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EXECUTIVE SUMMARY  

On November 1-3, 2016, a group of 17 academics and practitioners in the field of ecosystem 

services (ES) met to evaluate the current state of practice on uncertainty assessment. The aim of 

the workshop, funded by the National Center for Socio-Environmental Synthesis (SESYNC), was to: 

i) identify and improve the accessibility of uncertainty assessment tools and approaches that have 

direct applicability to ES studies; ii) explore ways to cultivate demand for uncertainty assessment 

in ES studies (from decision-makers and analysts), including the potential role for best practices or 

“standards”; and iii) identify future research and tool development necessary to overcome 

remaining barriers. 

Two case studies served to identify the concrete challenges and solutions that practitioners could 

use in the future. The group also produced a problem tree that identifies the roots of the multi-

faceted challenge of assessing uncertainty. The tree showed two main branches: one related to 

the complexity of conducting uncertainty assessment in practice, the other related to the 

inadequate incentives to perform such assessment. Sub-problems were found to have multiple 

causes and in some cases to be self-reinforcing: when the benefits of considering uncertainty are 

not clear to funders or decision makers, then uncertainty analysis does not get demanded, 

therefore not funded, which in turn means neither analysts nor scientists spend the required time 

to conduct it or build capacity to do so, preventing mainstreaming of the practice.  

The main lessons from the workshop were that: 

1.     Knowledge and perceptions of uncertainty among practitioners are very heterogeneous; the 

community could benefit from immediate efforts to highlight the value of uncertainty assessment 

in their own work, and incorporating uncertainty analysis or systems modeling classes more 

systematically in scientific education may improve practices in the community in the long term. 

2.     There is already some demand for specific ES-oriented guidance on uncertainty assessment 

from the ES community, which suggests that a simple and practical online resource that points to 

concrete solutions may help practitioners apply solutions adequate to their challenges. 

3.     The absence of success criteria for uncertainty assessment is confusing for analysts and 

decision-makers, which suggests that a clear understanding of the role of the model (and 

modelers) in a project may improve confidence in the models. 

4.     Existing tools from the Integrated Environmental Modeling community, which were thought 

to be useful by workshop organizers, may need to be adapted to reach the ES practitioners 

audience. 

5.     The lack of clear examples of when uncertainty analyses have influenced the decision process 

may explain the low demand, which suggests that compiling a list of exemplary and representative 

case studies for practitioners may increase uptake. 

6.      The role of uncertainty in the social sciences was rarely discussed during the workshop, which 

reflects the expertise of the group (most participants had a formal training in natural sciences), but 

also suggests that more efforts are needed to engage with other scientific communities. In 

particular, it is felt that social scientists can play a crucial role in the knowledge/decision support 

process in terms of stakeholder engagement and knowledge elicitation processes, and identifying 

the acceptability of decision options across typologies of stakeholders. 
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1 BACKGROUND 

This document summarizes the contents, lessons 

learnt, and expected outcomes of a workshop on 

uncertainty assessment (UA) in ecosystem services 

(ES) projects, held on November 1-3, 2016. The 

workshop was sponsored by and conducted at the 

headquarters of the National Center for Socio-

Environmental Synthesis (SESYNC), in Annapolis, 

Maryland, with 15 participants joining the two 

organizers. 

The aim of the workshop was to improve uptake of 

uncertainty assessment in ES analyses. We gathered 

a cross-disciplinary group of researchers and 

practitioners to: i) identify and improve the 

accessibility of uncertainty assessment tools and 

approaches that have direct applicability to ES 

studies; ii) explore ways to cultivate demand for 

uncertainty assessment in ES studies (from decision-

makers and analysts), including the potential role for 

best practices or “standards”; and iii) identify future 

research and tool development necessary to 

overcome remaining barriers. 

The workshop agenda and list of participants are 

provided in Appendices A and B. This report is not an 

exhaustive summary of the workshop activities but a 

summary of key observations and lessons learnt at 

the workshop. Multiple formal products will emerge 

from the workshop (cf. Section 4), with leadership 

and contributions from many participants. 

2 WORKSHOP CONTENTS 

2.1  OVERVIEW OF THE WORKSHOP 

The workshop structure was organized around a logic 

of thoroughly eliciting challenges faced by ES 

analysts, eliciting potential solutions, and then testing 

and organizing these solutions (Figure 1). After group 

discussions to draw out some challenges and 

solutions, we used two case studies to “stress test” 

the way we framed and organized both. In the final 

stage, we drew lessons from the exercises and 

brainstormed on products that will contribute to 

solving the key challenges. 

 

2.2  FRAMEWORKS AND TOOLS FOR 

UNCERTAINTY ASSESSME NT 

To provide a common knowledge base to all 

participants, we shared a number of resources and 

elements of frameworks for thinking about 

uncertainty during the two webinars, with additional 

presentations during the first day of the workshop by 

ourselves and a subset of workshop participants. The 

key messages from these presentations are included 

below: 

Key concepts in uncertainty analyses 

(Presented by Hamel and Bryant): 

Figure 1. Flow chart of the key steps of the three-day workshop 
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It is useful to think about uncertainty in ES 

assessments across three dimensions (cf. Walker et 

al. 2003):  

- its location in the knowledge system (decision 

support process): i.e. whether uncertainty 

manifests in the context or problem definition, or 

the modeling inputs, or in the output 

interpretation or communication) 

- its nature, i.e. whether uncertainty is due to 

imperfect knowledge or inherent variability of 

the phenomena 

- its level or magnitude, i.e. whether the 

uncertainty manifests itself along the spectrum 

between deterministic knowledge and total 

ignorance 

In addition, the goals of uncertainty assessment can 

be thought of in terms of contributing to the creation 

of ‘efficient knowledge systems’, i.e. the co-

production of information that is effectively used by 

decision-makers, where new knowledge is deemed 

credible, salient, and legitimate by all stakeholders 

(Cash et al. 2003). A particular concept in the above is 

that of identifying critical uncertainties, being those 

that might be influential in affecting the decision 

option, not all uncertainties being equal and 

necessary to quantify. 

