs. Possible metrics include (but are not limited to): calorific food security; 
nutrient intake; households living on <$1/day; gender inequality; malnourishment in children 
<5years; and environmental sustainability. This information could be conveyed to policy 
makers using a radar graph as follows: 

 
 
 
 
 
 
 
 
 
 

Graph 1 

http://espa-assets.org/
http://aries.integratedmodelling.org/
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If we assume that Graph 1 represents the impact (expressed as percentage change) on our 
examples metrics of land cover and Graph 2 indicates the impact of climate on the same 
metrics. Thus, we can see that, in the timescale of interest, climate change (Graph 2) is 
unlikely to impact livelihoods in any way (neither positively nor negatively). By contrast, land 
cover (Graph 1) substantially impacts livelihoods, with Scenario B having a large positive 
impact on wellbeing and Scenario A having a large negative effect. In the above examples, 
there are no examples of trade-offs, but synergies are illustrated (i.e. Graph 1 indicates that 
Scenario B has gains in all metrics). This framework can also be used to indicate trade-offs 
(i.e. Graph 3 indicates gains in most wellbeing metrics under Scenario B, but there is a 
trade-off as there is a reduction in environmental sustainability). Thus, decision makers will 
be able to visually assess the scale of impact each variable, and therefore decide whether it 
is worth investing in. 

 
 
 
 

Graph 2 

Graph 3 
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Furthermore, the scenarios can be run for more targeted variable changes (e.g. we could 
compare the impact of increasing agricultural yield by 10% for all [Graph 4 – Scenario A] 
with the same increase but only for the poorest 10% of households [Graph 4 – Scenario B]). 
This would enable decision makers to visually assess whether policies that target the 
poorest peoples (e.g. a fertiliser subsidy for the poorest households) may be more cost-
effective than more general policies (e.g. a general subsidy on fertilisers). In this case, both 
scenarios have similar impacts on wellbeing, but Scenario B may be substantially less 
expensive to implement. 

 
 
It is important to note that these scenarios only suggest the sensitivity of the biophysical and 
socioeconomic systems within the ARIES models to the variables investigated here. As they 
stand, the scenarios cannot be used to evaluate policy. For example, the scenarios can 
suggest the impact of increased agricultural yield (Graph 4). However, numerous policies 
could result in increased agricultural yields (e.g. improved seed, fertiliser subsidies, 
increased irrigation etc.). That said, the scenarios will provide clear evidence of which 
changes will have most impact (compare Graphs 1 and 2) and so would encourage 
investment and policy development in that area (e.g. investment in land cover policies over 
climate change policies). 

  

Graph 4 
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EXERCISE A: LAND COVER CHANGE 
 

 

Figure 1 - Causes of forest decline (Geist and Lambin, 2002) 

It is recognised that the drivers of land cover change are complex, consisting of mix of 
numerous proximate and underlying causes as outlined by Geist and Lambin (2002) (see 
Figure 1). Using these factors, several rules estimating areas of likely future conversion can 
be perceived (see Table 1). 

Table 1 – Example land cover conversion rules 

Cause Forest conversion rule Grassland conversion 
rule 

Cropland conversion 
rule 

Infrastructure 
extension 

   

Transport Deforestation is 
increasingly (un)likely 
the closer a forest is to 
roads and railways 

Conversion to grassland 
is increasingly (un)likely 
the closer the area is to 
roads and railways 

Conversion to agriculture 
is increasingly (un)likely 
the closer the area is to 
roads and railways 

Markets Deforestation is 
increasingly (un)likely 
the closer a forest is to 
market towns 

Conversion to grassland 
is increasingly (un)likely 
the closer the area is to 
market towns 

Conversion to agriculture 
is increasingly (un)likely 
the closer the area is to 
market towns 

Settlements 1 Deforestation is 
increasingly (un)likely 
the closer a forest is to 
villages (mainly domestic 
use) 

Conversion to grassland 
is increasingly (un)likely 
the closer the area is to 
villages (mainly domestic 
use) 

Conversion to agriculture 
is increasingly (un)likely 
the closer the area is to 
villages (mainly domestic 
use) 

 
 
 
 

file:///C:/Users/SWillcock/Documents/Writing/ASSETS/Scenario%20Parameterisation_manual_2014.docx%23_ENREF_8
file:///C:/Users/SWillcock/Documents/Writing/ASSETS/Scenario%20Parameterisation_manual_2014.docx%23_ENREF_8
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Cause Forest conversion rule Grassland conversion 
rule 

Cropland conversion 
rule 

Settlements 2 Deforestation is 
increasingly (un)likely 
the closer a forest is to 
towns (domestic and 
industrial use) 

Conversion to grassland 
is increasingly (un)likely 
the closer the area is to 
towns (domestic and 
industrial use) 

Conversion to agriculture 
is increasingly (un)likely 
the closer the area is to 
towns (domestic and 
industrial use) 

Public Service    

Private company (see markets) (see markets) (see markets) 

Agricultural 
expansion 

   

Permanent 
cultivation 

Deforestation is 
increasingly (un)likely 
the closer a forest is to 
existing agriculture  

 Conversion to agriculture 
is increasingly (un)likely 
the closer the area is to 
existing agriculture  

Shifting 
cultivation 

(see permanent 
cultivation) 

 (see permanent 
cultivation) 

Cattle-ranching Deforestation is 
increasingly (un)likely 
the closer a forest is to 
existing pasture 

Conversion to grassland 
is increasingly (un)likely 
the closer the area is to 
existing pasture 

 

Colonisation    

Wood extraction    

Commercial (see markets) (see markets) (see markets) 

Fuelwood (mainly 
domestic) 

(see settlements 1) (see settlements 1) (see settlements 1) 

Polewood (mainly 
domestic) 

(see settlements 1) (see settlements 1) (see settlements 1) 

Charcoal 
production 
(domestic & 
industrial) 

(see settlements 1 & 2) (see settlements 1 & 2) (see settlements 1 & 2) 

Demographic 
factors 

   

Natural increment    

Migration Deforestation is 
increasingly (un)likely in 
areas that see a lot of in 
migration 

Conversion to grassland 
is increasingly (un)likely 
in areas that see a lot of 
in migration 

Conversion to agriculture 
is increasingly (un)likely 
in areas that see a lot of 
in migration 

Population 
Density 

Deforestation is 
increasingly (un)likely in 
areas of higher 
population density 

Conversion to grassland 
is increasingly (un)likely 
in areas of higher 
population density 

Conversion to agriculture 
is increasingly (un)likely 
in areas of higher 
population density 

Population 
Distribution 

   

Life cycle 
features 

   

Economic 
factors 

   

Market growth (see market) (see market) (see market) 

Economic 
structures 

(see market) (see market) (see market) 
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Cause Forest conversion rule Grassland conversion 
rule 

Cropland conversion 
rule 

Urbanisation (see settlement 2) (see settlement 2) (see settlement 2) 

Special variables    

Technological 
factors 

   

Agro-technical 
change 

   

Applications in 
wood sector 

   

Agriculture 
production factors 

   

Policy & 
Institution 
factors 

   

Formal policies 1 Deforestation is 
increasingly (un)likely in 
areas ear-marked for 
agricultural development 
projects, industry 
projects, etc. 
 

Conversion to grassland 
is increasingly (un)likely 
in areas ear-marked for 
grazing development 
projects 
 

Conversion to agriculture 
is increasingly (un)likely 
in areas ear-marked for 
agricultural development 
projects. 
 

