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ARTICLE INFO ABSTRACT

Keywords: Farmers’ agricultural practices in Vietnam are highly sensitive to weather, climate variability and climate
Cost-benefit analysis change. The lack of timely and actionable climate-informed agricultural advice leads to significant input and
Uncertainty

yield losses, which can render investments in farming unprofitable. Development organizations in Vietnam have
provided agro-climate services (ACS) to smallholder farmers on a limited scale. They advocate for the govern-
ment to consider upscaling the provision of ACS, but a large-scale roll-out could strain the government’s financial
and human resources. Evaluating the merits of climate services is challenging, because weather and climate risks,
as well as the benefits that information services may provide, cannot be derived from robust existing datasets or
predicted with certainty.

CARE in Vietnam, a non-government organization, has provided ACS in two communes in Dien Bien District
since 2015 and they expect to upscale their intervention. In this study, we used a decision analysis approach to
develop conceptual models and probabilistic simulations to conduct an ex-ante cost-benefit analysis of four
candidate interventions aiming to scale ACS in Dien Bien District, Vietnam. Our analysis was conducted in
collaboration with CARE in Vietnam’s project staff, Dien Bien government staff and other experts. Our simulation
results indicated a very high chance (98.35-99.81%) of the ACS interventions providing net benefits. With 90%
confidence, investments in ACS would return benefits between 1.45 and 16.02 USD per 1 USD invested. Our
framework offers a foundation for the design, implementation and evaluation of ACS. The cost-benefit analysis
provides support to the government’s potential decision-making process and suggests replacing deterministic
with probabilistic approaches when analyzing uncertain and complex decisions in development planning.

Probabilistic modeling
Decision analysis
Agriculture

Climate change

challenging due to a lack of usable data and considerable un-
certainties and risks.

e We employ decision analysis, which is an interdisciplinary
approach aiming to support decision-making in an uncertain,
complex environment, to analyze the costs and benefits of four
ACS scaling investment options in Dien Bien District, Vietnam.
The results from our simulations show, with very high certainty
(98.35-99.81 %) that the benefits will outweigh the costs in four
investment scenarios. Our model outcomes indicate that the
four ACS interventions could provide net benefits in a range
from 0.23 to 4.90 million USD (90 % confidence interval). This
means that per 1 USD of additional investment, ACS will accrue
additional benefits ranging from 1.45 to 16.02 USD over a five-
year planning horizon. The benefits include economic returns of
improved farm production practices, environmental impact and
gender equality. The government should go ahead with any of
the four investment scenarios.

Practical implications

e Agricultural practices and outcomes are strongly impacted by
past and present weather and climate. Future climate change is
expected to raise the frequency and intensity of weather ex-
tremes and increase climatic variation. Climate services support
the agricultural sector in coping with increasing uncertainty
about production conditions, yet such services require
financing. To justify the investment, there is a need for scientific
evidence to help demonstrate the chance that the benefits of
agro-climate services (ACS) to the public and investors
outweigh their costs. Such evidence is needed as a basis for
development planning. However, the valuation of ACS has been
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e From the design and analysis of these interventions, we have
drawn some key lessons and recommendations to policy-makers
regarding planning, investing in and managing ACS. We have
also outlined key principles that should be considered by prac-
titioners when designing, implementing, monitoring and eval-
uating ACS.

For policymakers

e There is a mismatch between real-life uncertain, complex agri-

cultural system challenges and the legally mandated and

dominant use of deterministic and disciplinary approaches in
development planning.

Traditional agricultural research largely relies on agricultural

problems and observations without direct analysis of decision-

making. This practice potentially leads to a critical knowledge
gap in decision-making processes.

o Decision analysis offers various advantages in supporting agri-
cultural decision-making in variable weather and climate con-
texts. Governments and donors should consider using this
probabilistic approach, which is suitable for decision-making
and investment planning under uncertain and complex
conditions.

e ACS requires partnership with multiple stakeholders, including
researchers, farmers, agricultural input suppliers, traders and
media, as well as inter-sectoral cooperation and inter-
government-level cooperation. Ensuring good governance of
ACS will facilitate the establishment and effective operation of
ACS.
Relatively high up-front costs in the first year(s) of investment
and expenses for weekly and seasonal deliveries of ACS advice
suggest that ACS are resource-intensive in terms of human and
financial capital, particularly at the beginning. Yet once the
system is in place, the follow-up investments are low. Decision-
makers should consider the long-term outlook of investments.

ACS can help farmers respond to variable weather and climate

conditions. However, some losses and damages are beyond the

scope of ACS. The government should also invest in infra-
structural solutions, social protection, sustainable agriculture
development and market linkage.

For practitioners

e Systemic nature: ACS should not be singularly focused on
climate and agriculture but also consider and address social and
environmental aspects to generate multidimensional benefits.
Effectiveness: Reaching the “last mile” requires strong partner-
ship along the value chain and the removal of economic and
social barriers (e.g. language, communication and inputs) to
ensure that the information produced is actionable. Ex-ante
evaluation of ACS is needed. However, ex-post evaluation of
ACS has also rarely been done. Therefore, stakeholders should
also prioritize this area of work.

Adaptiveness: ACS might require adaptation for specific

households and local contexts. The aim of ACS should not just be

to improve the quality of the forecasts and advisories but also to
raise the capacity to manage the uncertainty of forecasts and
advisories.

e Probability: The expert calibration technique is feasible and
beneficial to supply reasonable estimates in data-scarce, highly
uncertain and risk-prone environments. Value of information
assessments can indicate where research efforts to close
knowledge gaps may be most efficiently directed to high-value
variables.

1. Introduction

Agricultural practices are affected by extreme weather events,
climate variability and climate change (FAO, 2015; Gornall et al., 2010;
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IPCC, 2014). In developing countries, the agriculture sector has been
estimated to suffer losses around 25 % through the impacts of droughts,
floods, hurricanes, typhoons and cyclones (FAO, 2015). Worldwide,
about 32-39 % of the variation in yields of major crops has been
attributed to climate variability, with large differences across
geographical areas (Ray et al., 2015). Global climate change impacts on
crop yields vary across regions, yet impacts tend to be negative more
often than positive (FAO, 2016; IPCC, 2014; Rosenzweig et al., 2014).
Climatic conditions (e.g. temperature, rainfall) also serve as a produc-
tion factor in agricultural systems. It is thus crucial for agricultural
decision-makers to incorporate climate-related risks and to consider the
opportunities for agricultural production brought by climatic conditions
(FAO, 2019; Nguyen, 2017; O’Grady et al., 2020).

One important solution that has been applied to make climate and
weather information available to agricultural users (e.g. farmers,
extension workers and policy makers) is the provision of agro-climate
services (ACS). In our study, we refer to definitions of both the
Climate Services Partnership (2019) and the World Meteorological Or-
ganization (2019a), interpreting ACS as a value chain that comprises
four main components: (1) production of information on weather and
climate, (2) translation of weather and climate information into agri-
cultural advice, (3) transfer of weather information, climate information
and agricultural advice to agricultural users and (4) use of weather in-
formation, climate information and agricultural advice by agricultural
users. The prefix “agro” signifies that advice is both targeted towards an
agricultural audience and that it refers specifically to agricultural
decision-making. In addition, the ACS also include other integral parts:
(1) capacity building of actors engaging across the value chain, (2)
gender integration to promote gender balance in the value chain and
gender equality in accessing and benefiting from agro-climate services
among end-user farmers, (3) ensuring good governance of the ACS value
chain, (4) monitoring and evaluation of the inputs, outputs and impacts
of the ACS.

