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Decision Analysis for Turkana: a case study on upgrading the 
Eliye Springs road 
Decision analysis is most effective, when it focuses on an actual decision that is currently under 
consideration. The first objective of the decision analysis in this project was therefore the 
identification of a pending decision that was current and included a resilience dimension. Since 
effective decision analysis requires inclusion of decision-makers and stakeholder, it was also 
imperative to identify someone close to the decision-making process to support the process. These 
considerations directed the focus of this pilot analysis towards a pending decision on the technology to 
be used in upgrading the road to Eliye Springs on the shore of Lake Turkana. 

Background of the decision 
A scoping mission to Turkana County carried out in March 2015 and subsequent email discussions led 
to the identification of a case study under the Ministry of Roads, Transport, Housing and Public Works 
that would serve as a pilot for decision analysis. The participatory decision modeling case for Turkana 
County focuses on assessing the economic investment of using alternative technology to upgrade the 
turn-off from the Lodwar-Kalokol (D348) road to Eliye Springs labeled as road E1354 (Figure 2). The 
55 km road E1354 (Figure 3) had been selected and funds allocated after a procedural prioritization 
process which is an integral part of the county planning process (Turkana County Chief Officer for 
Roads, Emmanuel Ekai).  

!  
Figure 2. Road E1354 to Eliye Springs, seen from the D348 turnoff. 

The tourism and hospitality industry has great potential on the shores of Lake Turkana, and Eliye 
Springs Resort provides a good example. For this reason, the Turkana County Government under a 
public-private partnership is planning to establish a resort city to tap into the unexploited opportunities 
at the lakeside for providing accommodation and other hospitality services. Upgrading this road could 
help fast-track the achievement of this objective because it is one of two major routes to get to the 
western shore of Lake Turkana from Lodwar town. It serves local and foreign tourists from Lodwar, as 
well as the local people living around the springs. Presently, there are few tourists visiting Eliye 
Springs Resort, but improvements in infrastructure could raise tourist numbers significantly even 
before the resort city is established. The Turkana County government promised to improve the road 
network during the 2014-2015 financial year to open access to tourist attraction sites and boost the 
county’s economy. Besides tourists, local residents would likely benefit from road improvement, for 
example through better access to markets for fish or livestock products. Residents would also gain 
better access to services, such as health care and education. 
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The alternative technologies presented for analysis included two surfacing options: 

• Bitumen Standard Roads/ Climate Proof surfacing 
• TriAx Grid stabilization 

  
These alternatives were assessed against a baseline of standard grading and gravelling (the technology 
that has been used so far). 

!  
Figure 3. Map of the road from Lodwar to Eliye Springs. Improvement is envisaged for the section between the turnoff from 

road D348 and Eliye Springs. The inset map shows the location of the area within Kenya. 

Objective 
The decision-modelling workshop aimed to evaluate the business case for using alternative technology 
for the road upgrade, under full consideration of risks and uncertainties, and taking account of all 
major associated costs and benefits. The decision analysis approach for this case was based on the 
principles of Applied Information Economics (AIE), a business decision support methodology 
developed by Hubbard Decision Research, a consulting firm based in the United States. It 
comprehensively considers all the potential costs and benefits of the proposed road improvement and 
their distributions among the different stakeholder groups that would be affected, in order to evaluate 
the overall impact of the project. This assessment also includes all the risks and uncertain variables 
associated with the investments in order to realistically forecast all the possible project outcomes. The 
decision modeling outcomes will provide guidance to the county on the value of the proposed project 
and expose risks that should be mitigated in order to increase the chance of success. The model can 
also be instrumental in monitoring and evaluation of the road improvement project if these new 
technologies are to be implemented.  

Methodology 
A three-day stakeholder workshop held in Lodwar, Turkana County from 11th to 13th August 2015 
(Figure 4) gathered a group of 10 participants together with the decision analysis team from ICRAF. 
On the first day, ICRAF’s decision analyst presented the concept of decision analysis, clarified the 
decision question and elicited opinions on it from the participants. For the following two days, 
participants jointly developed the business model for the road improvement, as well as being subjected 
to calibration training. This training aimed to enable them to correctly assess their own uncertainty 
about unknown variables in quantitative terms (e.g. when they said they were 90% sure of something, 
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they should be right 90% of the time). Participants learnt how to assess and quantify their own 
uncertainty in order to provide calibrated estimates for the probability distributions of all the uncertain 
variables in the model.   

!  

Figure 4. Participants of the model building workshop. 

The model was built in a brainstorming session by delineating the potential positive (benefits) and 
negative impacts (costs) of the decision. Participants also gathered the potential risks associated with 
the decision, risks that might affect particular project benefits and mitigating factors which would 
prevent or reduce the negative effects. All these important factors were listed for each of the 5 
identified stakeholder groups: 

1. Residents of Turkana 
2. Tourism-related businesses 
3. Local business community 
4. Pastoralists 
5. Fisherfolk  

After eliciting calibrated expert estimates for all input variables of the model and consolidating them 
into group estimates, the decision analyst coded the model, ran it as a Monte Carlo simulation (many 
model runs with varying input values) and presented the preliminary results at the demonstration 
workshop. 

Revision 
Following the demonstration workshop, the model was revised significantly in order to incorporate 
feedback and more explicitly account for the government’s objectives to use alternative technologies, 
some of which had not been captured in the earlier brainstorming sessions. For example, a major 
motivation for trying out new technology is that experience from such a trial can inform later decisions 
on other roads. For this reason, consultations during the revision phase, which were done by email and 
teleconference, started with clarification of the government’s objectives in exploring new technologies. 
The model was then built around these objectives. 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The Eliye road decision model 

This model simulates the impacts of choosing alternative technology for upgrading a road in Turkana 
County. This road connects Road D348 (leading to Kalokol) to Eliye Springs on the shore of Lake 
Turkana. It is officially designated as E1354. 
The alternative technologies are: 

• Bitumen Standard Roads (Climate Proof surfacing) 
• TriAx Grid stabilisation technology 

If none of these alternatives is chosen, the road will be maintained using a conventional graveling and 
grading approach. In consequence, this standard technology is used as the baseline the alternative 
technologies are compared to. 

The process for making the present model started with clarification of the objectives for choosing 
alternative technology, which were identified as: 

• Strengthen existing economic activities (pastoralists, basket weavers, fishermen, others) 
• Stimulate tourism and facilitate resort city 
• Improve access to services for local residents 
• Enhance resilience to shocks for local residents 
• Improve road safety 
• Improve security 
• Try out technology for later use elsewhere in the county 
• Tax revenue 

The degree to which the choice of different road technologies is likely to fulfill these objectives was 
explicitly modeled for most objectives. Enhanced resilience was not modeled as a separate outcome, 
since resilience is an emergent property of the system rather than an outcome in itself. While many 
studies have defined resilience indicators as proxies of the capacity of a system to perform 
satisfactorily in the long run, decision analysis explicitly simulates this long-term performance, so that 
no proxy is required. In the end, what matters to stakeholders is this long-term performance, while 
resilience in itself is a difficult-to-define characteristic of the system that ensures that system 
performance does not collapse under stress. 