Formal policies 2 Deforestation is 
increasingly (un)likely if 
the forest is unprotected 

Conversion to grassland 
is increasingly (un)likely 
if the forest is 
unprotected 

Conversion to agriculture 
is increasingly (un)likely if 
the forest is unprotected 

Policy climate    

Property rights Deforestation is 
increasingly (un)likely in 
areas of open access 

Conversion to grassland 
is increasingly (un)likely 
in areas of open access) 

Conversion to agriculture 
is increasingly (un)likely 
in areas of open access 

Cultural factors    

Public attitudes Some tribes may 
traditionally be 
associated with forest 
protection and thus 
deforestation is less 
(un)likely in these areas 

Some tribes may 
traditionally be 
associated with rearing 
cattle and thus 
conversion to grassland 
is more (un)likely in 
these areas 

Some tribes may 
traditionally be associated 
with agriculture and thus 
conversion to agriculture 
is more (un)likely in these 
areas 

Individual 
behaviour 

   

Other factors    

Pre-disposing 
environmental 
factors 

Deforestation is 
increasingly (un)likely in 
areas that are highly 
suitable for agriculture 
(e.g. fertile soil, 
adequate precipitation 
etc) 

Conversion to grassland 
is less (un)likely in areas 
that are highly suitable 
for agriculture (e.g. fertile 
soil, adequate 
precipitation etc) 

Conversion to agriculture 
is increasingly (un)likely 
in areas that are highly 
suitable for agriculture 
(e.g. fertile soil, adequate 
precipitation etc) 

Biophysical 
drivers 1 

Deforestation is 
increasingly (un)likely in 
areas that show high 
levels of burning 

Conversion to grassland 
is increasingly (un)likely 
in areas that show high 
levels of burning 

Conversion to agriculture 
is less (un)likely in areas 
that show high levels of 
burning 
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Cause Forest conversion rule Grassland conversion 
rule 

Cropland conversion 
rule 

Biophysical 
drivers 2 

Deforestation is 
increasingly (un)likely in 
areas that are near to 
rivers 

Conversion to grassland 
is increasingly (un)likely 
in areas that are near to 
rivers 

Conversion to agriculture 
is less (un)likely in areas 
that are near to rivers 

Social trigger 
events 

(see migration) (see migration) (see migration) 

 

Action required  
 
Firstly, the National Expert(s) should go through the rules shown in Table 1 and decide the 
appropriate direction of the relationships indicated. For example, the ‘biophysical drivers’ rule 
for forests currently is “Deforestation is increasingly (un)likely in areas that show high levels 
of burning”. The National Expert(s) should decide if forests are more or less likely to be 
deforested if they are in areas prone to burning. They should indicate this in the table by the 
deletion of the ‘(un)’ if necessary; e.g. “Deforestation is increasingly (un)likely in areas that 
show high levels of burning”. 
 
Secondly, it is necessary to decide which rules are most important in the region of interest, 
as well as identifying those rules that do not apply. Conduct three ranking exercises, using 
Table 2 as follows: 1) the National Expert(s) should indicate which rules are not appropriate 
in the region of interest by crossing these rules out (e.g. cattle ranching in our given 
example); 2) the National Expert(s) should indicate which rule is more important than other 
corresponding rules with a tick. In our example, the ‘transport’ rule (defined in Table 1) is 
deemed more important in determining forest conversion than the ‘market’ rule; 3) the 
number of ticks in each row should be recorded at the end. Thus, the total column reveals 
the most influential factors (e.g. permanent cultivation is the most important influence on 
land cover conversion in our example). This exercise should be repeated three times, once 
for each of forest rules, grassland rules and cropland rules, respectively. 

 
Thirdly, whilst most of the rules can be created from freely available GIS data, the data is not 
likely to be available for ‘migration’, ‘formal policies 1’, and ‘public attitude’. Thus for these 
categories the areas of conversion probability must be indicated on a GoogleEarth image 
using transparencies (Figure 10). We suggest ‘high likelihood of conversion’, ‘medium 
likelihood of conversion’, ‘low likelihood of conversion’, and ‘no likelihood of conversion’ are 
used as categories on the transparencies. Furthermore, we would like the Advisory Board to 
use their expert knowledge to suggest feasible rates of change of each of the land cover 
groups when given the percentages of present day land cover. It may be helpful to think of 
two extreme scenarios and give values for both. An example output is shown in Table 3. 
Here, scenario A could be thought of as the worst-case realistic scenario and scenario B the 
best-case realistic scenario. 
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Table 2 - An example of how to rank the land cover conversion rules defined in Table 1. 

Conversion Rule 

T
ra

n
s
p
o
rt 

M
a
rk

e
ts

 

S
e
ttle

m
e
n
ts

 1
 

S
e
ttle

m
e
n
ts

 2
 

P
e
rm

a
n
e

n
t c

u
ltiv

a
tio

n
 

S
h
iftin

g
 c

u
ltiv

a
tio

n
 

C
a
ttle

-ra
n
c
h
in

g
 

M
ig

ra
tio

n
 

P
o
p

u
la

tio
n
 D

e
n
s
ity

 

F
o
rm

a
l p

o
lic

ie
s
 1

 

F
o
rm

a
l p

o
lic

ie
s
 2

 

P
o
lic

y
 c

lim
a
te

 

P
ro

p
e
rty

 rig
h
ts

 

P
u
b

lic
 a

ttitu
d

e
s
 

P
re

-d
is

p
o
s
in

g
 e

n
v
iro

n
m

e
n
ta

l 

fa
c
to

rs
 

B
io

p
h
y
s
ic

a
l d

riv
e
rs

  1
 

B
io

p
h
y
s
ic

a
l d

riv
e
rs

 2
 

S
o
c
ia

l trig
g

e
r e

v
e
n
ts

 

T
o
ta

l 

Transport                   7 
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Settlements 2 
 

 
     

  
     

   

 

5 

Permanent cultivation     
   

  
     

   

 

8 

Shifting cultivation 
                

 

 

n/a 

Cattle-ranching 
                

 

 

n/a 

Migration 
 

 
              

 

 

1 

Population Density 
 

 
     

 
       

  

 

3 

Formal policies 1 
                

 

 

n/a 

Formal policies 2 
                

 

 

n/a 

Policy climate 
                

 

 

n/a 

Property rights 
                

 

 

n/a 

Public attitudes 
                

 

 

n/a 

Pre-disposing 
environmental factors 

               
 

 

 

1 

Biophysical drivers 1 
                

 

 

0 

Biophysical drivers 2                    

Social trigger events 
                

 

 

n/a 

 
 

Table 3 - Example rates of land cover change. 

Land cover % cover in 
2010 

% cover in 
2020 

% cover in 
2030 

% cover in 
2040 

% cover in 
2050 

Scenario  A B A B A B A B 

Forest 50 45  43  40  35  40  30  40  25  
 

Grassland 20 20  20  20  22  20  24  20  25  
 

Cropland 30 35  37  40  43  40  46  40  50  
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EXERCISE B: AGRICULTURAL EFFICIENCY CHANGE 
 
In Africa, the Millennium Villages project has demonstrated that maize yields can be 
increased by ~141% of present day values (Sanchez et al., 2009). This is an increase from 
1.7 (0.6-2.8) t ha-1 with no interventions to 4.1 (1.4-6.2) g ha-1 with interventions (Sanchez et 
al., 2009). Thus, we observe an increase of 2.4 (0.8-4.9) t ha-1, but this required an input 
cost of 82 (24-165) US$ per extra ton of maize (Sanchez et al., 2009). Similar ranges of yield 
increases were obtained in cereal-pulse cropping systems, and rice, millet- and root-based 
cropping systems (Sanchez et al., 2009). The investment in inputs is profitable, provided the 
surplus yield was stored and sold when the value of the crop was at peak prices (usually 6-9 
months after harvest) (Nziguheba et al., 2010). The cereal bank or contact buying schemes 
implemented also increased the price farmers received for each unit weight of grain by 100% 
(Sanchez et al., 2009).  
 
This increase was achieved by: 

 Reversing soil fertility depletion with subsidized mineral fertilizers. 

 Providing improved seeds, also subsidized, either hybrids or open-pollinated 

cultivars, of the basic food crops recommended by national agricultural research 

institutes and Consultative Group in International Agricultural Research (CGIAR) 

offices in the various countries. 

 Empowering agricultural extension officers with transportation and laptop computers, 

in order for them to train farmers in the latest knowledge of good agronomic 

practices, including early planting, spacing, seed and fertilizer placement, harvest 

and storage methods, small-scale water management, and others. 

 Farmers agreeing to contribute part of their harvest to the village school feeding 

programs. 

 Constructing grain storage facilities to minimize postharvest losses as well as to store 

crop surpluses in order to sell later at higher prices, rather than immediately after 

harvest when prices are lowest (Nziguheba et al., 2010). 

After two years, additional interventions were implemented: 

 Promoting enterprise diversification, including high-value crops such as vegetables, 

fruits, spices, as well as dairy cows and goats, poultry, beekeeping, mushroom 

production, aquaculture, and various agroforestry systems. 

 Promoting small-scale water management using treadle pumps, drip irrigation, and 

rainwater harvesting, for supplemental irrigation of high value cash crops and dry-

season farming. 

 Improving nutritional security, including school-based nutrition programs such as 

locally produced school meals; introduction and demonstrations of the value of 

nutritious foods including orange-fleshed sweet potatoes, milk, soybeans, African 

leafy green vegetables, and fruits. 