Agro-climate services provide benefits for agricultural planning and
management (Nabati et al., 2020; Nguyen, 2017; WMO, 2003). Agro-
climatic zoning, for example, can support selection of climate-adjusted
crops and management practices (Higgins and Kassam, 1981; Nabati
et al., 2020; WMO, 2003). Rainfall, temperature and solar radiation
resources, to a certain extent, can be managed and used properly to
support optimal agricultural production (FAO, 2019; Nguyen, 2017;
O’Grady et al., 2020). The effective operation of ACS, however, requires
climate services to provide timely, fine-grained and reliable communi-
cation of weather information, climate forecasts and advice, including
associated uncertainties (CARE, 2018; Mullins et al., 2018; Simelton
et al., 2019; WMO, 2013). Implementation of ACS requires awareness
and integration of social, environmental, cultural, technological, mar-
ket, gender and governance aspects (CARE in Vietnam, 2020; Duong
et al., 2020; FAO, 2019; McKune et al., 2018; WMO, 2019b, 2019a,
2013), which can either hinder or facilitate ACS operation. Ensuring the
effective operation of ACS in a complex and dynamic system may
require high investment costs that might outweigh the benefits, which
are difficult to quantify. This concern is exacerbated by the challenge
that Vietnam’s state resources can only provide 30 % (estimation for
2021-2030) of the finance needed for climate change adaptation (The
Socialist Republic of Vietnam, 2020). Given the limited resources and
the uncertainty in the costs and benefits of ACS, comprehensive social
cost-benefit analyses of the services are crucial to supporting ACS in-
vestment decisions.

Despite its importance and recent progress, valuing the socio-
economic impacts of climate services is still the weakest area across
the climate service value chain, particularly at the local level (Clements
et al., 2013; Perrels, 2020; WMO, 2019b). Key weaknesses that remain
in valuing climate services and particularly ACS are a lack of usable,
unbiased data on economic, social and environmental benefits of climate
services (Clements et al., 2013; Perrels, 2020), as well as ways to esti-
mate residual damage that cannot be prevented by climate services
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(Stern, 2007). Evaluating the merits of climate services requires recog-
nition of numerous risks and uncertainties linked to, for instance, im-
perfections in weather and climate forecasts and ambiguity of resulting
advice (Ambani and Percy, 2014; Clements et al., 2013; Katz and Lazo,
2011; Nurmi et al., 2013; Perrels, 2020; Pilli-Sihvola et al., 2014; WMO,
2015). Adoption rates by farmers are difficult to predict due to uncertain
effects of information access, market dynamics, availability of agricul-
tural inputs and decision-making processes at the community level and
within households (e.g. power relations between men and women)
(Ambani and Percy, 2014; Perrels, 2020; Pilli-Sihvola et al., 2014;
Rogers, 2003). One of the critical recommendations for future research
is to purposefully choose valuation methods that consider the lack of
usable data (Perrels, 2020) and incorporate risks and uncertainties
(Clements et al., 2013; WMO, 2015).

Decision analysis is an interdisciplinary approach that employs both
participatory methodologies and probabilistic modeling techniques to
support decisions on complex agricultural systems, in data-scarce, un-
certain and risk-prone environments (Lanzanova et al., 2019). While
Howard and Abbas (2015) have established the foundations for the
methods, the Applied Information Economics principles (Hubbard,
2014) provide the key ingredients for the decision analysis approach
taken in this study. Decision analysis aims to integrate knowledge and
systems thinking to capture the current state of system understanding,
without assumptions of certainty (Luedeling and Shepherd, 2016).
Given the state of system knowledge, strategies to identify and prioritize
critical knowledge gaps that should be narrowed might be performed
until system understanding is sufficiently advanced to support decision-
making (Lanzanova et al., 2017; Luedeling and Shepherd, 2016).
Compared to in-depth disciplinary and deterministic approaches, the
analysis might be rather coarse, in particular where data availability is
poor. The level of detail, however, is exchanged for a more compre-
hensive analysis that includes important factors that are often omitted.
Decision analysis therefore constitutes a more reasonable foundation for
decision-making than data-driven analyses that only partially capture
the system of interest (Luedeling and Shepherd, 2016).

Decision analysis concepts and methods have been used to support
decisions in computer science, insurance, business management, natural
resource management and other fields (Hubbard, 2014; Luedeling and
Shepherd, 2016). Recently, decision analysis has been applied in various
ex-ante assessments in development and agriculture contexts, including
water supply assessment (Luedeling et al., 2015), reservoir sediment
management (Lanzanova et al., 2019), agricultural policy impact
assessment (Whitney et al., 2017), agroforestry system valuation (Do
et al., 2019), disease management strategies for heather growers (Ruett
et al., 2020) and law enforcement (Nascimento et al., 2020).

Here we demonstrate the use of decision analysis in performing ex-
ante evaluation of the proposed interventions for scaling agro-climate
services in Dien Bien District, Vietnam.

2. Background of the study
2.1. Dien Bien District

Dien Bien District is located in the Northwest of Vietnam. The district
has a population of around 100,000 people belonging to seven ethnic
groups (Dien Bien People’s Committee, 2015). While the written lan-
guage in the district is mainly Kinh, local populations usually commu-
nicate in several other languages.

Dien Bien has a tropical monsoon climate, characteristic of the up-
lands of the Northwestern region of Vietnam. While winters are rela-
tively cool, summers are hot and rainy (Dien Bien People’s Committee,
2015). According to data from the Vietnam Institute of Meteorology,
Hydrology and Climate Change, the average annual rainfall, in the
period from 1961 to 2018, was 1562 mm in Dien Bien District. In that
same period, the average annual temperature was 22.17 °C, with an
increase by 0.75 °C between 1961-1990 and 1991-2018. Dien Bien is
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expected to continue experiencing temperature increases (Tran et al.,
2016). According to unpublished baseline data of the ACS project run by
CARE in Vietnam , several adverse weather and climate events can be
damaging to local agricultural productivity. These adverse conditions
include droughts, hailstones, floods, flash floods, whirlwinds, landslides,
hoar frosts, cold spells, early onset of the rainy season and extended
rainy seasons.

Dien Bien District has two sub-regions, the upland (>1000 m a.s.l./
above sea level) and the lowland (400 to less than 1000 m a.s.l.) (Dien
Bien People’s Committee, 2009). The district’s poverty rate was 17 % in
2018 (Dien Bien People’s Committee, 2019). Agriculture is practiced by
a majority of households in Dien Bien, constituting a crucial source of
income for them (Agrifood Consulting International, 2006). Women in
Dien Bien experience gender inequality due to limited access to infor-
mation, unequal labor division and the general dominance of men in
making major decisions (CARE in Vietnam, 2013; Duong et al., 2020).

