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Executive Summary

Digital climate-informed advisory services (DCAS) are tools and platforms that integrate climate information into agricul-
tural decision-making.

Globally, more than 300 million small-scale agricultural producers have limited or no access to DCAS because service
provision is still fragmented, unsustainable beyond project cycles, and not reaching the last mile.

To improve DCAS, six core principles of data quality, equity, co-creation, accountability, sustainability, and scalability
should guide investment and service provision.

The investment required by public and private actors to build the resilience of an additional 300 million small-scale pro-
ducers via DCAS by 2030 is estimated to be USS7 billion.

Returns on investment for DCAS providers range from 1-to-10 to 1-to-70. Returns to farmers in the form of productivity
or income average 30 percent and 25 percent, respectively. Co-benefits include enhanced input efficiency, farmer em-
powerment, and gross domestic product (GDP) growth.

Working Papers contain preliminary research, analysis, findings, and recommendations. They are circulated to stimu-
late timely discussion and critical feedback, and to influence ongoing debate on emerging issues.
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DCAS are tools, platforms, or activities that integrate
climate information into agricultural decision-making, help-
ing users adapt to climate variability and change. These
services range from digital mobile apps, radio, and online
platforms to digitally enabled printed bulletins based on
climate models and extension services that utilize climate
information platforms. DCAS can help agricultural produc-
ers and other value chain actors build resilience to the
climate impacts that threaten present and future agri-food
systems. However, small-scale producers’ access to these
services remains limited around the world. Scaling up
efforts, while leaving no one behind, is critical to safeguard-
ing the millions of small-scale producers vital to our global
food security. Current DCAS efforts are insufficient, marked
by fragmented efforts, limited understanding of best prac-
tices, and misaligned policy and investment incentives.

To effectively build the resilience of 300 million small-
scale agricultural producers by 2030 through DCAS, a
combination of donor, private, and government invest-
ment of about $7 billion is needed between 2021 and
2030. This figure includes both up-front investment costs
and annually recurrent costs to maintain service provision.
This entails a significant upscaling of current investment
levels. Costs are highly dependent on local digital infra-
structure and an adaptation-enabling environment as well
as the service format. Evidence shows that returns on
DCAS investment are high (average 1-to-24) and can drive
GDP growth. Producers may see average productivity gains
of 30 percent and income gains of 25 percent depending
on the product and geography.

To improve DCAS, the six core principles of data quality,
equity, co-creation, accountability, financial sustainabil-
ity, and scalability should guide investment and service
provision. These principles were developed through a
series of intensive working groups and elaborate upon
the example of the Principles for Digital Development. To
effectively integrate these principles into DCAS, a more
robust knowledge base and improved guidelines and
standards are needed.

Investments in DCAS will need to be strategically tar-
geted, embrace diverse business models, and adjust
to local contexts. Countries vary greatly in their digital

readiness and climate vulnerability. The existing digital and
agricultural research ecosystem will determine what will

be the best sustainable business model for implementing
DCAS (including nondigital means), and vulnerability will
dictate the level of urgency and influence prioritization.
Targeting and design decisions should be made by national
stakeholders through structured participatory processes.

The Global Commission on Adaptation (GCA) was estab-
lished in 2018 to advance resilience in the face of intensify-
ing climate change by making adaptation central to the
global agenda and inspiring and leading ambitious action.
Consisting of 35 commissioners and convened by 23
countries, the GCA put forward a goal to build the resilience
of 300 million small-scale agricultural producers to climate
change by 2030. DCAS offer a great opportunity to realize
that objective. This paper lays the conceptual foundation
for building the climate resilience of at least 300 million
small-scale agricultural producers by 2030.

The contents of this blueprint were co-created by more
than 150 stakeholders organized into three working groups
on data quality and governance, equity, and financially
sustainable business models. These working groups
were led by the International Research Institute for Cli-
mate and Society at Columbia University, the World Food
Programme, and the World Business Council for Sustain-
able Development, respectively. In addition to working
group reports, this blueprint was developed based on

an extensive literature review and expert consultations
undertaken by World Resources Institute and the Global
Center on Adaptation.