Resilience was considered in the model by simulating economic outcomes for local businesses and 
tourism in the face of shocks (drought and conflict). Improved road safety was not explicitly modeled, 
but can be captured under health outcomes. Improved security was also not explicitly modeled, but 
this concept is considered in several other variables, such as the risk of conflict, or the general range of 
economic returns. Road safety and security could be modeled explicitly, but this would require 
removing safety or security considerations from other parts of the model to avoid double-counting of 
such effects of the road upgrade. 

The first part of the model simulates the quality dynamics of the road over time, as well as its cost 
(Figure 5). It is assumed that road quality, and with it the ability of the road to deliver the services it 
aims to provide, degrades over time, in spite of routine annual maintenance. This process continues 
until a threshold is reached, below which it becomes necessary to make major improvements to the 
road. After this is done, road quality goes back up to 100%, followed again by gradual degradation. 
Costs consist of initial investment costs, annual maintenance costs, and the periodic costs of major 
road improvement. 
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!  

Figure 5. Schematic illustration of the road quality and cost dynamics in the model. 

The remainder of the model structure is shown as flow diagrams using the symbol scheme shown in 
Figure 6.  

!  

Figure 6. Legend used in the model diagram figures. 

In order to capture resilience in the model, shocks are considered in the simulations. This is 
implemented by defining time series of future shocks based on the probability that they occur in a 
given year, as well as on estimates of shock severity, expressed by the percentage of various economic 
returns they subtract. Roads can have a buffering effect, meaning that shock impacts are less severe in 
the presence of better roads. Likewise, roads enhance the effectiveness of relief (Figure 7).  
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!  

Figure 7. Implementation of shocks in the model. 

Road improvement affects the economic returns for local businesses. For this stakeholder category, 
pastoralists, weavers, fishermen and ‘others’ are considered. Profits for this group are assumed to grow 
at a baseline rate, which can be increased by having a better road. Opposing this steady trend of 
growth are the shocks inflicted by droughts and conflict, which reduce profits (Figure 8). Profits are 
calculated for an average household of each group, and the results are then multiplied by the number 
of households in each category. 

!  

Figure 8. Profits for local businesses. 

The local population of the target area is also expected to benefit from better access to services. For 
access to health services, the model considers this by simulating both benefits from cost savings and 
benefits from better health care. The latter is captured by modeling effects of road technology on the 
number of sick days, multiplied by the value of a day’s work, and by an additional variable describing 
general health benefits, which go beyond the productivity effect (e.g. the value of well-being or longer 
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two factors corresponding to the tax rate for the respective profit category, as well as the share of 
profits that is actually taxed in a way that revenue reaches the government’s coffers (Figure 12). 

!  

Figure 12. Tax revenue. 

Finally, all benefits and costs are added up in different ways to capture the perspectives of different 
stakeholders (Figure 13). The ‘government finance’ perspective considers road costs and tax revenue. 
The ‘local economy’ perspective only accounts for the impacts of the road technology choice on the 
local economy. The ‘local residents’ perspective considers this also, but includes benefits arising from 
better access to services. The ‘tourism’ perspective only accounts for the impacts on tourism. Finally, 
the ‘government’ perspective integrates all of the above impacts, as well as the benefits arising from 
trying out new technology, and other impacts of the road technology choice that are not further 
specified. This category can be used to enter factors that are otherwise missing, such as environmental 
or social impacts. These are not explicitly considered, since they may not depend on the choice of road 
technology. 

!  

Figure 13. Overall evaluation. 

For each of these perspectives, net benefits are discounted using a perspective-specific discount rate, 
based on outcomes over a user-specified number of years. Separate distributions of plausible decision 
outcomes and lists of variables with high information value are prepared for each perspective. 
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Model results 
Overall, given the current state of uncertainty, both alternative road technologies appear more likely to 
generate net gains (positive Net Present Values; NPV) than losses (negative NPV), according to the 
perspectives of most stakeholders (Figure 14). However, losses are among the plausible outcomes for 
all stakeholders, and even though the chance of losses is relatively small compared to the chance of net 
gains, it is worth taking a closer look at the detailed distributions of simulated outcomes for the 
different stakeholder groups. 

!  

Figure 14. Simulated Net Present Value (NPV) according to all perspectives considered, for both road technology alternatives 
(Tarmac and TriAx grids). Note that the illustration does not show the lowest and highest 1% of results. 

For these specific results, two types of illustrations are provided. The distribution of plausible 
outcomes is shown as a histogram, in which the most likely outcomes are shown by longer bars. These 
bars reflect the number of times that certain outcomes were realized, when the decision model was run 
10,000 times, with inputs being drawn at random from the probability distributions provided by 
estimators. The second type of illustration shows the list of important variables in their order of 
importance for explaining variation in simulated outcomes. These are determined by Partial Least 
Squares regression (Wold et al., 2001; Luedeling and Gassner, 2012), which allows calculation of a 
metric called Value Importance in the Projection (VIP), which is shown in the figures. Values above 
0.8 are often considered as signifying significance (Wold, 1995). Variables for which VIP values were 
above this threshold are shown in green, if the respective variable is positively correlated to outcomes, 
and in red if this correlation is negative. More details on the methodology are given in Luedeling et al. 
(2015). 

The local economy would almost certainly gain from use of alternative technology (Figure 15 and 
Figure 16). In particular the use of tarmac would substantially facilitate economic transactions, such as 
sale and purchase of livestock, as well as marketing of fish and weaving products. Better access to 
services would also contribute to enhanced livelihoods of those active in the local economy. Over the 
15 years considered in the model runs, net benefits could add up to billions of Kenya shillings. 
Benefits from tarmacking the road would almost certainly be greater than those from using TriAx 
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technology, since tarmac would be much more effective in reducing travel times and other transaction 
costs than TriAx technology.  

!  

Figure 15. Simulated outcomes of choosing Tarmac from the local economy perspective. Note that the illustration does not 
show the lowest and highest 1% of results. 

!  

Figure 16. Simulated outcomes of choosing TriAx grids from the local economy perspective. Note that the illustration does 
not show the lowest and highest 1% of results. 

Several key variables caused most of the variation in benefit projections for the local economy. These 
were similar for both alternative technologies and related primarily to the normal performance of the 
local economy and the impact of road improvement on it (Figure 17 and Figure 18). The number of 
pastoralists affected by the road improvement was also critical, as well as their current profit level. 
Further important variables were the shock buffering effect of the improved technologies, the effect of 
road type on the effectiveness of relief and the effect that drought can have on the local economy.  
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!  
Figure 17. Important variables affecting the impact of choosing tarmac technology on the local economy. 