2.2. Rice cultivation and cattle raising in Dien Bien District

Rice production and cattle raising in Dien Bien are vulnerable to
adverse weather and climate events as well as to improper agronomic
practices. According to our interviews with representatives from the
Dien Bien Division of Agriculture and Rural Development (August
2019), about 80 % of households in Dien Bien grow rice. In the lowland,
rice production is mostly market-oriented, while upland farmers often
grow rice for subsistence. Farmers experience losses in rice yields and
agricultural inputs every year. Seasonal change and extreme weather
events often prevent farmers from optimal scheduling of agricultural
operations. Early-onset of the rainy season, droughts and cold spells
constrain farmers’ options when it comes to shifting crops, selecting
seeds, determining sowing time and choosing sowing techniques. Erratic
rainfall and hot spells cause fertilizer and pesticide losses when farmers
apply agricultural inputs shortly before such weather events. Hailstones,
flash floods, landslides and heavy rainfall can lead to complete crop
failure. On the other hand, farmers apply synthetic fertilizers and pes-
ticides, often overusing these inputs. ACS could help farmers understand
and manage weather and climate uncertainties. ACS also provides
advice on crop type. For example, if the seasonal forecast shows a high
chance of drought, farmers are advised to shift from rice to drought-
tolerant crops. ACS can also cover seasonal and weekly forecasts and
provide climate-sensitive advice on seed type, sowing time, sowing
technique, water management, fertilizer and pesticide use and harvest.

About 30-40 % of farm households keep cows and buffaloes, either
in stables or free-ranging. Free-ranging livestock is often outside in the
rice fields and forests, and they can freeze to death during cold spells,
particularly in the upland forests. ACS can advise farmers not to send
cattle outside to avoid these losses. Through ACS, farmers are also
advised about stable design and protection during winter. Other advice
includes recommendations about when to prepare fodder for winter,
when to feed, how to ensure nutrition in winter and when and how to
treat diseases.

2.3. Agro-climate services in Dien Bien and CARE in Vietnam’s
interventions

While the meteorological station at the provincial level releases
seasonal, weekly and daily forecasts as well as early warnings, dissem-
ination of weather forecasts to Dien Bien District has been mainly
restricted to daily forecasts and early warnings. The language used in the
forecasts often contains technical terms and uncertainties, which are
difficult for farmers to understand. Seasonal and weekly forecasts are
not tailored to local agricultural contexts or user preferences, and they
are not always available for agricultural planning and practice. This
hinders the translation of ACS weather and climate forecasts into
actionable agricultural advice.

Since 2015, the Non-Governmental Organization “Cooperative for
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Assistance and Relief Everywhere” (CARE) in Vietnam, has provided
ACS to smallholder farmers on a limited scale in two communes in Dien
Bien District, Vietnam. CARE in Vietnam’s projects aim “to enhance
livelihoods and increase the resilience to effects of climate change and
variability of poor ethnic minority women and men in rural areas”.
CARE facilitates interactions between weather forecasters and agricul-
tural staff to better align service provision with information needs on the
ground and to transfer ACS forecasts and advice to farmers. However,
until 2019 only two of Dien Bien’s 23 communes were covered by the
project. The project is expected to come to an end in early 2022 and
without the continuation of project support, it is quite unlikely that the
services will be maintained. CARE advocates for upscaling ACS in Dien
Bien, but a large-scale roll-out could potentially strain the government’s
financial and human resources. Decreasing the uncertainty about the
potential costs and benefits may increase the government’s willingness
to make the investments necessary to get ACS sustained and scaled in
Dien Bien. Ex-ante valuation of ACS, through the use of decision analysis
approaches, can support a better understanding of the costs, benefits,
uncertainties and risks involved in investments in ACS. We present such
an analysis to compare four potential ACS scaling intervention options
in Dien Bien. The work showcases a method for valuing climate services
and supporting decision-making for highly uncertain and risk-prone
investments.

3. Methods

3.1. Decision analysis for potential agro-climate services in Dien Bien
District

In agricultural contexts, Luedeling et al. (2015), Lanzanova et al.
(2017), Lanzanova et al. (2019) and Whitney et al. (2018) have provided
practical guides and protocols for decision analysis. While there are
some variations in the steps (e.g. the number of steps) described in these
methods guides, they describe a similar process (Fig. 1).

The decision analysis procedure typically starts with understanding
the decision context and the relevant stakeholders involved in the de-
cision. A decision is understood as a situation where decision-makers
have to choose between at least two alternative decision options
(Luedeling and Shepherd, 2016). Representatives of stakeholder groups
are selected as experts who participate in the decision analysis
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(Luedeling et al., 2015). Once the decision and the experts have been
identified, decision analysis provides tools to support the development
of a conceptual model outlining all the possible impacts of a decision.
This conceptual framework is expected to include all important model
variables, without concerns about data measurement constraints (Lan-
zanova et al., 2019, 2017; Whitney et al., 2018). Once the conceptual
framework is available, it is converted into a mathematical model.
Instead of attempting to precisely quantify all variables, which is often
impossible, the decision analysis approach aims to capture the current
state of knowledge on all model variables using secondary literature and
expert knowledge (Lanzanova et al., 2019; Whitney et al., 2018). To
improve the experts’ ability to express their state of uncertainty, they are
subjected to calibration training. This training supports experts in
gaining awareness of their potential biases and instructs them in stra-
tegies to reduce them (Hubbard, 2014). Calibrated experts provide
quantitative model inputs in the form of estimated distributions for all
variables. Based on these inputs, expected decision outcomes are
computed by using the mathematical model to run probabilistic simu-
lations (Lanzanova et al., 2019). If the expected decision outcomes
clearly differ between available decision options, it is often possible to
directly recommend a specific decision option with the current state of
knowledge. If the decision outcomes are unclear, sensitivity analysis can
help to reveal the input variables that are the most important predictors
of the variance in simulated outcomes (Luedeling and Gassner, 2012). In
case the decision outcomes remain unclear, the Expected Value of Per-
fect Information (EPVI) is calculated to suggest the monetary value that
a decision-maker should be willing to pay to obtain perfect information
on a specific variable (Hubbard, 2014; Strong et al., 2014; Thorn et al.,
2015).

Our study builds on existing decision analysis methods developed by
Luedeling et al. (2015), Lanzanova et al. (2017), Lanzanova et al. (2019)
and Whitney et al. (2018). In addition, we further detail the protocol in a
seven-step process (Fig. 2). We explicitly add step 3 “Characterize in-
terventions” to the protocol since we find that the decision identification
should constitute a separate step, because it is critical to understanding
the detailed implications of the decision. Furthermore, since we consider
decision analysis as a learning process, we add step 7 “Share results,
receive feedback” and acknowledge that iteration and critical reflection
will help us improve the approach.
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Fig. 1. Map of the agro-climate service research area, Dien Bien District, Vietnam.
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Expected outputs
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decision-makers are identifided
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Business model is identified with
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crop and analysis boundaries
List of expert team is confirmed

Comprehensive decision impact
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v
7. Share results,
receive feedback

* To identify areas for improving the Talk, workshop, personal
exchange
Update model, if needed

decision analysis approach and
the decision model o

Refine model, where possible

Improved approach
Model updated

Fig. 2. The seven-step decision analysis approach applied to support Vietnam’s Dien Bien government in a potential investment decision for sustaining and scaling
up agro-climatic services (ACS). Adapted from Luedeling et al. (2015), Lanzanova et al. (2017), Lanzanova et al. (2019) and Whitney et al. (2018).”