This blueprint aims to

e provide a first estimate for global investment that will be
needed to build the resilience of 300 million small-scale
agricultural producers by 2030;

e put forward core principles for good practice for DCAS
investment, design, implementation, and utilization;

e provide recommendations for how to best target this in-
vestment to encourage sustainable, equitable resilience
to those small-scale agricultural producers vulnerable to
climate change; and

e set the foundation for global and national communities
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of practice to further develop the framework for guiding
and targeting investment into DCAS.

1. Introduction: Digital Climate-
Informed Advisory Services
Today

Digital climate-informed advisory services (DCAS) are tools,
platforms, or activities that disseminate climate infor-
mation and help individuals and/or organizations make
climate-resilient decisions and adapt to climate variability
and change. These services can be digital services, which
include mobile apps, radio, and online platforms, as well as
digitally enabled services (e.g., bulletins, extension ser-
vices) for agricultural producers who may not be digitally
literate or lack access to digital technologies. These

services are meant to support rather than replace person-
to-person communication channels and strong agricultural
extension services. Figure 1 highlights the basic process of
producing and delivering DCAS.

Agriculture, food systems, and rural communities—espe-
cially small-scale farmers, fishers, and pastoralists,

who often lack the resources to adapt—will be severely
impacted by climate change. About 570 million small-scale
producers worldwide produce 60 percent of global agri-
cultural output (FAO 2017). Most of these producers are in
low- and lower-middle-income countries, working and living
on farms smaller than five hectares (IFC 2019). The future
climate-induced crop losses they will face will be grave and
will vary by crop and geography.

Without adaptation, each degree increase in global mean
temperature could, on average, reduce global yields of
soybeans by 3.1 percent, rice by 3.2 percent, wheat by
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6.0 percent, and maize by 7.4 percent (Zhao et al. 2017).
India already has seen wheat, rice, and maize decrease by
5 percent, 6—8 percent, and 10—30 percent, respectively
(Aryal et al. 2020).

The World Food Program projected that an additional
127 million people in the world’s poorest countries could
fall into acute food insecurity as a result of the COVID-19
pandemic (FAO et al. 2020; WFP 2020). Climate change
and variability are leading causes of rising global hunger,
making productivity and resilience at the individual level
even more essential for global food security (FAO et al.
2018). New strategies are needed to achieve the 25-70
percent increase in crop production required to feed the
world’s growing population by 2050 (Hunter et al. 2017).

DCAS offer crucial opportunities to build the resilience of
small-scale producers in the face of climate change, par-
ticularly when bundled with complementary services (e.g.,
financing, input supply, market access, insurance). From
seasonal forecasts to pest advisories, effectively designed
DCAS can provide producers with the resources to adapt
to climate shocks and plan for new climate conditions.
Consequently, small-scale agricultural productivity and
household income can substantially increase, with an aver-
age of 30 percent and 25 percent, respectively (see Appen-
dix B for figures). In addition, DCAS result in enhanced risk
mitigation; farmer empowerment; and wider environmental,
economic, and development benefits. Figure 2 provides an
overview of the DCAS ecosystem and the types of actors
and services that are involved.

Although DCAS are expanding, demand is still not being
effectively met. According to the Global System for Mobile
Communications (GSMA), there were 184 digital agricul-
ture advisory services in Sub-Saharan Africa, 56 in South
Asia, 31 in Southeast Asia, and 11 in Latin America and
the Caribbean as of January 2020. Less than half of those
explicitly provide climate-related advisories (SMA 2020).
Simultaneously, the number of active users for existing
agricultural services is only 15-30 percent of those reg-
istered (based on Tsan et al. [2021] estimates in Africa).”
Other regions lack similar analysis but have similar gaps
in engagement, particularly for women (Kristjanson et

al. 2017). More than 15 countries have cited a need for
climate-informed advisory services in their latest nation-
ally determined contributions (NDCs) (Ongus 2020).
Some national governments, such as Ethiopia, are already

scaling DCAS (Seid et al. 2019). Without scaling DCAS in
a financially sustainable, equitable, effective, and reliable
manner, we risk reinforcing a divide where communities

with resources benefit from digitalization and vulnerable,
under-resourced communities are left behind.