 

 

 

file:///C:/Users/SWillcock/Documents/Writing/ASSETS/Scenario%20Parameterisation_manual_2014.docx%23_ENREF_22
file:///C:/Users/SWillcock/Documents/Writing/ASSETS/Scenario%20Parameterisation_manual_2014.docx%23_ENREF_22
file:///C:/Users/SWillcock/Documents/Writing/ASSETS/Scenario%20Parameterisation_manual_2014.docx%23_ENREF_22
file:///C:/Users/SWillcock/Documents/Writing/ASSETS/Scenario%20Parameterisation_manual_2014.docx%23_ENREF_22
file:///C:/Users/SWillcock/Documents/Writing/ASSETS/Scenario%20Parameterisation_manual_2014.docx%23_ENREF_22
file:///C:/Users/SWillcock/Documents/Writing/ASSETS/Scenario%20Parameterisation_manual_2014.docx%23_ENREF_18
file:///C:/Users/SWillcock/Documents/Writing/ASSETS/Scenario%20Parameterisation_manual_2014.docx%23_ENREF_22
file:///C:/Users/SWillcock/Documents/Writing/ASSETS/Scenario%20Parameterisation_manual_2014.docx%23_ENREF_18
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 Beginning the transformation to small-scale entrepreneurship: working with existing 

or new farmer associations; marketing studies to identify local demand for different 

high-value products; training on banking, credit and business accounting; 

establishing linkages to financial services for credit for farm inputs and bank accounts 

for savings; agro-processing for adding value; use of cell phones for obtaining price 

information; and linking villagers to the value chain; and to markets starting with local, 

regional, and even international. 

 Risk reduction via improved weather forecasting and crop insurance. 

 Improved germplasm as well as several agronomic practices used at each of the 

clusters were those recommended by research and extension agencies, since no 

adaptive research was done at the villages, following the philosophy of using 

knowledge already available (Nziguheba et al., 2010). 

Table 4 - Current yields and predicted yields in 2050, given climate change and crop improvement 

(Jaggard et al., 2010). The asterisk indicates where crop groups are not found. 

 

Crop 
Yield (t 

ha-1) 

Country/Region 

EU 
Argenti

na 
Austral

ia 
Brazi

l 
Cana

da 
Chin

a 
India 

Nigeri
a 

Russi
a 

S. 
Africa 

Ukrai
ne 

USA 

Wheat 2007 21.2 2.5 3.2 * 3.9 16.3 11.6 * 7.3 * 2.2 9.4 

 
2050 9.5 4.2 2.5 3.6 3.8 9.2 5.5 1.8 3.5 5.0 2.8 4.4 

Maize 2007 8.3 2.4 * 6.2 1.3 19.2 2.2 * * 1.3 1 40 

 
2050 11.3 11.4 9.8 5.5 11.3 10.3 3.1 2.4 2.6 4.4 9.1 14.4 

Rice 2007 * * * 1.9 * 28.6 21.7 * * * * 1.5 

 
2050 9.2 8.3 11.9 5.4 * 11.3 5.1 1.5 10.4 3.2 9.0 11.6 

Sorghu
m 

2007 * 4.3 2.9 2.9 * 4.3 12 15 * * * 17.2 

 
2050 9.2 8.1 3.5 2.5 * 7.9 1.2 1.7 2.2 4.9 3.8 5.1 

Soyabe
an 

2007 * 18.3 * 25.1 1.4 7.5 4.1 * * * * 37.3 

 
2050 5.8 4.5 3.8 4.4 3.5 3.1 1.8 1.4 2.3 3.2 2.7 4.1 

Dry 
bean 

2007 * 1.2 * 16.8 1.6 8.9 16.8 * * * * 5.6 

2050 3.1 1.5 1.8 0.8 2.8 2.3 0.6 * 3.7 2.0 2.7 2.6 

Rapese
ed 

2007 32.8 * 2.8 
 

18.3 26.3 14.2 * * * * 1.4 

 
2050 4.8 * 2.2 * 2.4 3.2 1.8 * 2.7 2.5 1.8 2.1 

Sugarca
ne 

2007 * 1.5 2.6 32.1 * 6.8 19.7 * * 1.4 * 1.9 

 
2050 * 95.3 102.5 

115.
3  

102.1 
105.

1 
34.3 * 72.4 * 82.7 

Sugar 
beet 

2007 50.1 * * * * 3.2 * * 9.9 * 6.9 11.6 

 
2050 88.7 * * * 74.3 65.0 * * 66.7 * 50.4 67.2 

Potato 2007 20.2 * * 1.0 1.6 20.4 7.4 * 11.8 * 6.2 6.4 

 
2050 44.1 62.5 71.5 44.1 54.0 24.8 35.8 9.0 21.0 70.3 21.0 80.7 

Sunflow
er 

2007 21.7 12.5 * * * 6.2 4.4 * 20 2 15 4.4 

 
2050 2.1 3.4 1.6 2.6 2.7 2.9 0.6 * 1.8 2.0 1.2 2.2 

file:///C:/Users/SWillcock/Documents/Writing/ASSETS/Scenario%20Parameterisation_manual_2014.docx%23_ENREF_18
file:///C:/Users/SWillcock/Documents/Writing/ASSETS/Scenario%20Parameterisation_manual_2014.docx%23_ENREF_12
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Similar yield gains have been demonstrated using the push-pull system. Under this planting 
system, the crop is interspersed with desmodium intercrop which serves four functions: 1) to 
repel stemborer moths; 2) to attract natural enemies of stemborer moths; 3) to increase soil 
health via nitrogen fixation; 4) to inhibit the growth of parasitic striga plants that reduce crop 
yields. The impact of this is enhanced by planting Napier grass on the border of the field, 
which acts as an attraction to stemborer moths but fails to support their larvae. Thus, the 
Napier grass also increases crop yield, as well as providing fodder for livestock. As a result 
of these activities, yields can increase from below 1 t ha-1 to 3.5 t ha-1 (Khan et al., 2011). 
 
In other regions of the world, crop yield is exceedingly high (e.g. ~8.3 t ha-1 for maize grown 
in the EU). It could be reasoned that, given the appropriate inputs and cultivars, global yields 
could approach these values. However, under climate change plant growth will alter. 
Jaggard et al. (2010) estimated future yields in 2050, given climate change and possible 
crop improvements. Current and future yields, separated by selected countries and regions, 
are shown in Table 4.  

 
Action required  
 
The National Expert(s) should indicate what yield increase (t ha-1) could be feasible within 
the region of interest. We would like the National Expert(s) to use their expert knowledge to 
suggest feasible yield increase for different crop types. It may be helpful to think of two 
extreme scenarios and give values for both. The desired crop types categories and an 
example output is shown in Table 5. Here, scenario A could be thought of as the worst-case 
realistic scenario and scenario B the best-case realistic scenario. 

Table 5 - Example increases in agricultural yield.  

Crop Yield in 2010 
(t ha-1) 

Yield in 2020 
(t ha-1) 

Yield in 2030 
(t ha-1) 

Yield in 2040 
(t ha-1) 

Yield in 2050 
(t ha-1) 

Scenario  A B A B A B A B 

Cassava 0.8  0.8  1.7  0.8  2.5  0.5  3.0  0.5  4.0  

Chickpea 0.8  0.8  1.1  0.8  1.3  0.5  1.5  0.5  1.5  

Cotton 0.5  0.5  0.8  0.5  1.0  0.5  1.0  0.5  1.0  

Cowpea          

Groundnut Etc.         

Maize          

Millet          

Mungbean          

Pigeonpea          

Rice          

Sorghum          

Soybean          

Sugarcane          

Sweet potato          

Tobacco          

[insert other 
relevant crops] 
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EXERCISE C: LIVESTOCK EFFICIENCY CHANGE 
 
Livestock densities vary substantially across the globe, with some land used sparsely and 
others areas more intensively managed. The intensity of livestock management is affected 
by numerous factors, e.g. quality of grazing land, availability of feed, cultural heritage etc. 
Figures 2 – 7 (below) illustrate the variation in livestock densities across the globe. 

 
 
 

 

Figure 2 - Global cattle density (FAO, 2012). 
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Figure 3 - Global buffalo density (FAO, 2012). 

 

 

Figure 4 - Global goat density (FAO, 2012). 
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Figure 5 - Global sheep density (FAO, 2012). 

 

 

Figure 6 - Global pig density (FAO, 2012). 
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Figure 7 - Global poultry density (FAO, 2012). 

Action required  
 
The National Expert(s) should indicate what livestock densities are expected between 
present day and 2050 in the region of interest. It may be helpful to think of two extreme 
scenarios and give values for both. This can be done using Table 6, adding additional rows if 
necessary (e.g. for fish ponds). Here, scenario A could be thought of as the worst-case 
realistic scenario and scenario B the best-case realistic scenario. If substantial variation 
within the region is expected, then this must be indicated on a GoogleEarth image using 
transparencies (Figure 10).  

Table 6 - Example changes in livestock densities.  