 

Figure 2. Project cycle, showing the contributions of modeling tools and stakeholder inputs (Hamilton et al 2015, 

based on Becker et al 2010). 
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Integrated environmental modeling (IEM): The field 

of IEM has developed powerful frameworks and 

resources that help analysts identify and execute the 

necessary steps to produce useful uncertainty 

assessments throughout a project (see Figure 2). 

Hamel and Bryant (in press) review key contributions 

from this field that apply equally to ES assessment 

projects, recognizing the breadth of this body of 

literature (and hence the difficulty in providing a 

concise and accessible set of key contributions to 

serve as guidance to ES analysts). 

Specific techniques and tools 

Collaborative Risk Informed Decision Analysis (CRIDA, 

presented by Guillermo Mendoza): This approach 

represents a change in paradigm in the way that 

analysts think about uncertainty in a system. The 

more classic way to approach uncertainty analyses is 

to start with the system inputs (including parameters) 

and identify their effect on outputs of concern, and 

preferably if a particular decision is “robust” to their 

uncertainty. The proposed approach is to start from 

the system’s vulnerability, i.e. “what would keep 

decision-makers up at night”, and work backwards to 

identify decisions options that would make it unlikely 

to reach these vulnerable situations, or on the other 

hand recognize plausible uncertainties that would 

make the system intolerably vulnerable. It is now well 

recognized that the approach must be collaborative 

between scientists, decision makers and interest 

groups to an extent that enhances understanding, 

sharing and integration of knowledge and thereby 

generates trust. CRIDA is a good example of “bottom-

up” and “deep uncertainty” approaches that are 

being increasingly applied in environmental policy 

and planning, especially water management and 

natural hazards management. For a taxonomy of 

techniques in this arena, see a review by Herman et 

al. (2015).  

Bayesian network approaches to ES modeling 

(presented by Ken Bagstad): Machine learning 

techniques, implemented in ARIES and other 

scientific tools outside of ecosystem services, bring a 

greater level of complexity but hold promise as an 

inductive scientific method that can move the 

ecosystem services toward data-driven science 

common in other fields that use big data approaches. 

Inductive approaches bring a different lens to 

uncertainty assessment than traditional experimental 

(i.e., deductive) science. Bayesian network 

approaches have the advantages of being inductive 

where data informativeness can be used, and 

deductive in network components where expert 

opinion or other model results can be utilized. They 

are also a neat way of capturing uncertainties by using 

probabilities to link states of causal/parent nodes 

with states of child nodes. Their disadvantages are 

largely that they are static, not easily made dynamic, 

and cannot represent feedback loops as say System 

Dynamics approaches do (Kelly et al. 2013). 

Existing guidance 

As noted above, Hamel and Bryant (in press) provide 

a list of resources from the field of Integrated 

Environmental Modeling that can be used by ES 

practitioners (Hamel and Bryant, in press, Table 1). 

These include the uncertainty matrix (Walker et al., 

2003) and the “Quickscan questionnaire”, Petersen et 

Table 1. Suitable methodologies to deal with uncertainty at various stages of the modeling process (source: 

Refsgaard et al. 2007) 
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al., 2013), which both provide a frame for analysts to 

organize their thoughts around modeling uncertainty. 

The Quickscan questionnaire, for example, is a list of 

questions about the project context, stakeholders, 

current knowledge and pre-identified uncertainties 

(see 2.4 for additional notes). 

The National Ecosystem Services Partnership 

Guidebook (presented by Lydia Olander): Recently 

released online1, this constitutes a key resource for 

US practitioners to conduct ES assessments. While it 

contains material orienting practitioners to key issues 

and techniques for each stage of an analysis cycle, it 

currently has limited information on where and how 

uncertainty assessment should be incorporated along 

ES projects, which represents an opportunity for 

dissemination of the information generated in this 

workshop. 

 

2.3  ELICITATION OF PRACTICAL CHALLENGES 

During two webinars and the workshop itself, we built 

out a list of challenges and concerns regarding 

uncertainty analysis for ES assessments (Table C1 in 

Appendix C). We found that most of them fit into the 

seven “high-level” challenges described in Hamel and 

Bryant (in press), although one additional challenges 

was raised: the lack of incentives or support from 

institutions (row 1 of Table C1). 

Three participants (Nirmal Bhagabati, Diana Lane, and 

JuanSe Lozano) also shared reflections inspired by 

recent case studies, which were incorporated in Table 

C1. The most common types of uncertainty assessed 

were about future climate (based on the IPCC future 

climate scenarios), and model parameters. A 

common challenge was the creation of visuals that 

effectively synthesize the information included (or 

omitted) in uncertainty assessments. 

 

2.4  ELICITATION OF SOLUTIONS THROUGH 

THE CASE STUDY WORK  

We used two case studies to make challenges and 

solutions for uncertainty assessments more concrete. 

                                                                 
1 https://nespguidebook.com/ 

Description of the case studies can be found in 

Appendix D. 

The solutions used by participants during the 

workshop are summarized in Table C2. While the 

table covers only a small range of solutions offered by 

the Integrated Environmental Modeling community 

(e.g. Table 1), it helps identify the most common 

solutions identified by practitioners: in particular, 

analytical techniques to assess uncertainty in 

mathematical models (Table C3, row 1), and a 

number of communication and collaborative design 

techniques (row 3) leading to joint understanding of 

the conceptual model. 