!  
Figure 18. Important variables affecting the impact of choosing TriAx technology on the local economy. 

!  21



13

   

Outcomes for local residents (Figure 31 and Figure 32), as well as the variables that determined these 
(Figure 33 and Figure 34), were very similar and are therefore only shown in the appendix. 
For the tourism industry, there was only a very small chance of losses for both alternative technology 
choices (Figure 19 and Figure 20). Better infrastructure would almost certainly lead to greater tourist 
numbers and thus greater returns for the industry. Tourism outcomes were largely related to the profit 
per tourist, the number of tourists, and the effect of better roads on tourism growth (Figure 21 and 
Figure 22). Effects of the technology choice on resort city construction was also important. 

!  
Figure 19. Simulated outcomes of choosing Tarmac for the tourism industry. Note that the illustration does not show the 

lowest and highest 1% of results. 

!  
Figure 20. Simulated outcomes of choosing TriAx grids for the tourism industry. Note that the illustration does not show the 

lowest and highest 1% of results. 
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!  
Figure 21. Important variables affecting the impact of choosing tarmac technology on the tourism industry. 

!  
Figure 22. Important variables affecting the impact of choosing TriAx technology on tourism industry. 
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!  
Figure 21. Important variables affecting the impact of choosing tarmac technology on the tourism industry. 

!  
Figure 22. Important variables affecting the impact of choosing TriAx technology on tourism industry. 
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The high chances of gains for local industry and residents, as well as the tourism industry, contributed 
to high expected return for the Turkana government (Figure 23 and Figure 24), even though high road 
construction costs may still offset these gains, leading to a non-negligible chance of net losses. 

!  
Figure 23. Simulated outcomes of choosing Tarmac for the Turkana government. Note that the illustration does not show the 

lowest and highest 1% of results. 

!  
Figure 24. Simulated outcomes of choosing TriAx technology for the Turkana government. Note that the illustration does not 

show the lowest and highest 1% of results. 

Nevertheless, the cost of road construction was not among the important variables, when looking at the 
investment from the ‘bird’s eye’ perspective that the government of Turkana might choose to take. Key 
uncertainties were related to the additional economic growth rate that alternative technology might 
spur in the local economy (both the current and the technology-affected growth rates were major 
uncertainties), the number of pastoralist and fishing households that would be affected and the 
contribution of the technologies to mitigating against and alleviating effects of drought (Figure 25 and 
Figure 26). 
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!  
Figure 25. Important variables affecting the impact of choosing tarmac technology from the Turkana government’s 

perspective. 

!  
Figure 26. Important variables affecting the impact of choosing TriAx technology from the Turkana government’s perspective. 

Only when assuming the perspective of the government treasurer did major chances of loss become 
apparent (Figure 27 and Figure 28). For both tarmac and TriAx grids, the chance of increased revenue 
through taxes completely making up for the additional investment needs was only 32% for tarmac and 
44% for TriAx grids. Even for this government financial perspective, however, the cost of road 
construction was not the most important variable. Most uncertainty about financial outcomes for the 
government resulted in the rate of economic growth that the alternative road technology would bring 
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about (Figure 29 and Figure 30). For the TriAx grids, the initial investment was the second largest 
uncertainty, while for tarmac, this knowledge gap ranked 5th on the list of measurement priorities, 
behind the number of pastoralists that would be affected, their profits and the share of these profits that 
is taxed. The same variables were also among the priority uncertainties for TriAx technology. 

!  
Figure 27. Simulated outcomes of choosing Tarmac for the Turkana government, when only taking financial actions into 

account. Note that the illustration does not show the lowest and highest 1% of results. 

!  
Figure 28. Simulated outcomes of choosing TriAx technology for the Turkana government, when only taking financial actions 

into account. Note that the illustration does not show the lowest and highest 1% of results. 
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!  
Figure 29. Important variables affecting the impact of choosing tarmac technology from the Turkana government’s 

perspective, but only taking direct financial aspects into account. 

!  
Figure 30. Important variables affecting the impact of choosing TriAx technology from the Turkana government’s perspective, 

but only taking direct financial aspects into account. 

Feedback on the decision analysis process 
The workshop, during which results of the initial model were presented, included the opportunity for 
government representatives to provide feedback on the modeling process. Most of the participants 
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!  
Figure 29. Important variables affecting the impact of choosing tarmac technology from the Turkana government’s 

perspective, but only taking direct financial aspects into account. 

!  
Figure 30. Important variables affecting the impact of choosing TriAx technology from the Turkana government’s perspective, 

but only taking direct financial aspects into account. 

Feedback on the decision analysis process 
The workshop, during which results of the initial model were presented, included the opportunity for 
government representatives to provide feedback on the modeling process. Most of the participants 
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appreciated the tool’s usefulness in making informed decisions among several alternative investments 
and programs in the county. However, some participants felt that the approach is too complex to learn 
and apply, is a long, tedious and very involving exercise. Others thought that the approach didn’t seem 
to be a bottom-up process with full representation of all stakeholder groups. 
In response to these comments, it is worth stating here that while the decision analysis process does 
contain some technical challenges, very few people in the Turkana government would actually have to 
know how to run the entire process. Most others would come in as technical experts, and high-level 
decision-makers would probably be represented by technical staff and later be briefed on outcomes 
only. Their time commitment would likely be small. It should also be noted that alternative approaches 
that allow comprehensive evaluation of decision options may be much more time consuming, 
especially if detailed data-driven research is envisaged. While implementing decision analysis is an 
investment, which comes at a certain cost, it has been shown on many occasions that this investment 
can produce very good returns. 
The decision analysis implemented in this pilot phase was not designed as a bottom-up process, and 
resource constraints did not allow for much stakeholder consultation. The purpose was to demonstrate 
the potential of the approach to provide scientific support for prioritizing among decision alternatives. 
However, it is possible to include more bottom-up elements into the process. Key informant interviews 
and focus group discussions are valuable sources of information for model building, and wider 
stakeholder consultation at the beginning of the model building phase can bring out the perspectives of 
various stakeholders. Decision analysis, at least in its pure form, is not very suitable for identifying 
desirable interventions; it is used for testing intervention options that have been identified through 
other processes. It is also not a good tool for gaining widespread acceptance of a proposed intervention 
among target populations. These objectives, which are extremely valid and absolutely require bottom-
up processes, are better achieved with other instruments of the political process. 