Livestock Density in 
2010 (km2) 

Density in 
2020 (km2) 

Density in 
2030 (km2) 

Density in 
2040 (km2) 

Density in 
2050 (km2) 

Scenario  A B A B A B A B 

Cattle 10 10 20 10 25 10 30 10 30 

Buffalo 0 0 0 0 0 0 0 0 0 

Goat 2 2 5 2 10 2 10 2 10 

Sheep 1 1 2 1 2 1 2 1 2 

Pig 3 3 3 3 3 2 3 1 3 

Poultry 10 20 50 30 100 40 150 50 200 

[insert other 
relevant 
livestock] 
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EXERCISE D: POPULATION PROJECTION 
 
Africa is the only region in the world expected to demonstrate sustained population growth 
until 2050 (Jayne et al. 2014). In Malawi, the rural population is anticipated to grow from 
approximately 8.4 million in 1990 to almost 29 million by 2050 (UN 2014). Both Jayne et al. 
(2014) and Ricker-Gilbert et al. (2014)  found minimal  evidence of increased migration 
under greater population density. Regarding rural migration, resource constraints, poor 
public and education services, insufficient road infrastructure and market access, combined 
with cultural differences were found to limit the migration of households from Southern to 
Northern Malawi in order to obtain arable land (Ricker-Gilbert et al., 2014). Urban migration 
in response to increased population density is poorly documented within the literature. On 
the one hand, studies by Englund (2002) and Potts (2006) suggest rural migrants rarely 
settle in urban areas. More recent studies by the Government of Malawi (2013) and Suckall 
et al. (2015) on the other hand, suggest that Malawi has a very high urbanisation rate and 
highlight the link with climate change.  
 
The relationship between rural fertility rates and population density was explored by Headey 
and Jayne (2014). No significant differences were found between the achieved fertility rates 
of high and low density countries (Heady and Jayne, 2014). However, the fertility rates 
desired by African women were found to decrease with increasing population density. 
Women with similar levels of education and agricultural income desired roughly 1.5 fewer 
children in a higher density country such as Rwanda (420 people per km2), when compared 
with a lower density country such as Tanzania (90 people per km2) (Heady and Jayne, 
2014).  
 

Action required  
 
The National Expert(s) should identify the most appropriate population projections for the 
region of interest up to 2050. These projections should include changes in birth rates, 
mortality, migration and urbanisation. Ideally, at least two scenarios should be identified, 
indicating the maximum and minimum expected future population (see Figure 8). 
 

 
Figure 8 - Population of the world, 1950-2100, according to different projections and variants (UN, 

2013). 
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EXERCISE E: CLIMATE   CHANGE 
 
Climate change will have a significant impact upon ecosystem services (Pedrono et aI., 
2016). This is particularly problematic within low income country contexts, where the 
livelihoods of households are predominantly rural (Paavola, 2008). Climate change is 
anticipated to cause temperature increases and increased rainfall variability, along with more 
frequent shocks and stresses in the form of droughts and floods (McSweeney et al. 2008). 
This will shorten growing seasons, reduce the area of land suitable for agriculture and lead 
to declines in agricultural yield (Wolfram & David 2010; Vizy et al. 2015; Dube et al. 2016).  
 

Action required  
 
The National Expert(s) should ascertain the most appropriate down-scaled climate 
projections for the region of interest up to 2050.  Ideally, at least two scenarios should be 
indicated and these should reflect extremes in the likely expected conditions (see Figure 9). 
 

 

 

Figure 9 - Global mean temperature projections (Houghton et al., 2001). 
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EXERCISE F: DISTRIBUTION/INFRASTRUCTURE EFFICIENCY 
CHANGE 
 

Improvements to infrastructure can enhance agricultural productivity within rural areas. 
According to Conceição et al. (2016) gains in productivity are considered to encourage a 
virtuous cycle, generating farm employment opportunities, increasing purchasing power and 
further enhancing infrastructure development. A survey of 410 rural households by Zellar et 
al (1998) uncovered a negative relationship between the share of land cropped with hybrid 
maize and the household’s transaction costs in accessing markets for agricultural inputs and 
outputs. Improvements to rural roads within Bangladesh were linked to poverty reduction 
and increased economic opportunities (Khandker et al., 2009). Similarly, access to electricity 
within rural areas of India was associated with a number of socio-economic impacts, 
including enhanced literacy (Kanagawa and Nakata, 2008).  
 
Within Malawi, current infrastructure policies are outlined within the overall Malawi Growth 
and Development Strategy II 2012-16 (MGDS II) and the Rural Infrastructure Development 
Programme (RIDP). An overarching aim of the MGDS II is the reduction of poverty through 
“sustainable economic growth and infrastructure development” (World Bank 2012). In line 
with the MGDS II, the RIDP encompasses two components: i) small scale rural infrastructure 
development and ii) capacity development for the irrigation sector. Under component 1 of the 
RIDP, over 1850 km of existing rural feeder roads are expected to be rehabilitated by the 
end of the programme.  

 

Action required  
 
The National Expert(s) should identify areas of region of interest which will likely show 
significant changes in transportation and energy distribution infrastructure by 2050. For 
example, if a new railway is planned to be built, or if changes to the road network (including 
upgrades from dirt roads to tarmac) are likely in the future, including those due to new 
mining developments, these should be indicated on a map. The areas of likely change must 
be indicated on a GoogleEarth image using transparencies, labelled with expected date of 
completion. We suggest ‘high likelihood of occurrence’, ‘medium likelihood of occurrence’, 
and ‘low likelihood of occurrence’ are used as categories on the transparencies (see Figure 
10).  
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Figure 10 – a) An example GoogleEarth image with places labelled; b) An example transparency 

overlaid on the GoogleEarth image. The borders, the legend and the title must be included on the 

transparency to aid digitisation. 

  

a) b) Legend: 

High likelihood of occurrence 

Medium likelihood of occurrence 

Low likelihood of occurrence 

National Border 

Title: New tarmac roads in Ghana by 

2050 
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EXERCISE G: NATURAL RESOURCE HARVESTING & UTILISATION 
EFFICIENCY CHANGE 
 

Timber and Poles 
 
There are two broad ways through which the future availability of timber and poles could be 
significantly increased. Firstly, a switch can be made from natural forests to plantation 
forests. This switch will be associated with a large loss of biodiversity and so may bring with 
it a range of trade-offs, however it will increase the efficiency at which useful species are 
grown. Secondly, through different management strategies, the productivity of plantations 
(measured as mean annual increment [MAI] per unit area and time) can be improved. The 
MAI of difference plantation groups for selected regions is shown in Table 7. 

Table 7 - Growth rate and rotation data by species and regions for plantation forests (Carle et al., 

2009). 

Species Group Region 
Mean MAI [range] (m3 

ha-1 yr-1) 
Rotation (years) 

Broadleaves Wet tropics 15 [10-45] 5-15 
Broadleaves Dry tropics 5 [5-15] 10-30 
Pines Tropics/subtropics 12 [10-25] 10-30 
Tectona grandis Dry tropics 5 [4-10] 25-70 
Cunnighamia 
lanceolata 

Central China 5 [3-12] 15-30 

Pinus radiate Mediterranean regions 15 [10-30] 15-35 
Populus spp.  10 [4-20] 10-30 
Abies, Larix, Picea 
and Pinus 

Temperate 8 [2-16] 30-150 

Fagus and Quercus Temperate 4 [2-10] 80-200 
Boreal conifers Boreal forest 3 [1-10] 60-150 

 

Action required  
 
The National Expert(s) should indicate what plantation MAI could be feasible and what 
percentages of forested land in the future will be composed of plantation forestry within the 
region of interest. It may be helpful to think of two extreme scenarios and give values for 
both. An example output is shown in Table 8. Here, scenario A could be thought of as the 
worst-case realistic scenario and scenario B the best-case realistic scenario. 

Table 8 - Example increases in timber and pole availability.  

 2010 2020 2030 2040 2050 

Scenario  A B A B A B A B 

Plantation MAI 
(m3 ha-1 yr-1) 

5 6 10 7 15 6 15 5  15 

Percentage of 
forests that are 
plantations (%)  

5  5 10  8  20  10  30 15  40 
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Thatch 
 
Thatch can be derived from a number of graminoid species, including reeds, rushes and 
grasses. Thatch is primarily used to roof dwellings. It is a low-cost material that is able to 
provide shelter from the elements. The growth of thatch material is not typically managed, 
but simple requires a suitable lack of disturbance (e.g. fire and grazing suppression). As 
such, a reduction in the demand for thatch is typically obtained via a switch to alternate 
roofing materials (e.g. tiles, corrugated steel etc.). 

 
Action required  
 
The National Expert(s) should indicate what percentage of households would have 
thatched roofs within the region of interest. It may be helpful to think of two extreme 
scenarios and give values for both. An example output is shown in Table 9. Here, scenario A 
could be thought of as the worst-case realistic scenario and scenario B the best-case 
realistic scenario. 