One interesting finding was that the uncertainty 

matrix (ala Walker et al., 2003 or Refsgaard et al., 

2007) and the Quickscan questionnaire (Petersen et 

al., 2013) were not found to be useful in this process: 

e.g. filling out all the cells of the matrix proved 

overwhelming and it was not clear how to prioritize 

between all the sources of uncertainty identified in 

the process. Of note, participants acknowledged that 

more time might have helped better understand how 

to use these tools (each case study received 

approximately two hours of time). 

 

2.5  PROBLEM TREE TO FORMALLY ORGANIZE 

CHALLENGES 

The pre-workshop webinars and presentations on the 

first day began a process of eliciting challenges. We 

then formalized the elicitation of challenges by 

sorting them into a hierarchy of causes using the 

“problem tree” approach.2 A problem tree is often a 

first step in developing a program logic or theory of 

change, and involves starting with a core problem 

that motivated the workshop (and is approximately of 

the same scope). Participants then identify and hone 

different contributors to the core problem. We 

started with the following core problem: 

Uncertainty assessment commonly receives 

insufficient use in ecosystem services studies. 

2  https://www.odi.org/publications/5258-problem-
tree-analysis 

https://nespguidebook.com/
https://www.odi.org/publications/5258-problem-tree-analysis
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The full problem tree is online and included in 

Appendix E. Below we describe elements of the high 

level structure and root problems. 

BROAD THEMES 

The two main branches of the problem tree were 

related to the challenges facing ES analysts (the “it’s 

hard” branch) and the lack of incentives they have to 

conduct that analysis at all (the “lack of incentives” 

branch). Importantly there were also connections 

across these two major branches, discussed at the 

end of this section. 

Furthermore, on each major difficulty, the group felt 

it was appropriate to disaggregate issues for analysts, 

academics, decision makers, and stakeholders. In 

some cases the challenges or incentive issues facing 

these groups overlap, but for some they are different. 

For example, an analyst working as a consultant may 

face different time and workflow pressures than an 

academic. Stakeholders and decision makers may 

need the same type of assistance in digesting 

technical information, but individuals with decision 

making authority often face a notably different 

incentive structure than stakeholders who are limited 

in their ability to influence decisions. 

THE “IT’S HARD” BRANCH 

Communicating uncertainty: Within the 

communication branch, there was a particular 

interest related to technical challenges that affect 

both the analyst and decision maker. For example, ES 

analyses are often spatial, and often relate to multiple 

objectives. While uncertainty can be handled 

somewhat straightforwardly for a modeling problem 

with one of these features, the combination of all 

issues is not often dealt with. Even when one or two 

of these complicating elements can be dealt with, the 

uncertainty is different at different spatial and 

temporal scales, and potentially across models 

associated with different services within a decision 

context. The integrated modeling nature of ES also 

means there are always many inputs and structural 

issues to track and convey (or distill).  

Another sub-theme was related to language and the 

challenge of communicating across disciplines and 

sectors -- stemming from lack of capacity or 

awareness of the importance of doing so, and 

occasionally due to severe constraints associated 

with engagement opportunities (ie, limited time to 

guide the target audience in interpreting results). 

Related but distinct (and receiving only one node in 

the problem tree!) was the issue that ES studies are 

operating in a realm that requires negotiating 

complex value arrangements (see lessons learnt).  

A third point related to communication (which also 

relates to the incentive issue below) is that the term 

“uncertainty” itself is considered in some way bad or 

implies a nuisance to be considered, which might be 

addressed by focusing on related but inverse terms 

like “confidence.”   

“It’s hard for the analyst to conduct”: Perhaps the 

most complex branch of the tree was related to 

difficulties the analyst faces in actually conducting the 

uncertainty analysis -- which stem from insufficient 

time or insufficient expertise given the time. 

Importantly, these problems are related, in that 

insufficient time can stem from improperly scoped 

projects and/or improper management, or incorrect 

assessment of the level of expertise required relative 

to what is available. However, other factors that 

contribute to insufficient time include (again) the 

fundamentally integrated nature of ES, which in turn 

requires many data sources which may be poorly 

characterized in their input quality. Other factors 

include the lack of institutionalized defaults for what 

uncertainty should be considered, and the youth of 

the ES field, leading to a need for unanticipated 

innovations during the modeling process. Of note, 

there is also some link to communication challenges 

and improper scoping of the uncertainty analysis 

itself: It may be the case that better familiarity with 

techniques that are simple and easy to communicate 

can contribute simultaneously to addressing both the 

“it’s hard to conduct” and “it’s hard to communicate” 

branches. 

THE INADEQUATE INCENTIVES BRANCH 

The issue of incentives was identified as important for 

all major parties, but received somewhat less 

attention overall. Ultimately both audience (decision 

http://popplet.com/app/#/3594326
http://popplet.com/app/#/3594326
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makers) and those who conduct ES studies (analysts 

and scientists) suffer from the same self-reinforcing 

problem that the consideration of uncertainty is in 

the main not required for either of them. Except 

when clearly framed as an opportunity, it in general 

makes more work and complication for a decision 

maker -- and if it is not demanded by a decision 

maker, or is not part of a contract or scientific 

publication requirements, then it is more work for an 

analyst that may neither be demanded nor well 

received. These in theory stem from difficult 

institutional arrangements and lack of awareness of 

the positive value uncertainty analysis can bring in 

crafting more informed, robust decisions.  

LINKS ACROSS BRANCHES AND IMPLICATIONS 

The main link across the “it’s hard” branch and the 

“missing incentives” branch relates to (lack of) 

funding for both analysts and scientists, and its 

implications: When the benefits of considering 

uncertainty are not clear to funders or decision 

makers (where “funders” includes funders of 

academics that shape their incentive structure), then 

uncertainty analysis does not get demanded and 

therefore it does not get funded. When it is not 

funded, neither analysts nor scientists spend the 

required time to conduct it or build capacity to do so, 

and it never becomes streamlined or institutionalized 

via tacit knowledge and explicit toolsets and 

guidance. So while there are many individual 

solutions that can be considered for each leaf of the 

problem tree, solutions that demonstrate the value of 

uncertainty analysis while also easing the task of 

conducting it (via guidance and tools) will appear to 

go a long way to addressing the problem.  