Conclusions 
Simulation results clearly indicated that using alternative technologies to upgrade the road to Eliye 
would accelerate development in the region, which would benefit virtually all actors in the local 
economy, as well as the emerging tourist industry. Both technologies, but especially tarmac, would 
likely decrease vulnerability of the local population to shocks, through the direct effect of better 
infrastructure on economic growth and through increased effectiveness of relief delivery. A critical 
stakeholder in decision-making on road technology is of course the government. For the Turkana 
government, whether the choice of alternative technology appears favorable depends primarily on 
what aspects they consider in their assessment. When looking at the expected benefits for all 
stakeholders involved, the chance of net gains for the county is high, and both technology choices 
appear favorable compared to standard procedures. If, however, a purely financial perspective is 
adopted, which simply compares the monetary costs of the roads with the expected returns through 
greater tax income, the situation is less clear, and a substantial chance of net losses emerges. In a cash-
strapped county, with many pressing investment needs, this is of course a legitimate concern, since 
money invested in this road would be unavailable for use elsewhere. In particular, the cost of 
tarmacking are quite high and would require allocation of a large proportion of the county budget to 
this endeavor. If the entire funding has to be secured from government coffers, tarmacking appears 
unlikely to gain support in the county parliament, because it would mean that other expenses must be 
cut. If external funding for the road can be secured or a private-public partnership established, 
prospects would improve. 
It was interesting to observe improvements between the first and second iteration of the model. The 
first version, which is not shown here, did not include the impacts of trying out new technology on the 
chance of making bad road technology decisions in the future. In consequence, it painted a much more 
pessimistic picture of the outcomes when considered from the government finance perspective. 
There is no doubt that this decision model does not capture all details of the system under study and all 
motivations for considering the use of alternative technology. It is also clear that more precise data 
could probably be obtained, so that model runs could be refined. However, for most stakeholders this 
does not seem necessary. For most of the local economy, local residents and tourists, the chance of 
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experiencing net losses because of the road is small, and it seems unlikely that further measurements 
would change this impression. This guidance may offer better support to the decision-making process 
than other research approaches which may be geared at producing detailed knowledge on small system 
aspects, while leaving the bulk of uncertain variables out of consideration. 
The decision modeling process is not perfect. It is impossible to completely correct for all biases, there 
is no guarantee that a model emerging from participatory processes is a useful representation of reality, 
and it may in practice be difficult for many local experts to achieve a sufficient state of ‘calibration’ to 
produce probability distributions for uncertain variables that are completely reliable. Some of these 
constraints can probably be overcome by refining the procedures, but some imperfections will remain. 
In spite of this, the approach is valuable for supporting decisions, because completely perfect 
representations of reality in the form of models are simply not available. The use of decision analysis 
methods should therefore not be compared to such a hypothetical tool but to alternatives that are 
actually available. Many other forms of scientific decision support have shortcomings that are 
arguably more severe than those of the decision analysis approach proposed here. Data-based 
assessments are often expensive, rely on data that is uncertain without fully acknowledging this, fail to 
capture all relevant risks, and more often than not do not address the full complexity of the systems 
decisions aim to influence. 
Decision analysis does not render detailed site-specific assessments unnecessary in most cases. It 
should rather be seen as a complement, and as a strategy for guiding research efforts in the right 
direction. It is rarely possible to completely close all knowledge gaps, but there are often a few critical 
variables, more knowledge on which could make a big difference in the decision process. Decision 
analysis, and in particular the value of information concept can guide decision-specific research to 
where it is most effective. 
Finally, it is worth mentioning that the methodology proposed here is not a decision-making tool. 
Development decisions are made by people, not by tools, and decision-makers must consider factors 
that no attempts at comprehensiveness in the model building process are likely to capture. Besides the 
‘rational’ desirability of a decision alternative, these may include the preferences and perceptions of 
important stakeholders, the need for a majority in parliament, competition for resources with other 
proposed projects or other political considerations. Decision analysis is a planning tool to support this 
process. This tool is not perfect, it can be used incorrectly and it can be used for manipulative 
purposes. Nevertheless, its use would likely improve decision-making processes over the current status 
quo, in which comprehensive formal ex-ante analysis of a decision is rarely practiced. 
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Recommendations for future application of decision analysis in 
Turkana County 
Turkana County would likely benefit from adopting decision analysis procedures for supporting 
critical decisions. In making this recommendation, it is worth adding that there is no need to subject 
each and every decision to a process that is as involved (or more involved) than the one described in 
this report. The decision on whether decision analysis is needed to support a particular decision should 
be guided by whether there is uncertainty about how the decision should be taken. If there is no doubt 
that outcomes are largely positive, there is little perceived risk, or if the political climate only allows 
one particular course of action to be taken, decision analysis has little to add. The process delineated 
below should therefore be restricted to decisions that are actually under discussion and not clear from 
the outset. 

Capacity needs 
Decision analysis, as described here, requires facilitation, and the facilitator must have a very good 
understanding of all steps that are involved. At present, such capacity is not widely available, so 
initially Turkana County would rely on external help for conducting decision analysis processes. 
Facilitation needs for the development of conceptual models are relatively limited, but, at least with 
the tools that were used in the process described here, the translation of this conceptual model into 
mathematical equations requires specialized expertise. Having said this, the processes of running the 
probabilistic simulations and preparing outputs have largely been automated, so that this capacity 
could easily be transferred to dedicated staff of the County Government. If interested in adopting 
decision analysis procedures at a larger scale, Turkana should invest in training a small number of staff 
in all steps of the process. The World Agroforestry Centre could support this skill acquisition. 

The decision analysis process 
The basic process of decision analysis is shown in Figure 1, but details of all steps are presented here. 

1. Decision framing and stakeholder identification 
The first step is clarification of what exactly the decision is. This may sound trivial, but in practice, 
there is often substantial uncertainty about what exactly is on the table. In this step, it is important to 
gain as much precision as possible on what options are considered. The more precisely the decision 
gets defined in this phase, the more useful will the model outputs be for guiding decisions on it. Once 
the decision is sufficiently clear, experts and relevant stakeholders should be identified. This can be 
achieved in a brainstorming session among key actors in the decision process and the decision analysis 
facilitator. It is advisable, however, to also elicit opinions from the first round of stakeholders that 
comes to mind, so that no important perspectives are missed. 
As an additional step, it is advisable to hold a stakeholder engagement workshop, which convenes all 
affected parties. In this workshop, an overview and as much detail as possible about the planned 
decision can be presented, and participants can be asked to comment on these plans. Careful note-
taking is advisable when this feedback is given, and these notes should be considered in the 
subsequent model building, where those providing the comments may not be present. In preparing a 
model for a water pipeline project in Wajir, ICRAF convened approximately 30 stakeholders in such a 
workshop, which generated invaluable insights about the decision context and the attitudes and 
opinions of different groups. 
At the stage of decision framing, literature research is recommended, so that the decision analyst or 
alternatively the technical experts gain familiarity with similar decisions taken elsewhere and a robust 
understanding of the context that this particular decision will be made in. Such research will broaden 
the scope of decision consequences that can be considered in the subsequent model building phase. 
Open-ended interviews with key informants or focus groups are also a good approach to familiarizing 
oneself with the decision context. These interviews should not aim at eliciting precise numbers on 
particular variables, but rather serve the purpose of understanding causal relationships in the system 
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under study, i.e. what exactly will the decision change in the system and what consequences will this 
have. Ultimately, this causal chain should be extended to outcomes that matter to decision-makers, 
such as reduced poverty, food security or environmental integrity. 