Table 9 - Example changes in proportion of rural and urban households with thatched dwellings.  

Households 
with thatch 
roofs 

Percentage in 
2010 (%) 

Percentage in 
2020 (%) 

Percentage in 
2030 (%) 

Percentage in 
2040 (%) 

Percentage in 
2050 (%) 

Scenario  A B A B A B A B 

Rural 58 58 50 58 45 58 40 58  40 

Urban  5 5 4 5  3 5  2 5  1 

 

Firewood 
 
There are two broad ways through which firewood use could be significantly reduced in the 
future. Firstly, a switch can be made from traditional stoves (with efficiencies between 6 and 
20%) to improved stoves (with efficiencies ranging from 11-43%) (Bhattacharya and Abdul 
Salam, 2002). Secondly, households can proceed up the energy ladder. According to the 
energy ladder hypothesis, an increase in household income relates to a transition up the 
energy ladder from traditional fuels such as firewood, to modern fuel sources such as 
electricity. The percentage of households reliant on firewood as their main fuel source is 
illustrated for selected countries in Table 10. 

 
Action required  
 
The National Expert(s) should indicate what charcoal production efficiencies (%) could be 
feasible and what percentages of households will be reliant on charcoal within the region of 
interest. It may be helpful to think of two extreme scenarios and give values for both. An 
example output is shown in Table 11. Here, scenario A could be thought of as the worst-
case realistic scenario and scenario B the best-case realistic scenario. 
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Table 11 - Example changes in firewood reliance.  

 Percentage in 
2010 (%) 

Percentage in 
2020 (%) 

Percentage in 
2030 (%) 

Percentage in 
2040 (%) 

Percentage in 
2050 (%) 

Scenario  A B A B A B A B 

Stove 
efficiency 

8 8 10 8 20  8 40 8  40  

Percentage of 
households 
reliant on 
firewood as 
their primary 
fuel  

95 95 90  90  
 

80  90  70 90  60 

 
Table 10 - The percentage of households which consider charcoal and firewood as their primary fuel 

for selected countries (WHO, 2010). 

Country Year 

Percentag
e of 

cooking 
fuel that is 
charcoal 

(%) 

Percentage 
of cooking 

fuel is 
firewood 

(%) 

Country Year 

Percentage 
of cooking 
fuel that is 
charcoal 

(%) 

Percentage 
of cooking 

fuel is 
firewood 

(%) 

Afghanistan 2007 1.0 55.6 
Madagasc

ar 
2005 17.4 81.7 

Algeria 2006 0.3 0.9 Malawi 2005 5.4 92.8 

Angola 2006 19.7 34.2 Malaysia 2003 0.1 0.8 

Armenia 2005 0.1 3.7 Mali 2006 15.9 80.2 

Azerbaijan 2006 0.5 8.7 
Marshall 
Islands 

2007 0.2 8.4 

Bangladesh 2007 0.1 44.8 Mauritania 2007 23.2 38.9 

Belize 2005 0.1 13.6 Mexico 2003 0.5 13.2 

Benin 2006 21.2 72.2 Mongolia 2005 0.2 33.1 

Bolivia 2007 0.0 28.4 
Montenegr

o 
2005 0.5 27.8 

Bosnia-
Herzegovina 

2005 0.3 47.7 Morocco 2004 0.4 7.8 

Botswana 2001 0.0 45.7 
Mozambiq

ue 
2003 0.4 84.0 

Brazil 2003 0.4 10.3 Myanmar 2003 22.4 70.0 

Burkina Faso 2007 4.3 87.4 Namibia 2006 0.6 54.9 

Burundi 2005 5.1 93.8 Nepal 2006 0.1 73.7 

Cambodia 2005 7.9 84.4 Nicaragua 2001 0.4 60.0 

Cameroon 2005 1.7 73.2 Niger 2006 2.8 94.2 

Central African 
Rep. 

2006 2.2 96.9 Nigeria 2007 2.2 71.4 

Chad 2005 15.6 72.8 Niue 2006 5.0 7.0 

China 2006 0.0 18.0 Pakistan 2006 0.4 55.5 

Colombia 2000 1.1 17.0 Paraguay 2003 11.6 38.5 

Comoros 2004 0.7 74.6 Peru 2004 1.1 22.4 
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Country Year 

Percenta
ge of 

cooking 
fuel that 

is 
charcoal 

(%) 

Percentag
e of 

cooking 
fuel is 

firewood 
(%) 

Country Year 

Percentag
e of 

cooking 
fuel that is 
charcoal 

(%) 

Percentag
e of 

cooking 
fuel is 

firewood 
(%) 

Congo 2005 30.7 50.6 Philippines 2003 6.7 36.0 

Cote D'ivoire 2005 19.6 66.6 
Republic 

Of 
Moldova 

2005 0.1 11.5 

Croatia 2003 0.1 12.2 
Russian 

Federation 
2003 0.4 7.3 

Dem. Rep. Of 
Congo 

2007 27.5 67.9 Rwanda 2005 6.5 92.1 

Djibouti 2006 8.7 3.7 Saint Lucia 2001 7.0 5.1 

Dominican 
Republic 

2007 3.1 6.6 Samoa 2001 0.6 62.1 

Egypt 2005 0.0 0.2 Senegal 2006 7.9 47.7 

El Salvador 2007 0.1 21.8 Serbia 2005 0.1 32.0 

Eritrea 2002 1.7 59.4 
Sierra 
Leone 

2007 13.8 84.9 

Ethiopia 2005 2.8 85.0 Slovenia 2003 0.5 6.9 

Form. Yug. Rep. 
Mac. 

2005 0.2 36.1 
Solomon 
Islands 

2007 88.4 1.4 

Gambia 2005 12.8 78.0 Somalia 2005 33.1 66.4 

Georgia 2003 0.1 40.0 
South 
Africa 

2003 0.1 13.6 

Ghana 2008 36.6 46.0 Spain 2003 0.1 1.4 

Guatemala 2003 0.4 61.3 Sri Lanka 2003 0.3 65.8 

Guinea 2005 78.6 0.3 Sudan 2006 1.3 55.7 

Guinea-Bissau 2006 28.8 69.0 Swaziland 2003 0.5 43.9 

Guyana 2006 0.4 10.2 Swaziland 2006 0.4 56.7 

Haiti 2005 41.6 51.8 Thailand 2005 17.5 16.8 

India 2005 0.4 54.0 Togo 2005 43.8 53.8 

Indonesia 2007 0.4 54.2 Tunisia 2006 0.0 0.4 

Kazakhstan 2005 0.2 2.9 Uganda 2006 15.7 80.1 

Kenya 2006 13.3 68.3 Ukraine 2007 0.1 2.5 

Kyrgyzstan 2005 3.9 13.6 
United 
Rep. 

Tanzania 
2007 19.1 77.6 

Lao People's 
Dem Rep 

2006 1.5 74.8 Uzbekistan 2005 0.1 14.9 

Lesotho 2004 0.1 55.7 Viet Nam 2005 3.5 55.0 

Liberia 2006 39.4 59.4 Zambia 2007 25.1 60.1 

Madagascar 2005 17.4 81.7 Zimbabwe 2006 0.1 66.8 
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Charcoal 
 
Similar to firewood, there are two broad ways through which charcoal use could be 
significantly reduced in the future. Firstly, a switch can be made from traditional kilns (with 
efficiencies between 8 and 20%) to improved kilns (such as brick, steel, casamance and 
Adam-retort; producing charcoal at efficiencies ranging from 30-70%). Currently, there is a 
slow uptake of improved kilns due to high initial capital investment, a lack of necessary skills 
to construct and maintain kilns, legality of the sector and a lack of incentives for producers to 
convert to more efficient technologies. Furthermore, charcoal producers may be unwilling to 
construct in-situ kilns, as this may increase their vulnerability to formal and informal 
regulatory measures, such as rent seeking, official taxes, and confiscation. Secondly, 
households can proceed up the energy ladder. According to the energy ladder hypothesis, 
an increase in household income relates to a transition up the energy ladder from traditional 
fuels such as firewood, to modern fuel sources such as electricity. The percentage of 
households reliant on charcoal as their main fuel source is illustrated for selected countries 
in Table 10. 
 

Action required  
 
The National Expert(s) should indicate what charcoal production efficiencies (%) could be 
feasible and what percentages of households will be reliant on charcoal within the region of 
interest. It may be helpful to think of two extreme scenarios and give values for both. An 
example output is shown in Table 12. Here, scenario A could be thought of as the worst-
case realistic scenario and scenario B the best-case realistic scenario. 

Table 12 - Example changes in charcoal needs. 