 

3 LESSONS LEARNED 

3.1  WORKSHOP FINDINGS AND REFLECTIONS 

Knowledge and perceptions of uncertainty among 

practitioners are very heterogeneous: This 

observation was a working assumption in preparing 

the workshop (e.g. Hamel and Bryant, in press) and it 

was confirmed by the interactions during the 

workshop. A number of language clarifications were 

necessary even on topics not related to uncertainty, 

and there was overall low familiarity with the 

(admittedly wide) array of techniques useful in 

uncertainty assessment (e.g. those in Table 1), 

stemming from the literature on integrated 

environmental modeling. 

Implication: This gap is unlikely to be bridged in 

the short term, though leading by example and 

drawing attention to it in talks and papers may 

be helpful. In the long term, incorporating cross-

disciplinary uncertainty analysis or systems 

modeling classes more systematically in 

scientific education may help. 

There is already some demand for specific guidance 

on uncertainty assessment from the ES community: A 

recurring theme in our discussions was the absence 

of adequate guidance, which could be step-by-step 

guidelines or an online tool organizing existing 

resources in a systematic way. We recognized the 

challenge of creating guidance that was both broad 

enough to encompass all possible ecosystem services 

projects, but specific enough to provide concrete 

support to analysts. Better identification of areas 

where existing resources are sufficient (vs. issues that 

are specific to ES) would be useful. Tailoring of 

guidance may also be required for different types and 

environments in which an analyst conducts their work 

-- a handbook series useful to an academic may be too 

detailed and nuanced for a consultancy environment. 

Implication: It may be useful to provide and 

advertise guidance tailored to the ES community 

(e.g. in the NESP guidebook). While the 

fundamental content of such guidance “exists” 

in the literature, in practice it may be too diffuse 

for an ES analyst to feasibly access or be made 

aware of.  

The absence of success criteria for uncertainty 

assessment is confusing for analysts and decision-

makers: An interesting lesson from the case study was 

that each group approached the UA from a different 

perspective, meaning that each of them had different 

perceptions of what a successful UA meant. More 

broadly, the lack of clear criteria to determine what 

constitutes a “successful” (or “sufficient”) UA seems 

to be an important barrier to adoption.  

Implication: Developing default procedures or 

metrics to benchmark whether common types 

of uncertainty have been assessed may be 
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useful. These “standards” could involve, for 

example, using X or Y climate scenario for future 

uncertainty assessment; in other contexts, 

when GIS data are involved, they could mean 

running the analyses at two different 

resolutions.  Such sensitivity analysis of course 

should extend to other assumptions made in the 

modelling process and assessed for their relative 

effect on outcomes. On the other hand, the 

question was raised as to whether those 

decrying the inadequate levels of UA might be 

holding ES assessments to a higher standard 

than other types of information (e.g. 

government economic statistics on jobs and 

GDP growth), which should be considered 

when/if developing these standards. 

Tools like the uncertainty matrix or the “Quickscan 

questionnaire” may not be as useful as expected: the 

feedback from the participants was that both tools 

were difficult to use in practice, although participants 

acknowledged that more time would have helped to 

form an informed judgement of the tools. 

The lack of clear examples of when uncertainty 

analyses have influenced decisions may explain the 

low demand: Although the IEM community has made 

extensive efforts to demonstrate the value of UA (eg, 

Jakeman et al. 2008), participants felt that simple, 

powerful examples of where UA has been an effective 

part of the decision process would help advocating 

for the importance of UA, and in turn improve the 

time and resources allocated to conduct it. 

Implications: One of the proposed products of 

this workshop is to compile and publish such 

case studies. 

Uncertainty in social sciences was rarely discussed 

during the workshop: Social sciences are central to 

valuing ES, since the analysts need to understand for 

various reasons worldviews and values of so-called 

“beneficiaries” of a service. Despite the uncertainty 

related to this step of ES projects, this aspect was 

rarely discussed during the workshop (e.g. social 

sciences represents one small branch of the problem 

tree). There are at least two possible explanations for 

this: first, despite our efforts, the list of participants 

was comprised of more people with formal training in 

natural sciences than social sciences, perhaps 

reflective of the under-representation of social 

science in conservation (Bennett et al 2016). Second, 

the normative aspects often embedded in an ES 

framework may make people more likely to accept 

assumptions about beneficiaries’ values. For 

example, many ES assessments do not explicitly 

assess -- or even characterize -- beneficiaries’ values 

and instead end the analyses at biophysical endpoints 

assuming they are “valuable” (e.g. sediment retained 

on the ground, rather than actual economic or health 

benefit of cleaner water for a subset of the 

population). 

Implications: This observation calls for 

continued collaboration with social scientists to 

pose questions and methods around 

uncertainty assessment in their field. Social 

scientists can be strong managers of uncertainty 

by supporting elicitation and framing of the 

most appropriate management or policy 

questions, and understanding the social 

impediments and opportunities for resolving 

contested issues. Regarding our second 

explanation above, the normative aspect of ES 

frameworks may be mainly a reflection of the 

novelty of the field, and suggest that more 

active efforts be made by the ES community to 

better incorporate the “human” side of ES. 

 

3.2  WORKSHOP ACTIVITIES ASSESSMENT 

Case studies 

The use of case studies helped highlight the diversity 

of perspectives and starting points for uncertainty 

analyses: some groups started by identifying the 

vulnerable areas in the system (using a collaborative 

risk informed decision aid approach), while others 

started from a problem tree approach (unpacking all 

the pieces involved in the modeling approach. Small 

group work on the case studies helped draw out tools 

and techniques familiar to some participants but not 

others (eg, the SWAT-CUP calibration tool, dynamic 

visualization, etc). 