2. Participatory model development 
Most of the model development happens during one or more participatory workshops. Since the 
purpose of these workshops is the development of a model, it is probably infeasible to work with large 
groups of people. This is not to say that this would not be desirable and that no methods exist to 
broaden involvement in the process, but at the moment, ICRAF’s method relies on small teams of up 
to 10 experts. In selecting this group, care should be taken that all major perspectives are represented 
and will be inserted into the model. 
Several approaches can be taken to elicit the elements and basic structure of the model. In the case 
study on the road to Eliye, two approaches were applied. In the first approach, the team was requested 
to list all stakeholders, all monetary and non-monetary costs and benefits that may arise from the 
decision, and all risks and mitigating factors that might affect the extent to which these costs and 
benefits will be realized. These elements are then assembled into diagrams for each stakeholder by 
deciding which costs and benefits are of interest and which risks need to be considered. Benefits and 
costs are then often disaggregated into constituent parts, in order to get to variables that experts feel 
comfortable estimating. 
An alternative strategy to produce the model is to start by eliciting all the motivations for considering 
this decision and clarifying how exactly these objectives would be reached. In addition, team members 
would consider which risks affect the achievement of objectives. This objective-focused approach 
turned out to be more effective than the focus on costs and benefits in the Eliye road project, but this 
may not generally be true and probably depends on characteristics and preferences of expert team 
members. Concerns about the decision should be treated in a similar manner. 
To some extent, external information can be considered in building the model, but no very detailed 
research needs to be undertaken at this stage. It may also be useful to get back to key informants who 
are not on the expert team for clarification about particular issues. 

3. Identification of input variables 
This stage includes representing the model as computer code. This is the most specialized part of the 
process and it may be hardest to learn. There are many ways to run probabilistic models. ICRAF’s 
approach is based on a software package called decisionSupport (Göhring and Luedeling, 2015), 
which the group has developed for supporting decision analysis processes. This package is freely 
available to whoever wants to use it. In order to use this package, code for the decision model must be 
written as a function in the R programming language. Guidance on this is included in the package 
documentation, so it is not repeated here. In essence, the package allows the programmer to freely 
code the decision model, as long as some simple rules on input and output parameters are respected. 
This gives the decision analyst the freedom to precisely represent expert inputs in the decision model. 
However, it also requires the ability to write R code. 
All input variables of the model are then compiled in a list, amended by detailed explanations of what 
exactly they mean, and then provided to experts, so that they can provide estimates of the variables. 

4. Expert calibration 
Calibration of experts is an important part of the decision analysis process. Most people are not 
initially good at estimating probability distributions. Some also find it impossible in the beginning to 
estimate numbers that they are not certain about. These doubts, and the initial lack of aptitude for 
providing estimates, can be overcome – most of the time – through one or two training session in 
calibration techniques. Among these techniques is the gradual exclusion of unrealistic values at both 
ends of the range of possible values. The estimator starts with impossibly high or low values (e.g. the 
cost of a road could be a trillion KSh or it could be 100 KSh) and then gradually narrows the resulting 
interval until he loses confidence that further narrowing would not exclude the correct value. 
A further technique is the so-called ‘equivalent bet approach’, where experts scrutinize the initial range 
they have proposed and compare the chance of the correct value falling within this range to the clearly 
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defined range of a standardized randomness generator, such as a wheel of fortune. For eliciting 90% 
confidence intervals, this wheel, which can be provided as a physical object for illustration purposes, 
should have 10% of its area marked in a different color. The expert is then faced with the choice 
between his confidence that the real value of the variable in question is in the range he provided and 
the chance that the wheel of fortune will stop with the arrow pointing to the unmarked section of the 
wheel. The goal is for the expert to be indifferent about this choice. If he has a preference for either his 
range or the wheel, then the range he provided is not his true 90% confidence interval and should be 
adjusted. 
The third procedure that is introduced is Klein’s premortem analysis. It is modeled along the lines of a 
postmortem, which describes the critical examination to find out the causes of an undesirable event 
that occurred. In the premortem analysis, the expert assumes that his range is wrong and tries to think 
of reasons why this would be the case. If obvious reasons come to mind, adjustment of the range is 
recommended. 
In addition to these techniques, experts are also tested for their ability to estimate 90% confidence 
intervals. This is achieved through sets of trivia questions, for which they are asked to provide the 
upper and lower bounds of 90% confidence intervals. Some questions also require them to provide 
their assessment of whether a statement is true or false, accompanied by a probability estimate of their 
certainty about this. These quizzes are evaluated to confront experts with their skill levels. Initially, 
this is often quite poor, but explanations of calibration techniques as well as the awareness of personal 
biases that the quizzes provide, allow most experts to make quick progress. Not everybody comes 
close to perfect calibration, where an expert who says he is 90% sure of something is actually right 
90% of the time. But almost everybody makes measurable progress, and a good proportion of experts 
that undergo calibration training come remarkably close to perfect calibration. Details of the 
calibration methods are provided by Hubbard (2014). 

5. Eliciting estimates and parameterizing the model 
Using the variable input sheets prepared by the decision analyst, calibrated experts provide their 
confidence intervals, or, if they feel comfortable with this, full probability distributions, of all 
uncertain variables. They are allowed to draw on readily available data, but experts should always 
keep in mind that even when data are available, they are requested to still provide their confidence 
intervals of the variable in question. This distinction is important, because it is often not desirable to 
use available data without considering errors or biases that may lead to the data values not actually 
being completely accurate. 
When all experts have provided their estimates, these are consolidated into a consensus set of 
estimates that reflects different perspectives within the group. It is also possible to run the model many 
times, considering the values provided by each expert, but this would lead to a large number of outputs 
that would be difficult to evaluate. It has also been observed that some variables may receive spurious 
estimates from some experts, so that model runs based on these would be misleading. The practice of 
producing consensus estimates has therefore worked quite well in the past. Model parameters are then 
saved in a spreadsheet in a format that is specified by instructions of the decisionSupport package. In 
this sheet, all confidence intervals have to be amended by a probability distribution type (e.g. normal 
or uniform). 

6. Running the model 
If the model code and the estimate table do not contain errors, the decisionSupport command in the R 
package of the same name can be used to run the model and produce raw versions of all outputs. For 
improving these and making figures as shown in this report, some additional utility functions are 
available. 