The nexus between digital readiness and climate vulnerabil-
ity provides one way of evaluating DCAS challenges, needs,
and opportunities. Figure 3 shows a preliminary snapshot
of countries, showing those more capable of addressing
climate change through digital means (e.g., much of Latin
America), those requiring substantial digital infrastructure
investments to address high vulnerability (e.g., much of
Sub-Saharan Africa), and those lacking essential data to
understand the current enabling environment (e.g., Sudan).
To appropriately target investments and efforts, metrics
should be evaluated on a case-by-case basis at a higher
resolution than the displayed national level.

In line with the goal of the Global Commission on Adapta-
tion (GCA), this blueprint charts the conceptual founda-
tion for building the resilience of 300 million small-scale
agricultural producers with DCAS by 2030. It builds upon
emerging best practices and opportunities to improve
DCAS. Globally, 150 million lower-endowment farmers
(i.e., artisanal, low input, minimal market integration, high
food insecurity) and 150 million conventional small-scale
farmers (i.e., nonartisanal, low-to-medium input, limited
market integration, variable food security) are less likely to
be digitally connected than larger-scale and commercial
farmers (Steiner et al. 2020). Figure 4 provides an overview
of their geographical distribution.

This DCAS blueprint is a product of collaboration between
the World Resources Institute (WRI), the Global Center on
Adaptation, the World Business Council for Sustainable
Development (WBCSD), the World Food Programme (WFP),
and the International Research Institute for Climate and
Society (IRI) at Columbia University. Qualitative content in
this report was co-created by three iterative working groups
on data quality and assurance (led by the IRI), equity (led by
WFP), and sustainable business models (led by WBCSD).
These working groups included more than 75 experts from
57 institutions (see Appendix A for a full list of organiza-
tions). Quantitative analyses based on expert consultations
and literature reviews were conducted by WRI and the
Global Center on Adaptation.
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m The DCAS Model Ecosystem
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Solutions that are sold to agribusinesses,
insurers, or banks that pay for their customers’
access.

Example: aWhere
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Services that integrate, or bundle, with DCAS
to provide solutions for building resilience (see
examples of bundled services).

Example: Pula Advisors
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SERVICES SUPPORTING NATIONAL
AGRICULTURAL ADVISORY SYSTEMS

Services typically led by nongovernmental
organizations or academic institutions to help
integrate climate information into existing
training, extension services, farmer field
schools, and so forth.

Example: Plantwise

OPTIONS

* Insurance
* Input services

EXAMPLES OF BUNDLE

* Mobile banking and finance
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SPECIALIZED INTERMEDIARY SERVICES

Services that help DCAS operate effectively,
including platforms, data managers, or
cloud-based support.

This is a more recent phenomenon, making it
difficult to assess its scale.

Example: Climate Edge
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“SUPER PLATFORMS"

Services that link farmers to buyers
and finance, advice, and other services.
Here, intermediaries are eliminated.?

Example: Farm to Market Alliance
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Note: #Tsan et al. 2021.

Source: Based on information from the Bill & Melinda Gates Foundation (unpublished) and Phatty-Jobe et al. 2020.
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m Global Matrix of Digital Readiness: Food System Vulnerability to Climate Change -
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This blueprint aims to build a conceptual foundation
for DCAS investment and implementation over the
next 10 years by

e estimating the required investment needs to build the
resilience of 300 million small-scale agricultural produc-
ers with DCAS by 2030;

e putting forward foundational principles for implement-
ing accurate, equitable, co-created, accountable, finan-
cially sustainable, and scalable DCAS; and

e gsetting the foundation for global and national commu-
nities of practice to further develop the framework for
guiding and targeting investment into DCAS.

2. Global Investment Needed
by 2030

To effectively build the resilience of 300 million small-
scale agricultural producers by 2030 through DCAS, we
need $7 billion in donor, private sector, and government
investment between 2021 and 2030 (see Appendix B for
details). This investment would cover up-front costs and
the annual recurrent costs of specific services—based
upon estimated growth trends of service provision—to
reach 300 million producers by 2030. It would not cover
investments in infrastructure and enabling environments.