Step 1: Clarify potential decisions and decision-makers

We started the decision analysis process by gathering a general un-
derstanding of the problem related to sustaining and scaling ACS
through desk review and discussion with CARE staff. Subsequently, we
conducted one inception workshop with 20 participants, recruited from
the management board and technical staff of the CARE project, to define
the decision problem and decision-makers involved in the process of
upscaling ACS. The management board consisted of senior provincial
and district government decision-makers and the managers from CARE
in Vietnam and the Dien Bien Centre for Community Development
(CCD), which was CARE’s local non-government organization (NGO)
partner.

We also clarified if potential decision-makers would be available to
participate in the decision analysis process.

Step 2: Identify experts

We reviewed CARE in Vietnam’s project documents and previous
studies to understand the organization of the climate service system and
the potential stakeholders involved across the value chain. During the
inception workshop and two subsequent group discussions in Dien Bien,
we used the brainstorming technique (Yang et al., 2011) to identify
potential stakeholders. We interviewed stakeholder experts (Yang et al.,
2011) who had managerial experiences at the national level to recom-
mend other potential stakeholders.

Stakeholders were identified as individuals or groups who would
affect, would be affected by or would have an interest in the scaling of
ACS (Bourne and Walker, 2008; Freeman, 2010). Among identified
stakeholders, we selected experts to contribute to the decision assess-
ment and model building, based on their experiences related to ACS
implementation, as well as their willingness and availability to partici-
pate in the analysis process. We also considered the representation of
stakeholders across the ACS value chain. We interviewed and consulted
with experts, who were willing to participate in the analysis but did not
have enough time to participate in workshops as resource persons.

Step 3: Characterize interventions

Agro-climate services can be scaled in various ways, and no specific
option for scaling was defined in CARE’s project at the time we started
our study. We conducted a group discussion with 6 CARE project staff
and subsequently held two half-day workshops with 14 experts to
characterize and identify possible ACS scaling interventions.

Experts helped to define the business model of the proposed in-
terventions, considering their suitability for the local contexts, including
factors such as existing experiences, and local human and financial re-
sources. The boundaries of interventions included timeframe,
geographical location, crops and animals. Experts decided not to pro-
duce a separate baseline cost-benefit analysis of the current ACS in Dien
Bien. Instead, we only calculated new and additional costs and benefits
to identify the marginal return of the additional ACS interventions, as
indicated below

Net benefit ACS = New ACS benefit — New ACS investment costs (€D)]
in which

New ACS benefits = New climate damage avoided
+ New ACS associated benefits 2

After characterizing interventions, the detailed descriptions of ser-
vice implementation helped us to update the expert team to optimize the
team’s ability to evaluate the identified service.

Step 4: Generate a conceptual model

We held one focus group discussion with six CARE project staff and a
participatory workshop with 13 experts. To develop an impact pathway
and determine the costs and benefits of ACS, we used holistic model-
building procedures to ensure that the resulting conceptual framework
included all variables, interactions and details of the change process that
experts and stakeholders considered important (Springer-Heinze et al.,
2003; Whitney et al., 2018). We employed value chain analysis to
classify costs across the value chain. We considered the triple bottom
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line approach to comprehensively incorporate social, economic and
environmental benefits of the services (WMO, 2015).

Step 5: Develop a mathematical model

In this step, we conducted three key sub-steps to develop a mathe-
matical model. These steps included (1) building equations to calculate
costs and benefits and modeling patterns of variables, (2) expert cali-
bration training and (3) generation of data inputs.

Step 5.1: Building equations to calculate costs and benefits

We applied collaborative procedures were to build stochastic models
that included all variables and interactions considered important
regarding the intended outcomes of the potential ACS decision (Lanza-
nova et al., 2019). We converted the conceptual model into a mathe-
matical model, which was coded using functions of the decisionSupport
package in R (Luedeling et al., 2020), to calculate intermediate and final
outcomes. All the formulas and scripts are provided in the supplemen-
tary files and a separate public repository (https://doi.org/10.
5281/zenodo.6426967). During this conversion process, we modeled
temporal patterns of variables where needed. Here we showcase an
example of how we modeled the adoption pattern, which was vital in
determining ACS benefits.

We modeled the temporal pattern of ACS adoption according to the
diffusion of innovations curve by Rogers (2003) and the Bass model
(Bass’s Basement Research Institute, 2008). We adapted the prediction
of dynamic quantitative innovation adoption over time to the context of
ACS. Whereas Bass et al. (2008) originally predicted the adoption of a
product that was purchased once, we considered ACS as a free product
that was repeatedly produced and used.

Overall, experts expected a relatively high adoption rate in the first
scaling phase spurred by mass media, local events and information from
change agents. For the second scaling phase, experts predicted more
farmers to adopt ACS due to interpersonal communication. There are
chances of dis-adoption annually when forecasts are inaccurate or when
farmers fail to use ACS effectively. In the third phase, after the majority
of farmers have accessed, tried and verified ACS and exchanged feed-
back with peers, most farmers should have developed an opinion
regarding the usefulness of ACS for their agricultural operations. The
adoption rate is therefore projected to remain stable, as it reaches the
saturation phase. However, not all interventions may reach the satura-
tion phase within five years. Even when an intervention reaches the
saturation phase, the adoption of ACS among farmers may fail to reach
100 %.

We model the annual adoption rate of an innovation i as a two-step
procedure.

The adoption rate in year 1 is denoted as rys). For all subsequent
years t, the adoption rate ryy) is then iteratively defined as

Fitty = Tit=1) + Fip Fii—1) — Tid *Tig—1) 3

with ry,_1) being the adoption rate of intervention i in year t — 1t-1, ryp
being the annual adoption rate due to the interpersonal effect of the
intervention i and ry; the annual dis-adoption rate of intervention i.

Once the cumulative adoption rate reaches the saturated rate ry, it is
assumed to remain at this value.

Step 5.2: Expert calibration training

Experts can play a crucial role in generating knowledge in a data-
sparse and uncertain environment (Shepherd et al., 2015). Nonethe-
less, generating expert knowledge requires consideration of human
heuristics and cognitive biases. The intuitive system in the human brain
struggles to use statistics when making judgments. People tend to use
simple strategies to find solutions to complex problems (Kahneman,
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2011; Tversky and Kahneman, 1974). Individuals, including experts, are
commonly influenced by their biases when estimating their level of
knowledge, especially in quantitative terms (Hubbard, 2014; Kahne-
man, 2011). For example, experts tend to be overconfident in expressing
their knowledge. Their estimates can be anchored by recently observed
numbers or influenced by a vocal person (Hubbard, 2014; Luedeling and
Shepherd, 2016). As people are not naturally well-calibrated, methods
have been developed to support people in stating their uncertainties.
Calibration training is a useful technique for supporting experts in de-
biasing themselves before generating estimates (Hubbard, 2014).