However, it proved difficult for participants to engage 

at a detailed level, which made the exercise more 

theoretical than intended. This stemmed from the 

level of background and methods detail (and 

constraints) that could be communicated as part of 

the case study, and from lack of time or ready-made 
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models that could be utilized in that limited time. For 

example, participants found that there was not 

enough time to actually test the feasibility of high-

level guidance or the visualization tool approaches. 

Implications: if using a similar exercise for 

training material, make sure that either: 

1) The case study is extremely simple (but 

representative of key issues), allowing 

participants to engage and model “live”,  

2) Participants are provided with greater levels 

of detail on the problem context and models 

used, and have the time and incentive to 

read and absorb them before the workshop, 

or  

3) The analysis is pre-conducted, in which case a 

list of main challenges would be presented 

for reaction and feedback (this would be a 

different exercise, in the sense that the 

framing of an uncertainty assessment would 

be imposed). 

Problem tree exercise 

The approach generally seemed to work well, though 

stepping through the large tree with the entire group 

turned out to be somewhat cumbersome, and live 

editing for one group was somewhat challenging. 

There was insufficient time to formally “flip” the tree 

to inform a logic or theory of change, which could 

have added further rigor to vetting the utility of 

different products.  

Implications: In future workshops, it may be 

more productive to break into two smaller 

groups using sticky notes or whiteboards and 

see what common themes emerge, with 

synthesis to a joint tree conducted by 

representatives from each group. While 

developing a program logic or theory of change 

may also be useful, it requires explicit and 

significant time to be devoted to it.  

Brainstorming on products 

The differences in level and diversity of 

methodological knowledge was probably more 

significant than anticipated, which made it difficult to 

discuss what useful products may look like. We had 

originally envisioned a somewhat more detailed 

mapping of challenges and specific solution 

techniques as a main product. Instead (and usefully!), 

we tended to focus more on bigger picture problems, 

due to the distribution of knowledge and institutional 

experience in the group, lack of details in the case 

study, and the problem tree exercise highlighting that 

technical solutions were only a part of the challenge.  

Implications: A more detailed pre-workshop 

survey with self-assessment of uncertainty 

“literacy” may have helped identify 

knowledge gaps (to fill them during the 

workshop). More homework pre-workshop 

may also have helped, although we 

recognize it is difficult to expect too much 

from participants on their discretionary 

time. 

 

4 OUTCOMES 

While potential solutions to challenges were loosely 

tracked and mapped throughout the workshop via 

live-editing of spreadsheets, the suggested outcomes 

were developed by breaking out into small groups 

according to major branches of the problem tree 

(following an initial elicitation of how different 

participants may be able to contribute after the 

workshop): The Incentives branch, the 

Communications sub-branch, and the ‘It’s hard for 

analysts and practitioners’ branch. Each group 

brainstormed ideas about how to address the 

problems within their branch and reported back 

initial ideas in plenary, and then returned to further 

flesh out details, including approximate timelines, 

required resources, audience of product, etc. The 

session ended in plenary stepping through each 

potential solution/outcome and (where possible) 

assigning responsibility for the both the immediate 

next step, and the long-term outcome.  

The outcomes are summarized in Table 2. Before 

finalizing this report, we provided opportunity to 

reflect on potentially missing outcomes, or shuffle 

responsibility for different outcomes to all group 

members, especially those who were unable to join 

for the final day of the workshop when these were 

decided.   

Some outputs are related to “easy” and near-term 

actions like webinars to encourage information 

sharing, getting more accessible versions of academic 
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resources onto the web, and an opinion piece to seed 

the importance of uncertainty in ES. Longer term 

outputs (eg, policy working paper and a journal 

special issue) provide an evidence base for the value 

of uncertainty for scientists and decision makers, and 

guidance on how to better conduct it. 
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Table 2. List of planned products emerging from the workshop. Timeline is given for reference only (please contact 

the authors for additional details on latest implementation status), with short term implying a start date in the 3 

months following the workshop. PIK refers to “partial in-kind” contributions of time secured to develop the product, 

while “RR” indicates resources are required and yet to be identified. 

 

Product Problem addressed Audience Timeline 

First draft of web resource 
organizing existing guidances and 
key reference articles 

Inadequately organized 
guidance and techniques 

Practitioners and applied 
academics Short term 

Maintenance and enhancement of 
web resource 

Inadequately organized 
guidance and techniques 

Practitioners and applied 
academics  [PIK, RR] 

Organizing webinars among 
practitioner networks 

Knowledge and perceptions of 
uncertainty among practitioners 
are very heterogeneous 

Workshop participants 
and their networks Short term 

Short opinion piece highlighting 
importance of uncertainty 
consideration 

Lack of incentives -- people 
don't realize it is important 

Academics and 
academically plugged-in 
practitioners Short term 

Scoping paper --  
“horizon scanning” paper finding 
uncertainty considerations among 
key issues facing ES 

Lack of incentives -- people 
don't realize it is important 

Academics and 
academically plugged-in 
practitioners [RR] 

Joint working paper synthesizing 
lessons learned from workshop 
and highlighting guidance, next 
steps 

Lack of incentives -- people 
don't realize it is important + 
lack of awareness of resources 

NESP, NGOs, etc 
[practitioners and their 
audiences] Medium term 

Special issue of exemplary 
papers* 

Inadequately organized 
guidance AND lack of compelling 
utility 

Scientists and 
academically connected 
analysts Medium [PIK, RR] 

Building training material --  
Integration of (partially existing) 
small uncertainty modules into 
other training materials 

Inadequately organized 
guidance and techniques 

Practitioners and applied 
academics [RR] 

Building training material -- Major 
collection of materials dedicated 
to the topic  