 Percentage in 
2010 (%) 

Percentage in 
2020 (%) 

Percentage in 
2030 (%) 

Percentage in 
2040 (%) 

Percentage in 
2050 (%) 

Scenario  A B A B A B A B 

Charcoal 
production 
efficiency 

8 8 10 8 20 8 40 8  70 

Percentage of 
households 
reliant on 
charcoal as 
their primary 
fuel  

5 5 10 0  20 0  20 0  20 
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EXERCISE H: CHANGE IN FORESIGHT AND PUBLIC 
UNDERSTANDING 
 
Changing foresight and public understanding in relation to stochastic events is of 
heterogeneous nature. The ability to foresee potential stressors such as floods, pest 
outbreaks and rising commodity prices exhibits global variation. According to Kalanda-
Joshua et al. (2011) when making seasonal climate predictions a number of rural 
communities rely upon indigenous knowledge. Farmers in Nessa Village, Malawi for 
example, interpret the behaviour of animals, birds and insects as indicators of future weather 
(Kalanda-Joshua et al., 2011). Sightings of the bird nanzeze (Glareola nordmanni) announce 
the arrival of rain in less than a week, while the distinct sound of croaking frogs suggest rains 
are imminent (Kalanda-Joshua et al., 2011). A further study by Roncoli et al. (2002) 
documents the use of plant phenology and the movements of the moon to predict seasonal 
rainfall in Burkina Faso. Of 23 farmers surveyed, the majority were able to forecast a “good” 
rainy season for 1998 using environmental observations and predictions from ritual 
specialists (Roncoli et al., 2002). However, Roncoli et al. (2002) found in light of increasing 
climatic variability, farmers are beginning to favour forecasts underpinned by science as 
predictions based on indigenous or local knowledge are perceived to be less reliable.  
 
Skilful forecasts of seasonal rainfall can be provided when the physical processes and 
dynamic interactions which give rise to the climate are simulated using statistical models and 
general circulation models (GCMs) (Hansen et al., 2011). Regional climate outlook forums 
(RCOF) and national meteorological services (NMS) have long provided forecast information 
for agriculture (Hansen et al., 2011). A survey of farmers from four villages in Zimbabwe 
(n=500) throughout the 2002/03 and 2003/04 growing season, found 75 percent had 
received seasonal forecast information (Patt et al., 2005). Of these farmers, 57 percent 
responded with changes to management, chiefly the time of planting and cultivar selection 
(Patt et al., 2005). Furthermore, a 19 percent yield benefit was registered in 2003/04 by 
farmers who reported changing agricultural practice as a result of forecast information, 
relative to those farmers who did not (Patt et al., 2005).  

Table 13 - Changing perceptions of farmers before and after under community based army worm 

forecasting management in a survey of five villages in the Moshi district, Tanzania; adapted from 

Mushobozi et al. (2005). 

Characteristic  Prior to CBAF 
(%) 

After CBAF 
(%) 

Change (%) 

Knowledge of army worm forecasting  48 80 + 32 
Access to forecast information  28 64 + 36  
Farmers monitoring fields  48 92 + 44 
Farmers implementing control measures  28 77 + 49 
Control at stages (instars) I & II 20 61 + 41 

 
Forecasts of potential pest or disease outbreak and market fluctuations have also acted to 
improve farmer insight and understanding of such stochastic events. Historically, forecasting 
comprises a centralised process, involving a hierarchy of actors from central government 
and regional organisations to district agricultural officers, local extension workers and 
farmers (Holt, 2006). When predicting outbreaks of army worm (larvae of the moth 
Spodoptera exempta) in Tanzania for example, Day et al. (1996) reported a technically 
complex process integrating moth catch and meteorological information on a country-wide  
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basis and relating the present predicament to historical records. A study of four high-risk 
army worm districts by Njuki J and Mushobozi W (2003) revealed less than 25 per cent of all 
farmers interviewed could recall ever having received a forecast under the centralised 
regime. Whereas, recent community based approaches to predicting army worm outbreak 
were shown to provide greater access to forecast information and lead to the implementation 
of further control methods by farmers (Holt, 2006). Table 13 outlines the changing 
perceptions of farmers under community based army worm forecasting (CBAF) when 
compared to traditional centralised approaches,  in a study of five villages in the Moshi 
district, Tanzania (Mushobozi et al., 2005).  
 
Recently, innovative methods of disseminating forecast information have bought significant 
changes to foresight and public understanding.  Gakuru et al. (2009) provide an extensive 
inventory of information and communication technology (ICT) employed to provide farmer 
advisory services in Africa; these are classified into four distinct ICT services:   

 voice information delivery services 

 radio broadcasts 

 extension services based on mobile phone and database monitoring 

 e-learning and video based approaches   

For each category, Table 14 provides examples of ICT projects which have been piloted 
within Africa and beyond and their associated impacts upon foresight and public 
understanding.   
 
The impact of such ICT based projects upon the ability of farmers to foresee, understand 
and adapt to stochastic events is poorly documented (Gakuru et al., 2009). Of the few 
studies which have attempted to evaluate the use of ICT, Jensen (2007) found use of mobile 
phones to access markets was highly beneficial for fishermen in Kerala; on average, boats 
with phones increased profits by Rs 184 per day. Over the course of the study phone access 
also led to reduced price volatility and increased average price, at the same time as 
eliminating waste (Jensen, 2007).  

 
Finally, changes to foresight and public understanding of stochastic events are also being 
furthered through promotion of equity. A number of studies document the influence of 
gender, wealth and ethnicity upon access to forecast information (Archer, 2003, Roncoli et 
al., 2009, Vogel, 2000). In Burkino Faso for instance, Roncoli et al. (2009) discovered that 
both women and marginalised ethnic groups had difficulty attending and contributing to 
participatory forecast communication workshops.  Whilst, Archer (2003) found an individual’s 
gender and position within the household influenced information access in Limpopo 
province, South Africa.  

 
However, there are an increasing number of projects attempting to address this balance. In 
Uganda for example, the main beneficiaries of the project, Enhancing Access to Agricultural 
Information using Information and Communication Technologies in Apac District (EAAI) are 
women farmers groups (Gakuru et al., 2009). Here the use of a variety of ICTs, including 
mobile phones, radio cassettes and community radio support easy access to agricultural 
information for rural women (Gakuru et al., 2009).  
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In summary, changes in foresight and public understanding are likely to be positive over 
time. An individuals’ ability to foresee, understand and adapt to stochastic events may be 
encouraged by:  

 Increased reliance upon centralised forecasting approaches  

 Involvement in community based forecasting schemes  

 Targeted access to information through innovative ICT services  

 
 
 
 

Table 14 - Examples of ICT projects providing farmer advisory services and suggested impact upon 

foresight and public understanding; taken from 1Gakuru et al. (2009) and 2Bello-Bravo et al. (2011). 

Type of ICT Service Example Projects 

Voice information delivery 
systems 

 National Farmers Information Service (NAFIS): launched by the 
Kenyan government in 2008. Through the use of web and 
telephony1.  

 T2M (Time to Market) : developed by Manobi in Senegal to provide 
the price and arrival status of products at the markets and the 
availability corresponding products in the production sites. 
Producers, exporters and the public regulatory agency access 
information through a mobile telephone, personal digital assistant 
(PDA) or the internet1.  

Radio broadcasts  African Farm Radio Research Initiative (AFRRI) : A project 
launched in 2007 which gathered, implemented and shared best 
practices for using radio-based communication to enhance food 
security throughout Ghana, Malawi, Mali, Tanzania and Uganda1.  

 Rural Radio Resource Packs (RRRPs):  Each year, 5 rural radio 
resource packs are produced by CTA on a range of topics to be re-
packaged and broadcast by local stations in African, Caribbean 
and Pacific countries1.  

Extension services based 
on mobile phone and 
database monitoring 

 Agricultural Marketing and Information System for Malawi (MIS-
Malawi): employs a number of tools to integrate ICTs into the 
provision of market information1.  

 Agricultural Research Extension Network (ARENET): developed 
through a technical cooperation programme (TCP) between the 
Ugandan government and FAO. Provides three basic services: 
agricultural documents systems, question and answer service, 
news and events1.  

E-learning and video based 
approaches 

 Scientific Animations Without Borders (SAWBO): Based at the 
University of Illinois, deliver both agricultural and medical 
knowledge in a variety of languages using mobile phone ready 
animations which can be shared between video- and Bluetooth(R)- 
capable mobile phones2.  
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Action required  
 
The National Expert(s) should indicate what changes to foresight and public understanding 
could be feasible within the region of interest. The desired foresight categories and an 
example output are shown in Table 15, although additional rows may be included. 

Table 15 - Example changes in foresight and understanding. 