We used sets of trivia questions to calibrate core experts, aiming for
them to accurately state 90 % confidence intervals that reflected their
state of knowledge. Between and during consecutive rounds of quizzes,
experts were introduced to techniques to enhance estimation skills, such
as the equivalent bet (Hubbard, 2014), Klein’s premortem (Klein, 2007),
exclusion of impossible values, asking countering questions (e.g. ask if
the opposite answers could be true) and reflection about cognitive biases
that can affect estimates. We introduced these key concepts of biases and
calibration to all our resource persons.

Step 5.3: Generation of data inputs

After the calibration training, we asked experts to provide their
subjective 90 % confidence intervals by specifying lower and upper
bounds for the input variables of the model. For example, experts were
90 % confident that the adoption rate for seed advice in the first year of
the intervention Weather station-SMS-Gender would be in the range
between 20 % and 30 %. All experts were also asked to identify the
expected probability distribution shapes (i.e. normal, positive normal,
uniform) of input variables. Before finalizing the estimates we verified
and updated all the data we received from experts by reviewing the
literature and secondary data sources and talking with further resource
persons where applicable. All input variable descriptions, data values
and distributions are available in the supplementary materials and in a
separate repository at 10.5281/zenodo.6426967.

Step 6: Simulate and analyze data

This step aims to convert probabilistic inputs into probabilistic out-
comes. To generate probabilistic inputs, we applied Monte Carlo simu-
lation to create large numbers of random data draws (10,000 model
runs) (Hubbard, 2014; Lanzanova et al., 2019). In each model run, one
possible value for every input variable was fed into the model’s math-
ematical functions (in Step 5) to generate one possible Net Present Value
(NPV). Results of all 10,000 model runs represented the plausible out-
comes of the decision (Lanzanova et al., 2019), illustrated as the prob-
abilistic distribution of NPVs given the current state of uncertainty. In
many cases, the combined outcomes of all model runs help to inform a
rational decision even under uncertain conditions. In other cases, the
overall outcomes do not provide sufficient information for decision-
making due to high uncertainty. In such cases, strategies for collecting
additional information can be derived by running a Projection to Latent
Structures (PLS) analysis between input and outcome variables and
evaluating the results using the Variable Importance in the Projection
(VIP) metric (Lanzanova et al., 2017; Luedeling et al., 2015).

The regression coefficient of the PLS model reveals the magnitude
and direction of the effect of each input variable (Luedeling and Gassner,
2012). The VIP score shows the significance of a variable in predicting
variation in the response variable (Akarachantachote et al., 2014; Wold
etal., 2001), meaning the NPV in our study. The value of the VIP score is
always greater or equal to 0. VIP score cut-off thresholds, which are used
to determine which predictor variables are relevant, vary across studies
that have used this metric (Akarachantachote et al., 2014; Chong and
Jun 2005; Cocchi et al., 2018). For our study, we applied the commonly
used cut-off threshold of VIP =1 (1 is the average of squared VIP values)
(Cocchi et al., 2018). A VIP score greater than 1 implies an important
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contribution of the predictor variable in explaining variance in the
response variable (Akarachantachote et al., 2014; Cocchi et al., 2018).

We also applied the Expected Value of Perfect Information (EVPI),
which further supports decision-making by quantifying the amount of
money a decision-maker should be willing to pay for perfect information
on specific variables (Hubbard, 2014). The EVPI is the difference be-
tween the monetary value of the optimal decision, i.e. the decision that
would be made by a decision-maker with perfect information on a
particular input variable, minus the expected value of the decision given
the current state of knowledge on that variable (Lanzanova et al., 2017).
Thus, the EVPI value of an input variable shows the sensitivity of a de-
cision to uncertainty about that input variable (Strong et al., 2014;
Thorn et al., 2015). In that way, EVPI can help to identify which vari-
ables should be prioritized to gain more knowledge (Lanzanova et al.,
2019) and the highest price that decision-makers should be willing to
pay to obtain perfect information (Hubbard, 2014). The model can be
refined by collecting more information on high-EVPI variables.

Step 7: Share results and receive feedback

The results were shared with stakeholders for consultation, where
this was possible. We also decided if we needed to revisit the model
based on feedback.

The seven steps of the decision analysis were reflective and iterative,
including revisiting earlier steps when changes or further information
were needed.

4. Results
4.1. Decision context and expert identification

Initially, we identified the potential decision-maker as the Dien Bien
Government. Due to the time limitations of the top-level governmental
decision-makers, we decided to work with CARE in Vietnam, CCD, and
the technical staff/mid-level managers of the local government.
Together with stakeholders, we identified the following decision as the
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basis for this study “Should the Dien Bien Government invest in the
implementation of ACS? If yes, which ACS interventions promise the
greatest net benefits?”. At this stage, we identified core experts and
resource persons, including governmental technical staff/mid-level
managers, NGO staff, researchers and farmers. The government expert
team was comprised of staff from various departments, including crop
production, hydro-meteorology, animal husbandry, agricultural exten-
sion center, planning and investment, and finance. Experts’ main com-
petencies were weather forecasting, crop production, animal husbandry,
pest and disease management, planning, finance, agricultural statistics,
climate change, policy, management, communication, gender and on-
farm practices.

4.2. Intervention characterization

During our workshops, the expert team developed recommendations
about the overall ACS scaling intervention and identified four invest-
ment options, with the potential engagement of various actors (Fig. 3).
These four investment options share some common strategies but each
investment option also includes some distinct activities.

4.2.1. Common strategies in the four investment options

For each of the four identified interventions, the Provincial Meteo-
rological Center will collect data and use these to produce seasonal and
weekly weather forecasts downscaled for Dien Bien District. This in-
formation will then be transferred to a technical working group that has
been trained in generating agro-climate advice. This group will develop
recommendations for a seasonal calendar, seed types, sowing tech-
niques, fertilizer application, pest and disease control, weeding, water
management and harvesting. In most cases, the advice will be based on
weather forecasts, but it may also be based purely on agronomic con-
siderations. The advice will be presented in seasonal and weekly bul-
letins. Seasonal bulletins will be printed and delivered to communes and
villages in paper format. Weekly bulletins will be communicated to
farmers in several ways, using combinations of SMS or paper messages
and loudspeakers. Engagement of local organizations (e.g. sub-
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Fig. 3. Overview of four agro-climate service (ACS) interventions in Dien Bien District, Vietnam. The black arrows represent information flows. The green boxes
illustrate activities implemented for all four interventions. The yellow boxes with numbers indicate activities that only apply to the corresponding interventions.

Stakeholders are listed in winged parentheses.
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government units, NGOs and unions) will also be part of the strategy to
ensure understanding and smooth delivery of services at the last mile.
Farmers can channel feedback on the service to the technical working
group, either directly or through local organizations.