7. Analysis of results and identification of important variables 
The two types of illustrations shown throughout this report – the probability distribution of plausible 
outcomes, and the variable importance plots – are the main results of the simulation. The main 
information to extract from the plausible outcome distribution figures it the prevalence of positive vs. 
negative outcomes (at least if the model compared two distinct decision alternatives). If all plausible 
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outcomes are positive, or all are negative, then a clear recommendation on the preferred course of 
action can be given. When multiple model outputs considering multiple stakeholder perspectives have 
to be considered, this step needs to account for all these perspective, which makes the emergence of a 
universally preferred option less likely. If model outputs do not highlight one of the options as clearly 
preferable – i.e. if both positive and negative outcomes are reasonably plausible, a look at the list of 
important variables, the other output from the model runs, is recommended. This illustration shows, in 
order of importance, the model variables, whose variation among the model runs was most strongly 
related to variation in outcomes. These variables have high information values and should, if possible, 
be targeted by decision-supporting research. In some cases, values of such variables can be pushed in a 
certain direction by making adjustments to the way the decision is implemented. After new 
measurements have been taken, or the implementation plan has been modified, additional model runs 
are recommended to examine the extent to which these updates have added clarity as to the preferable 
decision alternative. 

8. Communication of results 
Results of the simulation, as well as the emerging recommendations, should be shared with everyone 
involved in the model building, as well as the interested public. Such transparency can enhance 
stakeholder buy-in and strengthen confidence in the government’s decision making processes. 

Application of the model for impact monitoring 

Besides supporting decision making processes, decision models can also be used for impact modeling. 
This can be achieved by gradually updating the decision model and its parameters even after decision 
implementation. This continual adjustment allows for replacement of initially very uncertain variables 
with increasingly precise information. This can foster an adaptive management approach to decision 
implementation, and it allows maintaining realistic impact expectations, even in the face of adverse 
events. For example, if an agricultural project is confronted with a major drought halfway through its 
implementation, this can be reflected by replacing the probabilistic expectation of a drought for that 
year (e.g. there is a 20% chance of a drought) with certainty that there is a drought. This would affect 
projected project outcomes and assist in setting realistic impact targets that are achievable in spite of 
adverse events. This avoids having to evaluate projects based on ex-ante expectations that subsequent 
events beyond the control of project managers may have rendered impossible to achieve. 

Overall needs of the decision analysis process 
Decision analysis is a very flexible approach, and depending on the level of detail at which a decision 
is to be analyzed, the duration and effort required can vary greatly. For a decision such as the one 
reported on in this document, a time frame of approximately one month should be sufficient, provided 
that all parties involved are fully committed to the process and provide timely feedback and inputs 
when requested to do so. In practice, a duration of two to three months may be more realistic, if full 
stakeholder involvement is envisaged. This long duration is mainly due to transaction costs, difficulties 
in defining a decision and delays in responses to feedback requests. If the analysis is conducted 
entirely with a small team of experts and facilitated by a specialized and fully committed decision 
analyst, very short turn-around times are possible. It is quite conceivable that decision analysis can be 
conducted using a staggered approach, with high-level expert-driven modeling first, followed, if 
needed, by more detailed iterations involving more stakeholders. This is a promising strategy, because 
recommendations on many decisions can already be made with very simple models that include little 
on-the-ground detail. When decision options pass such a first analysis step, investing resources for a 
more detailed evaluation of decision options which includes more stakeholders may be justified. 
Subjecting every possible decision option to full stakeholder attention without pre-screening options 
would not seem like a good use of resources (and stakeholder attention). 

Suitable decisions 
In principle, any decision the government has to take can be supported by decision analysis. This is 
because the analysts themselves are not the source of subject matter information. It does help if they 
have a basic understanding of the decision context, but the content of the model should be supplied by 
the experts constituting the modeling team. 
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Regarding concrete decisions on the county’s agenda, the following investments/projects were listed as 
potential candidates for decision modeling by representatives from the County government: 

• The sports stadium 
• Public university 
• Lodwar international airport 
• Relief projects 
• Water aquifer development projects 
• Irrigation infrastructure projects 
• Oil rig investments 
• Pastoral conservancies (communal lands) 
• Kitale-Lodwar road 
• Livestock development investments – abattoirs 
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Appendix 

!  
Figure 31. Simulated outcomes of choosing Tarmac from the local residents’ perspective. Note that the illustration does not 

show the lowest and highest 1% of results. 

!  
Figure 32. Simulated outcomes of choosing TriAx technology from the local residents’ perspective. Note that the illustration 

does not show the lowest and highest 1% of results. 
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!  
Figure 33. Important variables affecting the impact of choosing tarmac technology on local residents. 

!  
Figure 34. Important variables affecting the impact of choosing TriAx technology on local residents. 
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Executive summary 
Political decisions in arid and semi-arid lands often aim to strengthen resilience, which is also the 
declared objective of many development organizations. While the concept of resilience is appealing in 
theory, its practical application is often difficult, because it requires anticipation of a system’s response 
to future shocks and stressors which cannot readily be observed. While the scientific community has 
embraced resilience as a key objective of land use planning, it has not been very successful in 
developing approaches to apply this concept in practical decision support. 
Decision analysis offers a potential solution to this dilemma, since its methods are designed for aiding 
decision-makers in environments characterized by complexity, uncertainty and risk. Evaluating effects 
of an intervention on resilience is essentially equivalent to a comprehensive risk assessment for this 
intervention. Since in most contexts, this assessment has to be made for complex systems with 
imperfect information, decision analysis is a very promising approach. 
Decision analysis methods were used to simulate the effects of choosing alternative technologies – 
tarmac and TriAx grids – for upgrading the road to Eliye Springs in Turkana County. The analysis 
process involved a three-day workshop in Lodwar, during which representatives from government and 
civil society developed a participatory impact model for the decision. This was then parameterized 
based on the current state of knowledge about all uncertain variables in the model. The model was 
translated into computer code and run as a probabilistic simulation, which means that it did not 
produce only one precise outcome prediction, which would hardly be credible, but instead generated a 
distribution of plausible outcomes. More precise predictions are not normally possible, if there is 
uncertainty about important variables that determine intervention impacts. Model results were 
presented to government representatives during an outreach workshop a few days later. Based on 
feedback received during this event, the model was extensively revised, resulting in the version 
presented in this report. 
For all local stakeholders, whose perspectives were considered (local economy, local residents, 
tourism industry), either of the alternative technologies promised to generate positive impacts, with 
little chance of losses. When considered from the government’s perspective, chances of positive 
outcomes still dominated, but for both alternative technologies, the probability of negative outcomes 
was greater than for the local stakeholders. When only considering financial aspects of the planned 
intervention, chances of net loss were greater than those of benefits, especially for tarmac, which is a 
much more costly technology than TriAx grids or standard graveling and grading. Nevertheless, when 
looking at overall effects on the economy, investments in improved road technology are likely 
profitable. Key uncertainties about the interventions were largely related to the current and predicted 
future growth rates of the economy, the number of pastoralist households that would be affected and 
the capacity of the improved technologies to counter the effects of drought. 
While the decision modeling process could certainly still be improved, it generated useful insights for 
decision-makers, and it provided an explicit and well documented rationale for supporting a decision 
on road technology. Results could also be used to present the business case for investments in roads to 
external investors or donors. The decision analysis process has potential for wider application in 
county decision making. In order to avoid relying on external assistance for conducting such analysis, 
it is recommended that the county support the training of a few individuals in decision analysis 
methods, to generate the capacity to use decision analysis procedures in county planning processes 
whenever they are needed.   