Foresight Category  Innovation 
Description  

Anticipated 
Start Date  

Anticipated impacts  

Indigenous/ local  
knowledge  

Elders share 
knowledge of 
seasonal climate 
indicators  

Present  Farmers planting dates shift to 
weather patterns.  

Centralised forecasting 
approaches  

Farmer climate 
workshops 

2015-2020 Farmers planting dates shift to 
weather patterns 

Community based 
forecasting  

village-based pest 
forecasting  

2015-2020  Farmers monitor fields and 
implement control measures 

Targeted ICT services  Texts about the 
local markets  

2020-2030 Farmer income from fishing 
increases and waste decreases.  
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APPENDIX A – LAND COVER CHANGE REPORTING GUIDE 
 

Action required  
 
Firstly, the National Expert(s) should go through the rules shown in Table A1 and decide 
the appropriate direction of the relationships indicated. For example, the ‘biophysical drivers’ 
rule for forests currently is “Deforestation is increasingly (un)likely in areas that show high 
levels of burning”. The Advisory Board should decide if forests are more or less likely to be 
deforested if they are in areas prone to burning. They should indicate this in the table by the 
deletion of the ‘(un)’ if necessary; e.g. “Deforestation is increasingly (un)likely in areas that 
show high levels of burning”. 

Table A5 – Potential land cover conversion rules 

Cause Forest conversion 
rule 

Grassland 
conversion rule 

Cropland conversion 
rule 

Infrastructure 
extension 

   

Transport Deforestation is 
increasingly (un)likely 
the closer a forest is to 
roads and railways 

Conversion to 
grassland is 
increasingly (un)likely 
the closer the area is to 
roads and railways 

Conversion to 
agriculture is 
increasingly (un)likely 
the closer the area is to 
roads and railways 

Markets Deforestation is 
increasingly (un)likely 
the closer a forest is to 
market towns 

Conversion to 
grassland is 
increasingly (un)likely 
the closer the area is to 
market towns 

Conversion to 
agriculture is 
increasingly (un)likely 
the closer the area is to 
market towns 

Settlements 1 Deforestation is 
increasingly (un)likely 
the closer a forest is to 
villages (mainly 
domestic use) 

Conversion to 
grassland is 
increasingly (un)likely 
the closer the area is to 
villages (mainly 
domestic use) 

Conversion to 
agriculture is 
increasingly (un)likely 
the closer the area is to 
villages (mainly 
domestic use) 

Settlements 2 Deforestation is 
increasingly (un)likely 
the closer a forest is to 
towns (domestic and 
industrial use) 

Conversion to 
grassland is 
increasingly (un)likely 
the closer the area is to 
towns (domestic and 
industrial use) 

Conversion to 
agriculture is 
increasingly (un)likely 
the closer the area is to 
towns (domestic and 
industrial use) 

Public Service    

Private company (see markets) (see markets) (see markets) 

Agricultural 
expansion 

   

Permanent cultivation Deforestation is 
increasingly (un)likely 
the closer a forest is to 
existing agriculture  

 Conversion to 
agriculture is 
increasingly (un)likely 
the closer the area is to 
existing agriculture  

Shifting cultivation (see permanent 
cultivation) 

 (see permanent 
cultivation) 
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Cause Forest conversion 
rule 

Grassland 
conversion rule 

Cropland conversion 
rule 

Cattle-ranching Deforestation is 
increasingly (un)likely 
the closer a forest is to 
existing pasture 

Conversion to 
grassland is 
increasingly (un)likely 
the closer the area is to 
existing pasture 

 

Colonisation    

Wood extraction    

Commercial (see markets) (see markets) (see markets) 

Fuelwood (mainly 
domestic) 

(see settlements 1) (see settlements 1) (see settlements 1) 

Polewood (mainly 
domestic) 

(see settlements 1) (see settlements 1) (see settlements 1) 

Charcoal production 
(domestic & industrial) 

(see settlements 1 & 2) (see settlements 1 & 2) (see settlements 1 & 2) 

Demographic factors    

Natural increment    

Migration Deforestation is 
increasingly (un)likely 
in areas that see a lot 
of in migration 

Conversion to 
grassland is 
increasingly (un)likely 
in areas that see a lot 
of in migration 

Conversion to 
agriculture is 
increasingly (un)likely 
in areas that see a lot 
of in migration 

Population Density Deforestation is 
increasingly (un)likely 
in areas of higher 
population density 

Conversion to 
grassland is 
increasingly (un)likely 
in areas of higher 
population density 

Conversion to 
agriculture is 
increasingly (un)likely 
in areas of higher 
population density 

Population Distribution    

Life cycle features    

Economic factors    

Market growth (see market) (see market) (see market) 

Economic structures (see market) (see market) (see market) 

Urbanisation (see settlement 2) (see settlement 2) (see settlement 2) 

Special variables    

Technological factors    

Agro-technical change    

Applications in wood 
sector 

   

Agriculture production 
factors 

   

Policy & Institution 
factors 

   

Formal policies 1 Deforestation is 
increasingly (un)likely 
in areas ear-marked for 
agricultural 
development projects, 
industry projects, etc. 
 

Conversion to 
grassland is 
increasingly (un)likely 
in areas ear-marked for 
grazing development 
projects 
 

Conversion to 
agriculture is 
increasingly (un)likely 
in areas ear-marked for 
agricultural 
development projects. 
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Cause Forest conversion 
rule 

Grassland 
conversion rule 

Cropland conversion 
rule 

Formal policies 2 Deforestation is 
increasingly (un)likely if 
the forest is 
unprotected 

Conversion to 
grassland is 
increasingly (un)likely if 
the forest is 
unprotected 

Conversion to 
agriculture is 
increasingly (un)likely if 
the forest is 
unprotected 

Policy climate    

Property rights Deforestation is 
increasingly (un)likely 
in areas of open 
access 

Conversion to 
grassland is 
increasingly (un)likely 
in areas of open 
access) 

Conversion to 
agriculture is 
increasingly (un)likely 
in areas of open 
access 

Cultural factors    

Public attitudes Some tribes may 
traditionally be 
associated with forest 
protection and thus 
deforestation is less 
(un)likely in these 
areas 

Some tribes may 
traditionally be 
associated with rearing 
cattle and thus 
conversion to 
grassland is more 
(un)likely in these 
areas 

Some tribes may 
traditionally be 
associated with 
agriculture and thus 
conversion to 
agriculture is more 
(un)likely in these 
areas 

Individual behaviour    

Other factors    

Pre-disposing 
environmental factors 

Deforestation is 
increasingly (un)likely 
in areas that are highly 
suitable for agriculture 
(e.g. fertile soil, 
adequate precipitation 
etc) 

Conversion to 
grassland is less 
(un)likely in areas that 
are highly suitable for 
agriculture (e.g. fertile 
soil, adequate 
precipitation etc) 

Conversion to 
agriculture is 
increasingly (un)likely 
in areas that are highly 
suitable for agriculture 
(e.g. fertile soil, 
adequate precipitation 
etc) 

Biophysical drivers 1 Deforestation is 
increasingly (un)likely 
in areas that show high 
levels of burning 

Conversion to 
grassland is 
increasingly (un)likely 
in areas that show high 
levels of burning 

Conversion to 
agriculture is less 
(un)likely in areas that 
show high levels of 
burning 

Biophysical drivers 2 Deforestation is 
increasingly (un)likely 
in areas that are near 
to rivers 

Conversion to 
grassland is 
increasingly (un)likely 
in areas that are near 
to rivers 

Conversion to 
agriculture is less 
(un)likely in areas that 
are near to rivers 

Social trigger events (see migration) (see migration) (see migration) 

 
Secondly, it is necessary to decide which rules are most important in the region of interest 
(e.g. Malawi/Colombia/Peru), as well as identifying those rules that do not apply.  Conduct 
three ranking exercises, using Table A2 as follows: 1) the National Expert(s) should 
indicate which rules are not appropriate in the region of interest by crossing these rules out 
(e.g. cattle ranching in our given example); 2) the National Expert(s) should indicate which 
rule is more important than other corresponding rules with a tick. In our example, the 
‘transport’ rule (defined in Table A1) is deemed more important in determining forest 
conversion than the ‘market’ rule; 3) the number of ticks in each row should be recorded at 
the end. Thus, the total column reveals the most influential factors (e.g. permanent  
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cultivation is the most important influence on land cover conversion in our example). This 
exercise should be repeated three times, once for each of forest rules, grassland rules and 
cropland rules respectively. 