4.2.2. Distinct activities accross the four investment options

In addition to common strategies, we distinguish between four in-
vestment options based on their variation from the common in-
terventions. We name the investment options according to these distinct
characteristics.

Option 1) Weather station-SMS-Gender: New weather stations will
be set up in different micro-climate zones in addition to the use of
existing weather forecasts. Weekly bulletins will be transferred by SMS
to mobile operators and then sent to village leaders. Village leaders then
pass the information on to farmers via phone SMS.

This investment option addresses several gender aspects in agricul-
ture among Dien Bien farmers, including unequal access to weather and
agriculture information, labor division in farming and household chores,
and domestic power relations in livelihood decision-making and in
controlling income. Gender training will be organized for key facilita-
tors, who then facilitate a series of gender activities following the social
analysis and action approach (CARE International, 2018) and the gender
action learning system (Oxfam in Vietnam, 2017) with female and male
farmers. The social analysis and action approach aims to transform
gender norms through individual reflection about and challenging of
social beliefs (CARE International, 2018). The gender action learning
system promotes gender equality and economic development for
smallholder farmers (Oxfam in Vietnam, 2017). These gender ap-
proaches offer tools to support women and men in recognizing their own
social and gender norms, the root causes of norms and the relation be-
tween norms and inequality in families and societies. For example,
women and men can reflect separately on gender role differences in
accessing agro-climate information and making decisions on livelihood
practices and why there are such differences. While women are
perceived as suffering more from social and gender norms than men,
these approaches also aim to reveal norms that exist for male farmers.
Labor division clocks and simulated decision-making situations (related
to livelihood and income control) are used to facilitate dialogue between
men and women about their norms and the implications of gender
inequality. Women and men will also identify what changes they intend
to implement in their families. They will be encouraged to share their
change stories with other villagers during community events (e.g.
through plays, games or sports activities) to create spill-over effects and
strengthen a socially enabling environment.

Option 2) SMS-Gender: Weekly bulletins will be transferred by SMS
to mobile operators and then sent to village leaders. Village leaders then
send information to farmers via phone. Gender norm realization and
norm change dialogues and actions will be integrated into the inter-
vention in the same way as in Weather station-SMS-Gender.

Option 3) SMS-Loudspeaker: Weekly bulletins will be transferred
by SMS to mobile operators and then sent to village leaders. Village
leaders will broadcast the information in their villages using loud-
speakers. Local languages will be used wherever possible. Gender bal-
ance will be considered by encouraging both women and men to
participate in any activity related to ACS implementation.

Option 4) Paper-Loudspeaker: Weekly bulletins will be transferred
to communes by email. Village leaders will go to the Commune People’s
Committee to receive the weekly bulletins as official paper correspon-
dence. Village leaders then broadcast the information in their villages
using loudspeakers. Local languages will be used wherever possible.
Gender balance will be considered by encouraging both women and men
to participate in any activity related to ACS implementation.

4.2.3. Intervention boundaries and analyses
In addition to identifying the overall implementation strategy, the
expert team defined the boundaries of investment options and analyses.
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Intervention advice will focus on rice cultivation and cow and buffalo
husbandry, which are the key crop and livestock activities in the district
that are sensitive to weather and climate. Our cost-benefit analyses
cover a five-year time frame, which corresponds to the regular planning
period in the district. The analyses focus on direct and indirect impacts
for benefiting households in Dien Bien.

Dien Bien Agricultural Service Centre is proposed as the key project
holder given that they have the technical capacity and their works cover
agricultural and aquacultural extension services, plant protection and
veterinary services. Key risks that the interventions aim to respond to are
inter- and intra-annual rainfall and temperature variation, droughts,
mild floods and cold spells. Risks that are normally beyond their ca-
pacity to respond are hailstones and flash floods. The interventions
consider that services will be scaled up across Dien Bien District. Gov-
ernment regulations on the operation of the climate services, as well as
the roles and tasks of each stakeholder, will be in place. We confirmed
the expert team, including 13 core experts and 12 resource persons after
defining the detailed interventions.

4.3. Conceptual model for cost-benefit analysis

Our conceptual framework includes important potential costs, ben-
efits and risks, as well as the discount rate, which is used to express the
time preference of investors (Fig. 4). We identified five types of costs
along the value chain from forecast generation to putting information to
use, as well as for cross-cutting activities, monitoring and evaluation.
For benefits, we captured the intermediary benefits and the ultimate
economic, environmental, and social benefits at the household level.

Many of the ultimate benefits result from reductions in agricultural
input use, for which there is high potential in Dien Bien due to the
current overuse and misuse of seeds, fertilizers and pesticides by
farmers. The interventions are also predicted to improve potential yield
and reduce harvest losses caused by changing weather and climate
conditions.

Advice to protect cows and buffaloes during cold spells is expected to
reduce animal deaths in winter. The predicted pesticide use reduction
will contribute to lower surface water pollution and consequently to
lower fish mortality rates. Reduced application of fertilizer and pesti-
cides has positive impacts on water pollution, leading to cleaner
drinking water and improving farmers’ health. Reduction in nitrogen
fertilization will result in reduced emissions of nitrous oxide (N5O).
However, methane (CH4) emissions might increase if farmers are
advised to use more agricultural residues. The redistribution of house-
work labor (where needed and possible) coupled with respected, shared
economic choice and decision-making between women and men will
incentivize households to diversify their income, including additional
small farming and non-farm activities.

Key risks identified in the four interventions concern the inaccuracy
of weather forecasts and the low effective adoption rate among farmers.

All the costs, ultimate benefits, risks and the consideration of dis-
count rate served as the key components to support quantifying the
NPVs of all the potential investment options.

4.4. Converting the conceptual model to a mathematical model

We identified 142 variables to calculate costs, benefits, risks, un-
certainties and discount rate (see supplementary data input file). We
incorporated all 142 variables with data estimates and fed them into the
mathematical model’s equations to calculate the outcomes of different
interventions (see supplementary mathematical model file).

4.5. Profitability of agro-climate services
4.5.1. Net present value and benefit-cost ratio of agro-climate services

In all of the cost-benefit model runs for the four investment decision
scenarios, the results show small chances of loss ranging from 0.19 % to
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Fig. 4. Conceptual framework for cost-benefit analysis of agro-climate services.

1.65 %. Based on a 90 % confidence interval (CI), the NPVs (Fig. 5a)
range from 0.90 to 4.46 million USD for Weather station-SMS-Gender,
from 0.45 to 3.52 million USD for SMS-Gender, from 0.95 to 4.90
million USD for SMS-Loudspeaker and from 0.23 to 2.66 million USD for
Paper-Loudspeaker. The optimal choices are to go ahead with any of the
interventions.

The benefit-cost ratio (BCR) is the ratio of discounted benefits
divided by discounted investment costs. In simple terms, this metric
shows how many dollars a project may gain or lose if implementers
invest one dollar over a certain period. With 90 % confidence, per 1 USD
invested over five years, ACS can accrue gains of 2.03-6.17 USD for
Weather station-SMS-Gender, 1.55-5.32 USD for SMS-Gender,
3.98-16.02 USD for SMS-Loudspeaker and 1.45-6.22 USD for Paper-
Loudspeaker (Fig. 5b).