Decision Analysis for including resilience considerations into 
development planning 
Resilience is a primary objective of many development agencies, but it is a difficult concept to work 
with in practice. In any given context, resilience has been shown to depend on a lot of factors, and 
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efforts to quantify it have typically resulted in abstract indices that attempted to integrate data on a 
selection of these. Part of the difficulty in working on resilience stems from the dynamic definition of 
the concept. Resilience is defined in various ways, but definitions always include system responses to 
shocks and stressors. Such responses cannot normally be measured through surveys or sampling 
campaigns, unless shocks actually occur. Even if a shock is available for study, data collection could 
only provide information on this particular shock, rather than the full array of shocks that could occur. 
And it would only provide information on observed responses to historic shocks rather than the 
general capacity of the system to withstand future shocks. This, however, is what a resilience 
assessment should measure – the capacity of the system to perform adequately in the face of shocks 
and stressors. Resilience is thus an attribute of the system, which does not depend on whether shocks 
actually occur, and it needs to be assessed with a view to future shocks and stressors that cannot 
currently be observed. 
Since a resilience assessment should take into account things that have not yet happened and that may 
never happen, simulation modeling is one of very few available options (possibly the only option). It is 
necessary to conduct a risk assessment, in which effects of shocks and stressors on the system are 
simulated in order to gain understanding of system performance in the face of these disturbances. 
System models can accomplish this. System modeling, however, is a difficult task in complex systems, 
especially when faced with the challenges of limited data availability that are common in many 
developing country settings. Even when abundant data are available, uncertainties about many 
important variables remain, because resilience assessment requires information on future shocks and 
on the future state of the system, which cannot be predicted with precision. Uncertainty is therefore a 
major part of the resilience game, and it should be considered in any attempts to quantify resilience. 
Resilience assessment is challenged by the dynamic definition of the resilience concept, the necessity 
to consider hypothetical future shocks and stressors, the complexity of mechanisms that confer 
resilience and scarcity of data. Many agricultural science approaches to systems analysis are unable to 
deal with this challenge, because they aim to derive all findings from data, they reduce complexity to 
make a system researchable and they are not well equipped for dealing with imperfect information. 
The challenges of resilience assessment, however, are strikingly similar to challenges commonly 
encountered in other fields. Decision analysis is a scientific approach for assisting decision-makers 
with deciding on particular actions they are considering. Very frequently, such decisions have to be 
made in the face of risk and uncertainty, and there are no resources – in terms of time or money – for 
comprehensive research to eliminate all of these. Still, decisions must be made, and robust approaches 
have been developed to deliver the best possible decision outcome predictions with currently available 
information. 
The decision analysis approach used at the World Agroforestry Centre (ICRAF) is a pragmatic way to 
quickly generate helpful information to support decisions. It normally does not have the ambition to 
produce a perfectly accurate model of the whole system that is targeted by a decision, but it takes the 
decision itself as the starting point and only models aspects of the system that are of relevance to the 
decision. The model is constructed as a causal impact pathway, describing what is expected to happen 
if the decision is made a certain way and how this effect will propagate to affect various stakeholders. 
This impact model is produced mainly based on causal relationships provided by experts, who are 
often the most reliable source of such information. Ideally, these are the same experts that advise those 
making decisions, because it is their expectations that actually find consideration in decision-making 
processes. Especially where strengthening resilience is a decision objective, but really also in all other 
decision models, risks should be explicitly considered. This is achieved by avoiding the normally 
unrealistic expectation that the future state of a complex system can be predicted with precision. 
Instead, the model simulates many possible future states, including some where the system is affected 
by particular shocks and some states where the shocks do not occur. The probability of shocks can thus 
easily be considered, and impacts of shocks and system responses to them can be simulated for an 
appropriate share of the possible futures that are evaluated. A major principle of decision analysis is 
that decisions should be supported by the best available information, but that this information does not 
have to be perfect. The current state of knowledge on all variables is described not by precise best-bet 
numbers, but by fuzzy probability distributions that describe what the value of the variable could be. 
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Model outputs are computed with full consideration of this uncertainty, which manifests itself also in 
the type of outputs that is produced. Just like the input variables, outputs are not precise numbers, but 
probability distributions of the likely impacts of a decision. 
In addition to providing information on the distribution of expected decision impacts in the face of 
risks and uncertainty, decision analysis also provides guidance on how to gain more certainty on the 
best course of action. This is delivered through assessment of the value of information of the input 
variables. The value of information is a measure of the extent to which uncertainty about input 
variables limits the precision with which decision outcomes can be predicted. The value of information 
normally varies greatly among all the input variables, and in most cases a few variables stand out with 
much higher values then most others in the model. These variables are the ones that decision-specific 
research should target. They are the key knowledge gaps for the particular decision under scrutiny. 
In applying ICRAF’s decision analysis approach, it is not necessary to explicitly consider resilience. 
Rather, the approach is capable of directly simulating system performance in the face of shocks and 
stressors in the context of a particular decision. This allows comparative assessment of the long-term 
performance of all decision options. 

Outline of the approach 
ICRAF’s decision analysis approach is oriented by the principles of Applied Information Economics 
(Hubbard, 2014), which is a well-established methodology that has been applied for analyzing a wide 
range of decisions in the private sector, as well as in policy and development contexts. The process 
starts by identifying and framing a concrete decision that is currently under consideration. 
Stakeholders affected by the decision are then identified and a team of experts is established (Figure 
1). Experts in this context does not refer necessarily to internationally recognized authorities in the 
field of study, but rather to people with detailed knowledge of the decision under consideration. 
Representatives of the decision-making authority should also be represented in the decision analysis 
team. The team convenes in a workshop, during which the impact pathway of the decision is 
assembled into a causal model. This process occurs in a ‘brainstorming’ atmosphere, in which team 
members are encouraged to make their expectations of causal relationships explicit. The process aims 
at capturing everything that experts deem important, regardless of ease of measurement. 
Expert inputs are then coded into a decision model by a decision analyst, who also produces a list of 
all the parameters needed to run the model. This list is fed back to experts, who are requested to 
specify their state of uncertainty about all the parameters. These are to be given as confidence intervals 
or probability distributions. In order to put experts in a position to provide reliable probability 
estimates, they are trained in a number of techniques that make them aware of possible biases they 
may have and assist in making estimates. These techniques, which are referred to as ‘expert 
calibration’ have been shown to measurably improve people’s ability to estimate their own uncertainty 
(Hubbard, 2014). When a perfectly calibrated expert says she is 90% certain that the value of a certain 
variable is within a given range, she should be right 90% of the time. In certain cases, historic sources 
of information or information from key informants can be considered, but for most variables 
information is normally not readily available, so they have to be estimated. It should be noted here that 
important variables for which no information is available should never be removed from a model, 
since this would be equivalent to saying the effect of the variable is constant or even zero. Removing 
variables can then easily lead to ignorance of important processes that may affect decision outcomes. 
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!  
Figure 1. Outline of ICRAF’s decision analysis process according to Luedeling et al. (2015). 