Several challenges make it difficult to determine the overall
investment needed to build the resilience of 300 million
producers with DCAS by 2030: highly limited data on
project costs; vast differences between projects in terms

of service provision, necessary training, and infrastructure
costs; regional variances in the up-front costs for infra-
structure, knowledge, and enabling environments; and large
differences in farmers reached per project, with generally
lower costs per farmer for bigger projects. Given these
challenges and limitations, the figures reported in this
blueprint are an approximation, used primarily to highlight
the substantial investment that will need to be addressed
to develop and scale effective DCAS to reach the most
vulnerable producers worldwide. The blueprint sets out a
call to action for public and private sector stakeholders,
donors, and others within this ecosystem to further develop
the investment case and the enabling environment needed
for it to be targeted successfully. In Appendix B, Table B2
shows the projections used to obtain the total estimated
global investment figure.

The past five years of DCAS investments provide some
indication of the additional investment and scale needed to
build the resilience of 300 million small-scale producers by
2030. Figure 5 shows the spread of investments in DCAS
from international donor organizations, philanthropies, and
donor governments (Appendix B includes a donor list).
These country-specific investments from 2015 to 2020
total over $1 billion. Generally, data are not available for
the number of producers reached with these investments
because DCAS are often one part of a larger project.

Figure 6 provides a summary of some of the major cost
categories of DCAS, with examples of promising efforts
that are either addressing or reducing these costs. Box 1
provides an example of the costs from a DCAS provider.

A Blueprint for Digital Climate-Informed Advisory Services 7



m Investments in DCAS by Country

Investment (US$)

$95828 N $74070,302

Notes: These data are based on numbers that were provided directly from organization focal points or organizational project portfolio databases. These figures do not
account for private capital investment for digital climate-informed advisory services, which has not been adequately tracked. See Appendix B for methods.

Source: WRI authors.
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Cost Categories for DCAS

NFRASTRUCTURE

NATIONAL METEOROLOGICAL AND
HYDROLOGICAL SERVICES

+ Public investment programs in expanding and improving
national meteorological and hydrological services
(NMHS) infrastructure and capability

- Development and application of technology such as

satellite data, drone data, commercial microwave links for

rainfall observations, and to complement or fill in missing
station data

- Example: Systematic Observations Financing Facility

TELECOMMUNICATIONS

+ Public and private investments in digital infrastructure
+ Regulatory reforms
+ Example: Global System for Mobile Communications

(GSMA) estimates of mobile operator infrastructure costs

ENABLING
ENVIRONMENT

GOVERNMENT LEADERSHIP

- Regional and global platforms to collectively raise the
profile of this issue on domestic and global agendas

- Example: International Digital Council
for Food and Agriculture of the Food
and Agriculture Organization of the United Nations

HUMAN-CENTERED, CO-CREATION PROCESSES

- Development and application of co-creation processes
and inclusive human-centered design

- Example: Participatory Integrated Climate Services for
Agriculture (PICSA)

INSTITUTIONAL READINESS

- Institutional capacity building for understanding of how
to produce, disseminate, and apply digital
climate-informed advisory services (DCAS)

- Example: Climate for Development in Africa Programme

STANDARDS, PROTOCOLS,
AND REGULATIONS

- Development and application of standardized global

protocols and
model regulations

- Examples: see Appendix C for a collection of existing

standards and protocols for climate data

PARTNERSHIP DEVELOPMENT

- Dedicated resources for intermediation to help

partnerships form more efficiently

- Example: Mercy Corps’ Agrifin

DEVELOPMENT
AND START-UP
COSTS

TECHNOLOGY DEVELOPMENT AND MAINTENANCE
- Creation and maintenance of software
« Payment for intermediary services
- Example: Digital Public Goods Alliance and FarmStack

VALIDATION OF SIMULATION MODELS
« |terative updates and validation
- Investment in automated data collection and sensors

+ Example: Agricultural Model Intercomparison and
Improvement Project

Note: For elaboration on examples, please see Table D1; > See Box 2; > See Box 5.

Source: WRI authors.