4.5.2. Importance of uncertain variables and value of information

4.5.2.1. Importance of uncertain variables. Variables with VIP values
greater than 1 are considered important (Fig. 6). In all interventions,
four similarly important variables are negatively correlated with the
NPV. These variables include doses of urea, potassium and seed used by
farmers after receiving advice and the discount rate.

For the interventions Weather station-SMS-Gender, SMS-Loud-
speaker and Paper-Loudspeaker, VIP scores indicated that rice area lost
by severe risks (i.e. complete rice cultivation/harvest failure caused by
severe risks such as flash floods, hailstone) was an important variable
that was negatively correlated with NPV. For the intervention Paper-
Loudspeaker, the dis-adoption rate appears as another important vari-
able, correlated negatively with the NPV.

VIP score analysis revealed ten variables as important and as
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Fig. 5. Net Present Value (a) and benefit-cost ratio (b) of four agro-climate service (ACS) interventions in Dien Bien District, Vietnam. Results were obtained through

Monte Carlo simulation with 10,000 runs for each investment scenario.
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Fig. 6. Variable importance of a Partial Least Squares (PLS) regression model relating uncertain inputs to decision models for four agro-climate service (ACS) in-
terventions in Dien Bien District, Vietnam. The vertical line shows the VIP score threshold at 1, which is used to define if a variable is important or not. Red bars for
the VIP score imply a negative correlation with the NPV, while the green color indicates a positive correlation.

positively correlated with the NPV for Weather station-SMS-Gender.
Similarly, the VIP score indicated twelve variables as important and as
positively correlated with the NPV for SMS-Gender. These important
variables were related to health expenditure reduction, pollution
reduction, rate of farmers applying advice effectively among all
adopters, baseline agricultural input use, rate of early fertilizer and
pesticide advice adopters, reduction in the frequency of spraying pesti-
cides (i.e. number of applications per year), coverage of gender activity
and economic returns of improved gender equality.

4.5.2.2. Value of information. The EVPI assessment returned 0 for all
variables in all investment options. These zero values suggest that,
despite the uncertainty about ACS benefits, decision-makers do not need
to collect additional evidence to determine whether investments in ACS
interventions produce net benefits.

4.5.3. Annual costs and investment feasibility

The results show that the annual investment might have implications
for annual budget planning in a resource-limited environment. With 90
% confidence, the initial cost for the first year will range from 450 to 510
thousand USD (kUSD) for Weather station-SMS-Gender, from 410 to 470
kUSD for SMS-Gender, from 170 to 190 kUSD for SMS-Loudspeaker and
from 210 to 240 kUSD for Paper-Loudspeaker. Costs in the following
four years will be significantly lower (Fig. 7).

5. Discussion
5.1. Profitability and investment feasibility of ACS
The NPV results indicate that investing in scaling ACS is a good

choice for generating socio-economic and environmental benefits. The
government can choose among identified interventions to allocate
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Fig. 7. Simulated annual costs (thousand USD) needed to implement four agro-
climate service (ACS) interventions in Dien Bien, Vietnam over five years. Re-
sults were obtained through Monte Carlo simulation using 10,000 model runs
for each investment scenario.

funding based on realistic financial capacity. The outcomes support the
current effort by CARE to promote ACS scaling in Dien Bien District
(CARE in Vietnam, 2020). If Dien Bien makes ACS a priority, they will be
joining an international trend. Climate services are a top priority for
agriculture and food security in the submitted Nationally Determined
Contributions of 100 countries (WMO, 2019b). However, the ranges of
values in the NPV results of the model indicate considerable uncertainty
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about the benefits that different interventions may produce. This un-
certainty has been highlighted in previous studies (Clements et al., 2013;
Nicholles et al., 2012; Perrels, 2020).

The uncertainty of NPVs also implies that the replication of the in-
terventions described in this study to other contexts beyond Dien Bien
District needs to consider differences in local contexts. Nonetheless, the
principles in designing ACS interventions, the conceptual framework
and the mathematical model could be useful references to be adapted in
other ACS scaling investment decisions.

Outcome distributions showed almost complete overlap in NPVs for
Weather station-SMS-Gender and SMS-Loudspeaker (Fig. 5). These dis-
tributions also showed considerable overlap with SMS-Gender. The
predicted outcomes for Paper-Loudspeaker identified this measure as
likely to produce the least benefits among all interventions. Using paper
correspondence to transfer information from commune to village may
delay information transmission as well as increase transaction costs,
both of which reduce net benefits. This finding highlights the impor-
tance of removing communication barriers not just in communications
to farmers but also to intermediary actors of the ACS value chain.

For the benefit-cost ratio analysis, our results appear to agree with
results from a global review of climate service case studies, which found
BCR generally ranging between 1 and 10 dollars gained for each dollar
invested. In some other case studies, BCR estimates have even exceeded
10 dollars per dollar invested (WMO, 2015).

First-year investment costs differed greatly across the four in-
terventions. The low initial costs for the SMS-Loudspeaker and Paper-
Loudspeaker interventions reflect the advantages of using the existing
loudspeaker communication systems. The comparably higher initial
investment costs of Weather station-SMS-Gender and SMS-Gender are
due to the high costs of the first investments in establishing mini weather
stations (Weather station-SMS-Gender) and organizing gender norm
reflection and gender dialogue sessions (Weather station-SMS-Gender
and SMS-Gender).

In Vietnam, funding for socio-economic development at the district
level is provided by the provincial government. In a resource-
constrained province, such as the one where Dien Bien District is
located, the provincial government might rely on funding from the na-
tional budget (National Assembly, 2015; Vu, 2008). In case there are
budget restrictions from the national government, SMS-Loudspeaker
might be the most preferable and affordable option among the four
interventions.

For all interventions, annual costs could be predicted with relatively
high certainty. This indicates that the large variation in NPV outcomes
mainly derives from uncertainty about the benefits of ACS. This result
agrees with findings from Perrels (2020), who noted that uncertainty
about benefits is normally higher than uncertainty about costs in valuing
climate services.

5.2. Important uncertain variables and value of information

Through variable importance assessments, we were able to identify a
number of important variables that introduced uncertainty about the
overall decision outcomes. Across all interventions, important variables
were related to pollution reduction, health expenditure reduction,
agricultural input use, rate of farmers applying advice effectively, rate of
early fertilizer and pesticide advice adopters, and discount rate.

Limited knowledge about the proper application of fertilizers and
pesticides and the planting of seeds is a common challenge among
smallholder farmers (Abhijit and Duflo, 2012; Lamers et al., 2013; Xu
et al., 2008). The impact of excessive use of fertilizers and pesticides is
not only detrimental to the farm economy but also to the wider envi-
ronment. Misuse of pesticides can incur health costs for the treatment of
headaches, dermatological irritation or even chronic diseases like cancer
(Lamers et al., 2013; Nguyen et al., 2018). ACS not only provides regular
advice on the use of agricultural inputs under changing weather con-
ditions but also general advice on the use of agricultural inputs. The
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benefits of ACS, therefore, are largely dependent on the extent to which
ACS can reduce agricultural input use, environmental pollution and
health expenditure.