Once probability estimates are available for all model parameters, the model can be run as a Monte 
Carlo simulation. This simply means that the model is run many times, each time with a different set 
of input values, which are randomly drawn from the probability distributions provided by the experts. 
Accordingly, this type of simulation produces many different values for the model output. These are 
summarized into a probability distribution of decision outcomes, which often includes both positive 
and negative values. In some cases, however, all plausible decision outcomes can be either positive or 
negative, in which cases a robust recommendation can be given without additional measurements. 
When no clear recommendation emerges, high-value variables can be identified and flagged for 
measurements to support decision-making. Such measurements can consist of a sampling or survey 
campaign, but in some cases, simply disaggregating the variable into its constituent components can 
suffice for gaining clarity on the preferred course of action. With additional information, uncertainties 
about input variables can be narrowed, so that subsequent model runs provide a clearer picture. A more 
detailed explanation of the process can be found in Luedeling et al. (2015). 

Previous applications of ICRAF’s decision analysis approach 
ICRAF’s decision analysis approach has been used before in a few instances. In most models, 
resilience has been considered in the sense that systems were exposed to various shocks, and 
performance was measured in the face of these disturbances. A prominent example is a model 
describing a decision about constructing a freshwater pipeline in northern Kenya, to ensure the 
drinking water supply of the city of Wajir (Luedeling et al., 2015). The proposed project was at risk 
from several potential shocks, including conflict, political interference, salinity intrusion into the wells 
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and drying up of the aquifer. All risks were explicitly considered in the model to simulate the range of 
plausible decision outcomes for various stakeholder groups. Results showed that given the state of 
knowledge of the consulted experts at the time of model building, the proposed project was highly 
risky. For most stakeholders, it was not clear whether they would gain or lose from the intervention. 
Critical risks that emerged from the analysis were the risk of political interference, the risk of saltwater 
intrusion into the wells and the risk that the water company (charged with running the water supply 
operation) might not be economically viable. Further critical uncertainties were how to value several 
outcomes, such as decreased infant mortality or reduced disease incidence. 
Shocks were also simulated in two case studies analyzed for the Technical Consortium for Building 
Resilience in the Horn of Africa (Luedeling et al., 2014). An impact model was constructed for the 
Galana Ranch irrigation project in Kenya, in which a large area of government land is to be converted 
to irrigated agriculture (Hubbard Decision Research, 2014). Shocks considered in this model were 
climatic shocks (droughts and floods), political instability, conflict and price fluctuations. Also here, 
the investment seemed highly risky, based on the current state of knowledge, with about equal chances 
of overall gains and losses. By far the highest-value variable was the crop/revenue ratio of crop 
production, followed – at some distance – by the cost of cropping and the potential ecological and 
livelihood losses downstream. In the same report (Luedeling et al., 2014), a simple model for 
estimating the impacts of borehole interventions is also presented. Borehole impacts were simulated in 
the face of drought, and important uncertainties included the time preference of pastoralists, the milk 
price and the mortality reduction that can be achieved through better borehole management. 
Further decision models were developed for a number of interventions in the context of the ‘Global 
Intervention Decision Model’ (Hubbard Decision Research, 2013). This study considered decision case 
studies on integrated rainfed agriculture in Kenya’s Tana River Basin, payment for ecosystem services 
for maintaining the Sasumua Dam in Kenya, water management in the Lower Mekong Basin, a 
humanure factory in Ghana, an irrigation scheme in Ghana and an optimized seed distribution network 
in West Africa. All these case studies contained elements of risk assessment. At the time of writing, a 
number of agricultural interventions are being analyzed at the World Agroforestry Centre. For all of 
these, the impacts of various shocks are simulated. 
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life expectancy). For education, reduced costs were also considered, as well as the value of better 
education. Further variables describe the reduced costs of accessing other services (Figure 9). 

!  

Figure 9. Access to services. 

One of the key objectives of upgrading the Eliye Springs road is to strengthen the tourism industry. At 
present, a few small resorts exist at the shore of Lake Turkana, but more development is expected in 
the future, including in connection to a planned resort city somewhere in the area (though not 
necessarily at the end of the road). Tourism was modeled as an industry that is, in principle, expected 
to grow at a certain rate, which can be raised by upgrading road quality. The rate of change in tourist 
numbers, however, can be reduced by droughts and conflict in the area, which would certainly affect 
the attractiveness of Turkana as a tourist destination. The impact of these shocks is therefore also 
considered. As an additional factor, the effect of the resort city is also taken into account, since its 
presence will likely attract more tourists. The time until the resort city attracts the first tourists is 
therefore considered, and the presence of an improved road can shorten this time, because it 
accelerates construction. The effect of the resort city is considered as an additional tourism growth-
enhancing factor. Based on these inputs, a time series of tourist numbers is generated, starting with the 
current number (Figure 10). These numbers are multiplied by the profit per tourist, which may be 
modified by the choice of road technology. Profits of supporting industries are considered at a value 
corresponding to an estimated percentage of tourism profits. 
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!  

Figure 10. Road impacts on tourism. 

!  

Figure 11. Benefits of trying out new technology. 

Another important objective of using alternative technology for upgrading the road is that this would 
provide an opportunity to gather experience with new road types. These road types may then become 
an option for other roads to be built in the future, or they may not have to be considered because of 
poor performance in the present case. Whatever the experience may end up being, it is expected to 
affect the chance of making poor decisions on future roads. To simulate the effects of this experience 
gain, the annual number of road decisions that are made in Turkana was estimated, as well as the 
current chance of choosing suboptimal technology. This chance can be affected by the technology 
choice for the Eliye road. From these inputs, a time series of the annual number of bad road 
technology decisions is constructed. This is then multiplied by the estimated Net Present Value (NPV) 
of the road decisions, and a factor expressing the expected reduction in NPV as a result of bad 
technology choice (Figure 11). 

Finally, increased tax returns are an objective of the interest in using alternative technology. This is 
modeled by multiplying the profits of local businesses, tourism industry and future road decisions with 
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