ENUMERATION AND REGISTRATION OF FARMERS

- Identifying, counting, and registering farmers for DCAS
- Example: First Aadhar Authenticated Digital Farmers

Database

MONITORING AND EVALUATION OF DCAS INPUTS
AND OUTPUTS

« Field trials, lab tests, user experience, and so forth related

to agricultural research that informs DCAS

- Evaluation of DCAS impacts
- Example: Digital Green®

A Blueprint for Digital Climate-Informed Advisory Services 9



Box 1 | Example of Costs from a DCAS Provider: aWhere

Aim: network operators wanting to retain customers by offering per-
- Enable data-driven decisions related to weather forecasts and sonalized services can pay to bring farmers into digital platforms.
climate information Crop modeling and analytics are best developed by government
agriculture research and paid from extension budgets or by
Target users: agri-input providers wanting to offer a premier service. The most

expensive component is short message service (SMS) delivery
, costs. Mabile network operators can contribute here through
= National (e.g., Honduras, Kenya) discounted SMS rates.

= Companies (e.g., Econet, EOS, Esoko, Netafim)

= Global (e.g., Bloomberg, World Bank Group)

Lessons
Dates: ; } )
- Service management involves clearly defining the roles of
= 1999-present private and public sector actors, clarifying expectations, and
Overview building mutual accountability. This is the most challeng-
) i o ing and important component to provide value to users and
aWhere is a benefit corporation that provides in-time, accurate, develop models to cover transaction costs.

and complete weather data to a wide range of organizations,
offering over 1.9 million complete virtual weather stations that
can drive crop and hydrology models, making local weather data
accessible to farmers.

= Once trust and operational efficiency are established, more
complex service delivery models can be developed, instead of
starting with complex services.

- Weather-based recommendations can increase yields by over
Costs 30 percent and deliver a return on investment of over 1:14 for
tservice providers.

Services can be provided at a seasonal cost of five dollars per
farmer (see Figure B1.1 for cost breakdowns). Governments can
pay scaling-up services, given high returns for farmers. Mobile

FIGURE B1.1 | aWhere Cost Breakdown

Source: aWhere.

Messagedelivery - - - - - oo oo Enumeration of farmers

$1-$2/farmer depending on

$1-$5/farmer/season . .
density, tools, and complexity

depending on provider

Analytics and
interpretation_ - - - - .. ... ____._ Depends on crop, farmer

Depends on existing density, and diversity of data

local capacity

Weatherdata - - - - - - oo ______

$1/ farmer depending on area
and frequency of delivery
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are close to zero for some forms of services (e.g., mobile-
based extension systems), much is to be gained from

3. Benefits and Potential Return

on Investment investing in and scaling DCAS (Fabregas et al. 2019).

To make good investment decisions, one must understand Table 1 presents the types of returns on investment (ROIs)
the benefits and returns of investments to stakeholders. that can be expected from investing in DCAS for small-
Since the marginal costs of disseminating information scale producers and for the larger economy.

TABLE 1 Different Components of Benefits and Returns on Investment for DCAS

TYPE OF BENEFIT AND

LEVEL OF RETURN RETURN EXAMPLE
Small-scale agricultural  Yields and income Various projects around the world have shown productivity gains of
producer 7-83% and income gains of 7-100%.2 For Africa specifically, current

estimates based on around 50 projects suggest that digital climate-
informed advisory services (DCAS) can increase yields 23-168% and
incomes 30-57%, with the highest increases for bundled services.

Reduced risk A study of 15 Agro-Meteorological Field Units in India from 2003 to 2007
showed that participating farmers had a 10-15% increase in yield and
a 2-5% reduction in costs compared to farmers not using the service.
Farmers reported that forecasting of rainfall and other weather indicators
help to better prepare and manage potential losses related to variable
rainfall and pests/diseases.

Evaluation of risk reduction in terms of avoided or mitigated risks
is extremely rare due to a lack of counterfactuals. Often, it is a core
assumption in services’ theory of change.

Input efficiency Various projects have shown efficiency gains up to 30% for seeds, up to
20% for fertilizer and pesticides, and up to 15% for water usage.