Inadequately organized 
guidance and techniques 

Practitioners and 
academics (e.g. those who 
teach) [RR] 

Review of ways to communicate 
uncertainty in spatial products 

Spatial aspect of ES makes 
uncertainty difficult to 
communicate ES scientists Medium term 

* It was noted that such issue could also contain some highly relevant, plain English methods papers. Environmental 

Modeling and Software has started publishing such papers, known as “Introductory Overviews”. 
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5 CONCLUSIONS 

We summarize here the main lessons with respects to 

each of the workshop goals: 

i) Identify and improve the accessibility of uncertainty 

assessment tools and approaches that have direct 

applicability to ES studies 

Lessons: Knowledge and perceptions of 

uncertainty among practitioners are very 

heterogeneous, which may explain the demand 

for specific guidance on uncertainty assessment 

from the ES community. In addition, the 

absence of success criteria for uncertainty 

assessment seems confusing for analysts and 

decision-makers. 

Products: Creating a web resource pointing at 

available techniques and guidance material; 

Building training material for ES practitioners 

and academics; Compiling a review of methods 

for communicating uncertainty in spatial 

disciplines.  

ii) explore ways to cultivate demand for uncertainty 

assessment in ES studies (from decision-makers and 

analysts), including the potential role for best 

practices or “standards” 

Lessons: The lack of clear examples of when 

uncertainty analyses have influenced the 

decision process may explain the low demand 

for uncertainty assessment. Standard ways of 

dealing with specific uncertainty questions (e.g. 

future climate) may help in harmonizing 

products and increasing demand. 

Products: A special issue compiling case studies 

that exemplify the importance of uncertainty 

assessment in ES projects; Opinion piece and 

papers to motivate academics and practitioners. 

No product addressed the questions of 

standards (see below). 

iii) identify future research and tool development 

necessary to overcome remaining barriers 

Lessons: A number of lessons and products 

above point to research needs: for example, the 

idea of implementing standards necessitates 

further research to identify where and how 

these standards should be developed. 

Products: An opinion piece for researchers on 

lessons learnt and research needs emerging 

from the workshop. No product was explicitly 

related to tool development since we generally 

did not discuss uncertainty challenges at that 

level of specificity. 

Overall, we found that organizing information on the 

“how” and “why” of uncertainty analysis for ES, while 

by no means sufficient, is indeed a necessary step to 

improving uptake by analysts and demand by decision 

makers and other stakeholders. We look forward to 

the next year as members of the workshop, ourselves 

included, work to implement the identified products 

that address this critical need.     
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APPENDIX A. WORKSHOP AGENDA 

Day 1 

9:00 Introductions and opinions 

9:20 Setting the stage: Overview of workshop, webinar lessons, and uncertainty frameworks  

9:40 Making challenges concrete: Examples from the real world 

● The consulting firm experience: Diana Lane, Abt Associates 
● Working internationally for local implementation: Juan Se Lozano, Independent Consultant 
● Large NGO’s working with national governments: Nirmal Bhagabati, WWF 

10:15 Mapping back to previously solicited challenges 

10:30 Coffee 

10:50 Going meta: Experience and challenges in addressing challenges 

● Modeling and engagement frameworks that consider uncertainty: Simon Willcock (Scotland’s Rural 
College) and Ken Bagstad (USGS)   

● Deep uncertainty and bottom-up approaches to decision making: Guillermo Mendoza, Institute for 
Water Resources, US Army Corps of Engineers 

11:30 Let’s get formal: Creating a problem tree and first steps toward a taxonomy of challenges 

12:30 LUNCH  

13:30 What solutions are out there? Considering uncertainty in ESA’s from two perspectives 

● Anthony Jakeman (Australian National University): Overview of recent efforts on IEM modeling best 
practice 

● Lydia Olander (Duke University): Overview of development and reception of best practice guidance for 
ES modeling 

14:15 Guidance and beyond: Initial thoughts on products and prioritizing challenges to address -- problem tree 
popplet: http://popplet.com/app/#/3594326 

14:45: Case studies: Introduction to the exercise, and background on the first case study (Upper Tana-Nairobi 
Water Fund) 

15:30 Coffee 

15:45: Group work on Tana case study 

16:45 Stock-taking and reflections on workshop so far 

http://popplet.com/app/#/3594326
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Day 2 

9:00 Welcome back and group work on case studies 

9:40 Presentations of uncertainty workplans for Tana case study 

10:30 Coffee 

10:45 Discussion and lessons from Tana case study 

11:15 Introduce case study #2: Coastal protection 

11:30 Group work on coastal protection case study 

12:30 Lunch 

13:30 Finalize presentations of uncertainty workplans for Coastal Protection 

13:50 Presentations of uncertainty workplans for Coastal Protection 

14:45 Discussion and lessons 

15:30 Coffee 

15:45 Small group activity: Assessing case study implications for how best to improve uncertainty assessment in 
ES practice 

16:30 Reconvening: Compare and contrast group assessments, with implications for workshop products 

 

Day 3 

9:00 Welcome and refresher of Day 2 

9:15 Discussion on knowledge products 

10:30 Coffee 

10:45 Small group work on workshop product concept notes 
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11:45 Reconvening 

12:30 Lunch 

13:30 Work on products  

15:30 Coffee and thank yous! 

 

15:45 Bonus time -- self-determined further group work on concept notes, workplans, or other collaboration 
possibilities.  