Among farmers who access, understand and adopt advice, only a
certain group might effectively use and adapt the advice to their specific
context (Sen et al., 2021). Studies by Nurmi et al. (2013) and Pilli-
Sihvola et al. (2014) point out the gap between using information and
using it effectively as part of an information filtering or decay process.
Farmers who effectively implement advice will apply fertilizer and
pesticides using the combined right time/weather, right type, right rate
and right place principles. However, given various uncertainties such as
weather accuracy, timely communications, comprehension of users or
availability of agricultural input in the local market, the estimation of
the effective adoption rate is uncertain.

The rate of early fertilizer and pesticide advice adopters was also
identified as an important variable. Early adopters are considered to be
farmers who apply the advice in the first two rice seasons. In the early
stage of innovation adoption, mass media or community events play an
important role in stimulating the early adoption of an innovation. At
later stages, the early adopter will play a role in sharing information
about the innovation (Everett, 2003). As ACS interventions will be new
in 21 communes in Dien Bien District, it is still unclear to what extent
farmers will accept it at the early stage.

In our models, the discount rate had an important impact on the NPV
in all simulated interventions. This result echoes a similar finding re-
ported by Nicholles et al. (2012). The choice of a value for the discount
rate is often a topic of debate in studies about climate change and
climate services (Polasky and Dampha, 2021; WMO, 2015). Some
economists argue for a zero discount rate or a very low nominal discount
rate to value the impacts of a project on the next generation (e.g. climate
protection) (Stern, 2007; Weitzman, 1998; WMO, 2015). Others favor a
higher discount rate that reflects the real market or the present-day
benefit preference (Mendelsohn, 2006; Nordhaus, 2007; WMO, 2015).
In Vietnam, the common practice is to refer to the interest rate of a bank.
In our study, we took advantage of the probabilistic approach and
included a discount rate ranging from 4 to 15 %, reflecting a 90 %
confidence interval of our uncertainty.

In Weather station-SMS-Gender and SMS-Gender, important vari-
ables identified were new income from non-farm activities and the
percentage of farmers who do more non-farm work. The coverage of
gender activities (i.e. the interventions only reach certain groups within
the communities) and new income from on-farm activities were also
important variables in SMS-Gender. Due to the improved division of
labor, information access and decision-making expected under these
interventions, families can adopt new livelihood activities such as
raising more chickens, planting more vegetables, working as seasonal
laborers or running agricultural micro-businesses to diversify their in-
come. Our results partly agree with the findings by Anderson et al.
(2021), who suggested that women’s empowerment may lead to
increased household agricultural productivity and economic returns.
However, we find that the economic return does not only derive from the
empowerment of women but from improved equality for both women
and men. Despite the potential economic returns, benefits from
improved and diversified economic activities are uncertain due to the
volatile availability of non-farm activities as well as farmers’ limited
ability to take advantage of economic opportunities.

Due to uncertainty around the likelihood of severe risks like flash
floods and hailstones, rice area lost was an important variable in
Weather station-SMS-Gender, SMS-Loudspeaker and Paper-Loudspeaker
interventions. This result signifies that there may be residual losses that
are beyond the scope of ACS to address (Ambani and Percy, 2014).

Another important variable for the Paper-Loudspeaker intervention
was the dis-adoption rate. This finding can be explained by the potential
delay in advice transfers caused by uncertain transmission via paper
correspondence from commune to village leaders, which may lead
farmers to dis-adopt the services.
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5.3. Use of decision analysis in planning agro-climate services and
development

The use of decision analysis in the context of ACS confirmed distinct
advantages of this research approach that have been highlighted in other
studies. These benefits include bias reduction as well as enabling cred-
ible ex-ante assessment of interventions in a data-scarce, complex,
highly uncertain and risk-prone environment (Do et al., 2020; Lanza-
nova et al., 2019; Luedeling et al., 2015; Rojas et al., 2021; Ruett et al.,
2020). Involving stakeholders through a participatory approach created
a platform for learning and reflection. Experts gained insights by taking
a systems perspective and improving their ability to consider and inte-
grate different sources of knowledge.

Applying decision analysis comes with challenges. Analysts may
introduce their own biases in selecting stakeholders and experts, in
facilitating the choice of a decision of interest and in converting con-
ceptual diagrams to mathematical models (Luedeling and Shepherd,
2016). It is also difficult to ensure an expert’s confidence level at 90 %
when estimating input variables (Luedeling et al., 2015; Rojas et al.,
2021). Model validation is inherently difficult for any ex-ante projection
methodology. This challenge, nevertheless, can at least partly be over-
come in decision analysis by defining a minimum set of skills for ana-
lysts. Longitudinal monitoring and validating of selected decision
analysis models can offer greater insights into the value of decision
analysis, which might be critical for the long-term diffusion of the de-
cision analysis approach.

Development planning in Vietnam allows very limited flexibility in
budget planning, implementation and selecting monitoring indicators
by government, donors, research institutes and NGOs. This limited
flexibility is particularly acute in developing a socio-economic devel-
opment plan for projects that rely on a state budget (National Assembly,
2015; Strauch et al., 2018; Vu, 2008). Though our results may reflect a
realistic context, there will still be challenges in harmonizing our rec-
ommendations with government planning processes. These challenges
are the key barriers to scaling ACS in Dien Bien and possibly in other
locations in Vietnam.

These reflections of challenges to the decision analysis approach
should be seen in the context of available resources and alternative
methodological choices. Decision analysis should not be compared with
resource-intensive, interdisciplinary research approaches. Admittedly,
those approaches may be able to generate more precise results, but they
are often infeasible due to budget or time constraints (Luedeling and
Shepherd, 2016). The introduction of decision analysis in ACS valuation
and development planning offers a chance to debate and reflect on the
existing limitations of the deterministic approach. It may constitute a
promising strategy to overcome the limitations of purely data-driven
analysis approaches that have often struggled to provide convincing
support to complex decisions.

6. Conclusions

We use the decision analysis approach to support realizing and
valuing potential ACS scaling interventions in Dien Bien. Our results
show that investing in ACS is a good option here, with multiple positive
socio-economic and environmental impacts. These impacts include
improved yield, reduced losses in agriculture, cleaner water, better
health, reduced GHG emissions, and economic returns from improved
gender equality.

We also find that decision analysis offers great potential for ACS
valuation. Decision analysis demonstrated its usefulness as a powerful
new tool, given the current dearth of methods capable of addressing
biases and uncertainties in valuing climate services. Furthermore, de-
cision analysis can provide holistic analysis and serve as a “quick test” to
understand complex issues when there are time and financial con-
straints, which is common in most low and middle-income countries.

The decision analysis approach, however, struggles with a structural
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challenge. There is a mismatch between real-life complex, uncertain
challenges and the legally mandated and dominant use of deterministic
approaches in development planning. This barrier, if not removed, may
restrict decision analysis from unfolding its potential in this space and
prevent government planners from using its results. We therefore
recommend that governments, donors and other stakeholders consider
adopting this probabilistic approach when engaging in complex and
uncertain ACS and development planning and implementation.
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