Table A6 – The rank of the land cover conversion rules defined in Table A1. 
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Markets                    

Settlements 1                    

Settlements 2                    

Permanent cultivation                    

Shifting cultivation                    

Cattle-ranching                    

Migration                    

Population Density                    

Formal policies 1                    

Formal policies 2                    

Policy climate                    

Property rights                    

Public attitudes                    

Pre-disposing 
environmental factors                 

 
 

 

Biophysical drivers 1                    

Biophysical drivers 2                    

Social trigger events                    

 
Thirdly, whilst most of the rules can be created from freely available GIS data, the data is not 
likely to be available for ‘migration’, ‘formal policies 1’, and ‘public attitude’. Thus for these 
categories the areas of conversion probability must be indicated on a GoogleEarth image 
using transparencies (Figure 10). We suggest ‘high likelihood of conversion’, ‘medium 
likelihood of conversion’, ‘low likelihood of conversion’, and ‘no likelihood of conversion’ are 
used as categories on the transparencies. Furthermore, we would like the Advisory Board to 
use their expert knowledge to suggest feasible rates of change of each of the land cover  
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groups when given the percentages of present day land cover. It may be helpful to think of 
two extreme scenarios and give values for both. An example output is shown in Table A3. 

 

Table A7 - Rates of land cover change. 

Land cover % cover in 
2010 

% cover in 
2020 

% cover in 
2030 

% cover in 
2040 

% cover in 
2050 

Scenario  A B A B A B A B 

Forest  
 
 

        

Grassland  
 
 

        

Cropland  
 
 

        

[Insert other 
land covers] 
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APPENDIX B – LAND COVER CHANGE REPORTING GUIDE 
 

Action required  
 
The National Expert(s) should indicate what yield increase (t ha-1) could be feasible within 
the region of interest. We would like the National Expert(s) to use their expert knowledge to 
suggest feasible yield increase for different crop types. It may be helpful to think of two 
extreme scenarios and give values for both. This should be reported in Table A4. 
 

Table A4 – Anticipated increases in agricultural yield.  

Crop Yield in 2010 
(t ha-1) 

Yield in 2020 
(t ha-1) 

Yield in 2030 
(t ha-1) 

Yield in 2040 
(t ha-1) 

Yield in 2050 
(t ha-1) 

Scenario  A B A B A B A B 

Cassava  
 
 

        

Chickpea  
 
 

        

Cotton  
 
 

        

Cowpea 
 
 

         

Groundnut  
 
 

        

Maize  
 
 

        

Millet  
 
 

        

Mungbean  
 
 

        

Pigeonpea  
 
 

        

Rice  
 
 

        

Sorghum 
 
 

         

Soybean 
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Crop Yield in 2010 
(t ha-1) 

Yield in 2020 
(t ha-1) 

Yield in 2030 
(t ha-1) 

Yield in 2040 
(t ha-1) 

Yield in 2050 
(t ha-1) 

Scenario  A B A B A B A B 

Sugarcane 
 
 

         

Sweet potato 
 
 

         

Tobacco 
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APPENDIX C – LIVESTOCK EFFICIENCY CHANGE REPORTING 
GUIDE 
 

Action required  
 
The National Expert(s) should indicate what livestock densities are expected between 
present day and 2050 in the region of interest. It may be helpful to think of two extreme 
scenarios and give values for both. This can be done using Table A5, adding additional rows 
if necessary (e.g. for fish ponds). If substantial variation within the region is expected, then 
this must be indicated on a GoogleEarth image using transparencies.  

Table A5 - Anticipated changes in livestock densities.  

Livestock Density in 
2010 (km2) 

Density in 
2020 (km2) 

Density in 
2030 (km2) 

Density in 
2040 (km2) 

Density in 
2050 (km2) 

Scenario  A B A B A B A B 

Cattle  
 
 

        

Buffalo  
 
 

        

Goat  
 
 

        

Sheep  
 
 

        

Pig  
 
 

        

Poultry  
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APPENDIX D – POPULATION PROJECTION REPORTING GUIDE 
 

Action required  
 
The National Expert(s) should identify the most appropriate population projections for the 
region of interest up to 2050. These projections should include changes in birth rates, 
mortality, migration and urbanisation. Ideally, at least two scenarios should be identified, 
indicating the maximum and minimum expected future population. 
 
Please provide details of the population projections recommended by the Advisory Board 
below, including the how the projections can be obtained: 
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APPENDIX E – CLIMATE CHANGE REPORTING GUIDE 
 

Action required  
 
The National Expert(s) should ascertain the most appropriate down-scaled climate 
projections for the region of interest up to 2050.  Ideally, at least two scenarios should be 
indicated and these should reflect extremes in the likely expected conditions. 
 
Please provide details of the climate scenarios recommended by the Advisory Board below, 
including the how the scenarios can be obtained: 
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APPENDIX F – DISTRIBUTION/INFRASTRUCTURE EFFICIENCY 
CHANGE REPORTING GUIDE 
 

Action required  
 
The National Expert(s) should identify areas of region of interest which will likely show 
significant changes in transportation and energy distribution infrastructure by 2050. For 
example, if a new railway is planned to be built, or if changes to the road network (including 
upgrades from dirt roads to tarmac) are likely in the future, including those due to new 
mining developments, these should be indicated on a map. The areas of likely change must 
be indicated on a GoogleEarth image using transparencies, labelled with expected date of 
completion. We suggest ‘high likelihood of occurrence’, ‘medium likelihood of occurrence’, 
and ‘low likelihood of occurrence’ are used as categories on the transparencies. 
Please deliver this information using maps and transparencies.  
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APPENDIX G – NATURAL RESOURCE HARVESTING & 
UTILISATION EFFICIENCY CHANGE REPORTING GUIDE 
 

Timber and Poles 

 
Action required  
 
The National Expert(s) should indicate what plantation MAI could be feasible and what 
percentages of forested land in the future will be composed of plantation forestry within the 
region of interest. It may be helpful to think of two extreme scenarios and give values for 
both. Please provide this output in Table A6. 

Table A6 – Anticipated increases in timber and pole availability.  

 2010 2020 2030 2040 2050 

Scenario  A B A B A B A B 

Plantation MAI 
(m3 ha-1 yr-1) 

 
 
 
 

        

Percentage of 
forests that are 
plantations (%)  

 
 
 
 

        

 
Thatch 
 

Action required  
 
The National Expert(s) should indicate what percentage of households would have 
thatched roofs within the region of interest. It may be helpful to think of two extreme 
scenarios and give values for both. Please provide this output in Table A7. 

Table A7 – Anticipated changes in proportion of rural and urban households with thatched dwellings. 

Households 
with thatch 
roofs 

Percentage in 
2010 (%) 

Percentage in 
2020 (%) 

Percentage in 
2030 (%) 

Percentage in 
2040 (%) 

Percentage in 
2050 (%) 

Scenario  A B A B A B A B 

Rural  
 
 
 

        

Urban   
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Firewood 

 
Action required  
 
The National Expert(s) should indicate what charcoal production efficiencies (%) could be 
feasible and what percentages of households will be reliant on charcoal within the region of 
interest. It may be helpful to think of two extreme scenarios and give values for both. Please 
provide this output in Table A8. 

Table A8 – Anticipated changes in firewood reliance.  

 Percentage in 
2010 (%) 

Percentage in 
2020 (%) 

Percentage in 
2030 (%) 

Percentage in 
2040 (%) 

Percentage in 
2050 (%) 

Scenario  A B A B A B A B 

Stove 
efficiency 

 
 
 
 
 

        

Percentage of 
households 
reliant on 
firewood as 
their primary 
fuel  

         

 

 
Charcoal 
 
Action required  
 
The National Expert(s) should indicate what charcoal production efficiencies (%) could be 
feasible and what percentages of households will be reliant on charcoal within the region of 
interest. It may be helpful to think of two extreme scenarios and give values for both. Please 
provide this output in Table A9. 

Table A9 – Anticipated changes in charcoal needs.  

 Percentage 
in 2010 (%) 

Percentage in 
2020 (%) 

Percentage in 
2030 (%) 

Percentage in 
2040 (%) 

Percentage in 
2050 (%) 

Scenario  A B A B A B A B 

Charcoal 
production 
efficiency 

 
 
 
 
 

        

Percentage of 
households 
reliant on 
charcoal as 
their primary 
fuel  
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APPENDIX H – CHANGE IN FORESIGHT AND PUBLIC 
UNDERSTANDING REPORTING GUIDE 
 

Action required  
 
The National Expert(s) should indicate what changes to foresight and public understanding 
could be feasible within the region of interest. Please provide this output in Table A10. 

Table A10 – Anticipated changes in foresight and understanding. 

Foresight 
Category  

Innovation Description  Anticipated Start Date  Anticipated impacts  

Scenario 
A 

Scenario 
B 
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Foresight 
Category  

Innovation 
Description  

Anticipated Start 
Date  

Anticipated impacts 

Scenario 
A 

Scenario 
B 
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