 

APPENDIX B. LIST OF PARTICIPANTS 

 

Last Name First Name Affiliation Primary Area of Expertise 

Bagstad Ken 

Research Economist, Geosciences & Environmental 

Change Science Center, US Geological Survey Ecosystem services 

Bhagabati Nirmal 

Forest Team and Natural Capital Project, World 

Wildlife Fund Ecosystem service assessment 

Bryant Benjamin Natural Capital Project, Stanford University Policy and economic analysis 

Chung Jae United States Army Corps of Engineers Environmental planning 

Hamel Perrine Natural Capital Project, Stanford University Hydrology 

Jakeman Anthony 

Integrated Catchment Assessment Management 

Center, Fenner School of Environment and Society, 

Australian National University 

Integrated assessment and 

modeling 

Lane Diana 

Environment and Natural Resources Division, Abt 

Associates Ecological restoration 

Lim Michelle Griffith University, Law School Environmental law 

Lipton Doug National Oceanic and Atmospheric Administration Economic valuation of ES 

Lonsdorf Eric Institute on the Environment, University of Minnesota Ecological modeling 

Lozano 

Juan 

Sebastian 

Independent consultant (former staff at The Nature 

Conservancy) Ecosystem services 

Mendoza Guillermo United States Army Corps of Engineers Civil engineering 
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Olander Lydia 

Ecosystem Services Program, Nicholas School of the 

Environment, Duke University Ecosystem services 

Oleson Kirsten 

Department of Natural Resources and Environmental 

Management, University of Hawai'i Manoa Ecological economics 

Posner Stephen 

COMPASS [science communication and policy 

engagement consulting], and University of Vermont 

Use of ecosystem services 

knowledge in decision making 

Schulp Nynke 

Researcher/Assistant Professor, Faculty of Earth and 

Life Sciences, Vrije Universiteit Amsterdam Spatially explicit ES, ES demand 

Valencia Jefferson International Center for Tropical Agriculture (CIAT) Hydrologic modeling and ES 

Willcock Simon 

Ecosystem Services for Poverty Alleviation Project, 

University of Southampton Ecosystem services 

 

 

APPENDIX C. CHALLENGES AND SOLUTIONS TO UNCERTAINTY ANALYSES LISTED 

DURING THE WORKSHOP 

Table C1. List of challenges to uncertainty assessment as informally expressed by workshop participants, categorized 

by high-level challenges.3 

“High-level” challenge Specific concerns from workshop participants 

Lack of support and 
incentives from institutions 

“Environmental ministries (or other government agencies) are bound by 
regulatory or constraints decisions.” 
“Scientific journals do not in the main provide practical support for authors and 
reviewers to perform/assess the adequacy of UA” 
“Hard to promote uncertainty and adaptive management in a static/firm 
governance environment” 

There is too little guidance on 

how to organize and conduct 

uncertainty assessment 

“There’s no clear goal or metric of success for uncertainty assessments, e.g. it’s 
difficult to tell if using relative results convincingly addresses large uncertainty in 
absolute results” 
“Decision makers don't actually have a clearly defined research question” 
“Analysts don’t know enough about uncertainty analysis requirements until 
delving deeper into the modeling (and then it's ‘too late’)” 
“It’s hard to choose how to incorporate uncertainty when model inputs are 
outputs of other modeling groups that may have different biases” 
“It’s hard to select the best model for the study’s purpose” 
“It’s hard to understand and communicate different levels of uncertainty for 
different time scales (e.g., annual or subannual) or spatial scales of analysis” 
“It’s unclear if decision-analytic is a good framing for all audiences as way to 
prioritize uncertainty” 

                                                                 
3 Quotations represent thoughts raised at the workshop or during pre-workshop webinars, in writing or during 
discussion. In some cases they have been edited for clarity by the authors of this report. 
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“It’s difficult to identify/differentiate what uncertainty matters and what not” 

Uncertainty assessment takes 

time and is [technically] 

complex 

“There are multiple places for uncertainty to compound in coupled systems, and 
widely varying levels of uncertainty across models” 
“Model structures may not easily incorporate variation in parameter values (e.g., 
avg costs)”  
“We lack methods to extract parameter distributions from multiple studies [meta 
analysis/weighting]” 
“It’s hard to handle conflict over prior probabilities in Bayesian approaches” 
“Navigating differences in spatiotemporal resolution & data quality is 
challenging” 
“We poorly understand which climate models can be used to project which ES-
relevant variables” 

Scarce and poorly 

characterized data create too 

much uncertainty for the 

analyst to handle 

"It’s difficult to quantify baseline uncertainty on the current landscape (or initial 
conditions, or counterfactual)” 
“Lack of data prevents model calibration” 

Spatial data, often central to 

ES assessment, make it 

difficult to assess and 

communicate uncertainty 

“Power of maps conveys less uncertainty than exists” 
“Communicating multiple dimensions (ie, > 2) of uncertainty is difficult” 
“Synthesizing large amounts of information generated by uncertainty 
assessments is challenging”  

Perception that results from 

uncertainty assessment will 

not improve decisions 

“Decision makers don't care” 
“It's difficult to demonstrate if/how/when uncertainty assessments improve 
decisions or lead to ‘better’ decisions outcomes” 
“Uncertainty information can get stripped as products get summarized for higher 
and higher level decision makers” 
“Skepticism of utility of IEM/ES modeling (and insistence on more and more 
science) because of uncertainty” 
“Better to be approximately right than exactly wrong, and not doing any modeling 
at all seems like it could result in pretty wrong assessments” 

Stakeholders and scientists 

have different perceptions of 

uncertainty which prevent 

productive and transparent 

dialogue 

“Decision-makers respond to types of uncertainty/risks in different ways (i.e. 
response to diffuse, long-term climate threats vs. acute, immediate terrorism 
threats; large vs. small, gains vs. losses - e.g., Kahneman prospect theory)” 
“Uncertainty assessment will undermine the results in the eyes of the decision 
maker” 
“It’s hard to generate messages about uncertainty that aren't too complex for 
decision making” 
“Differences between command and control versus incentive structure” 
“People buy-in too much to the model” 
“Handling and addressing roles of different institutions in a decision process” 
“There are a variety of languages used even within scientific community” 
“How to communicate uncertainty? Probability distributions, odds ratios, 
categories of confidence (like IPCC), etc.” 
“What is the best way to communicate uncertainty for different kinds of decision 
context or potential use of the information?” 
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Perception that uncertainty 

assessment is not necessary 

for exploratory or index-

based modeling 

[No specific comments, but also not a primary directed topic of conversation] 

 

 

Table C2. Solutions used by the participants when building the uncertainty assessment “work plans” for each case 

study 

Type of challenge addressed Solutions 

Uncertainty assessment takes time 
and is [technically] complex 

Analytical techniques: 

● Error propagation (for deterministic models), e.g. either 
analytically or through (pseudo) Monte Carlo analysis 

● Ensemble modeling with climate scenarios 
● Multi-model approaches to assess model structural uncertainty 
● Bayesian network approaches [belief/decision network] 

Use relative and/or categorical values for effects on outcomes of drivers 
instead of absolute/numerical magnitudes 

Structural learning for Bayesian modeling (based on Bouckaert, 2008, 
available here: http://www.cs.waikato.ac.nz/~remco/weka.bn.pdf 

Hindcasting to assess model performance 

There is too little guidance on how 
to organize and conduct 
uncertainty assessment 

Use of pre-defined climate change scenario data 

Standardized ways of dealing with uncertainty (e.g. overfishing targets, or 
IPCC scenarios) 

Rapid prototyping of solution to identify likely products and uncertainty 
questions early in the project 

Stakeholders and scientists have 
different perceptions of 
uncertainty which prevent 
productive and transparent 
dialogue 

Communication: 

● Cartoon diagrams e.g. with made-up locations of coral reefs (or 
disappearance of coral reefs) 

● Spider diagrams of past/current model performance 
● Dynamic visualization of the effect of key model variables on 

outputs (e.g. sediment loads, or economic returns) 
Education on what a model is 

Discussion with stakeholders and modelers to identify main external drivers 
(e.g. "Sound sleep" threshold approach, where stakeholders share what 
would keep them up at night) 

Scarce and poorly characterized 
data create too much uncertainty 
for the analyst to handle 

Conduct social surveys to obtain empirical data for socio-economic models 
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APPENDIX D. CASE STUDIES  

 

Case study 1: (See details in TNC, 2015)  

We analyze the impacts of investments in sustainable land use practices on ecosystem services in the Upper Tana 

basin, Kenya.  This work supports implementation of the Upper Tana-Nairobi Water Fund, a public-private 

partnership to safeguard ecosystem service provision and food security. We apply an integrated modelling 

framework, building on local knowledge and previous field- and model-based studies, to link biophysical landscape 

changes at high temporal and spatial resolution to economic benefits for key actors in the basin. The primary 

contribution of this study is that it a) presents a comprehensive analysis for targeting interventions that takes into 

account stakeholder preferences, local environmental and socio-economic conditions, b) relies on detailed, 

process-based, biophysical models to demonstrate the biophysical return on those investments for a practical, 

decision-driven case, and c) in close collaboration with downstream water users, links those biophysical outputs 

to monetary metrics, including: reduced water treatment costs, increased hydropower production, and crop yield 

benefits for agricultural producers in the conservation area. This study highlights the benefits and trade-offs that 

come with conducting participatory research as part of a stakeholder engagement process: while results are more 

likely to be decision-relevant within the local context, navigating stakeholder expectations and data limitations 

present ongoing challenges. 

 

 
Figure 1 (from Vogl et al 2016): Overall modelling approach linking the spatial prioritization tool RIOS, impact 

assessment model SWAT, and return on investment (ROI) analysis. 

 

 

Case study 2: (See details in Arkema et al. 2013) 

Extreme weather, sea-level rise and degraded coastal ecosystems are placing people and property at greater risk 

of damage from coastal hazards. The likelihood and magnitude of losses may be reduced by intact reefs and 

coastal vegetation, especially when those habitats fringe vulnerable communities and infrastructure. Using five 

sea-level-rise scenarios, we calculate a hazard index for every 1 km2 of the United States coastline. We use this 

index to identify the most vulnerable people and property as indicated by being in the upper quartile of hazard 

for the nation’s coastline. The number of people, poor families, elderly and total value of residential property that 

are most exposed to hazards can be reduced by half if existing coastal habitats remain fully intact. Coastal habitats 

defend the greatest number of people and total property value in Florida, New York and California. Our analyses 

deliver the first national map of risk reduction owing to natural habitats and indicates where conservation and 

restoration of reefs and vegetation have the greatest potential to protect coastal communities. 
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Figure 2 (from Arkema et al. 2013): Exposure of the US coastline and coastal population to sea-level rise in 2100 

(A2 scenario) and storms.Warmer colours indicate regions with more exposure to coastal hazards (index >3:36). 

The bar graph shows the population living in areas most exposed to hazards (red 1 km2 coastal segments in the 

map) with protection provided by habitats (black bars) and the increase in population exposed to hazards if 

habitats were lost owing to climate change or human impacts (white bars). Letters on the x axis represent US state 

abbreviations. Data depicted in the inset maps are magnified views of the nationwide analysis. 

 

References: 

TNC, 2015. Upper Tana-Nairobi Water Fund: A Business Case. Version 2. Nairobi, Kenya. 

Arkema, et al., 2013. Coastal habitats shield people and property from sea-level rise and storms. Nat. Clim. Chang. 

3, 913–918. 
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APPENDIX E. PROBLEM TREE 

 

 

                  

 

MACRO VIEW OF PROBLEM TREE DEVELOPED WITH WORKSHOP PARTICIPANTS 

Upper branches represent basic categories of causes, while lower-level boxes (“leaves”) represent 

sub-problems that were deemed precise enough to help identify specific and actionable solutions. 

A dynamically viewable version of the tree is available at http://popplet.com/app/#/3594326 . 

http://popplet.com/app/#/3594326