Knowledge and By its very nature, well-designed DCAS are meant to promote the agency
empowerment of farmers as decision-makers in the face of climate change by providing
actionable information.®

Overall figures for entire  Returns on investment In regions with high network connectivity, such as Australia, Europe, and
project and stakeholders  (ROIs) and cost-benefit rates  the United States, the cost-benefit rates of using meteorological services
in agriculture are generally between 1:3 and 1:10.f

Even though up-front investments in developing countries are higher

due to poorer infrastructure connectivity, high ROls of the entire projects
are still observed. Examples include cost-benefit ratios of 1:48 for the
Satellite-Assisted Pastoral Resource Management in Ethiopia, 1:10 for the
Precision Agriculture for Development program in India, and up to 1:70 for
aWhere in Kenya. Furthermore, eChoupals in India has an average 32.3%
ROI per year.?

Economy Increased gross domestic Rodrigues et al. (2016) modeled an average annual increase of 20.8 to
product (GDP) 173.7 USDS million in national GDP based solely on the use of weather
services across Kenya, Malawi, Mozambique, Tanzania, and Zambia.

Notes: > See Table A2; > Tsan et al. 2021; > Venkatasubramanian et al. 2014; ¢ See Table B4; ¢ Roy and Rani 2018;" Usher et al. 2018; ¢ See Appendix B for data sources
and calculations.

Source: Authors.
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4. Six Principles Fundamental
for DCAS Success

Multiple working group sessions distilled the top nine chal-
lenges to creating DCAS that are sustainable while produc-
ing resilient and equitable outcomes (see Table 2).

Beyond increasing investment in services, addressing
these challenges requires a fundamental change in prac-
tice norms. This section presents six core principles to

DCAS Priority Challenges

guide how to scale DCAS successfully, in terms of number
of producers reached, ROls, equitable access and the qual-
ity of services delivered. The DCAS principles aim to inform
new DCAS investment and development, based on the
collective experiences from the 57 participating organiza-
tions (see Appendix A). They were developed recognizing
the Principles for Digital Development, endorsed by organi-
zations including the Bill & Melinda Gates Foundation, WFP,
Mercy Corps, and more.

CHALLENGES

There is a lack of consistent standards for data provenance and validation of digital climate-informed advisory services (DCAS).
Transparent model benchmarking based on agreed-upon performance indicators is critical to compare and improve services.?
Transparent (or open) data are essential for validation, interoperability, and providing noncost services to those most in need. Concerns
about confidentiality, intellectual property rights, and data security must be addressed.

DCAS is neither equitably accessible nor usable. Users have different needs, resources, and knowledge, and to maximize the benefits
of DCAS, service design must also focus on those currently marginalized (e.g., women, youth, disabled individuals, indigenous people).
Key considerations include user costs, design, content, communication channels and methods, and providing additional support.

DCAS is often supply driven rather than demand driven and fit for purpose. This undermines the effectiveness of DCAS and their
adoption by users. Consequently, services will not be financially sustainable once donor subsidies are removed.® Demand should be

evaluated from both the perspective of farmers and governments.

DCAS project and program timelines and budgets often do not accommodate for design and implementation strategies that
promote financially sustainable, equitable, or scalable impacts. Co-creation as an iterative process can take additional resources
and time. Without investment in co-creation and equitable services delivery, demand for services may dwindle, resulting in

unsustainable services over time.

Current monitoring, evaluation, and learning (MEL) and evidence generation strategies are not adequate to improve future DCAS.
Developing metrics and methodologies for assessing the impacts of DCAS is critical but difficult due to inadequate MEL. Concrete
evidence is limited regarding the costs, returns on investment, resilience building, and efficacy of advisory application against
counterfactuals, partly caused by a lack of tracking of investments, especially by donor organizations.

There is a lack of digital readiness in many countries needing DCAS most. Certain levels of digital literacy are required to effectively

apply DCAS, especially those using newer technologies.

DCAS providers are not always transparent about procurement processes, partners' roles and responsibilities, model uncertainties,
and sponsorship arrangements or advertising. This harms user and partner trust. Transparency is essential for building a common
understanding of objectives and outcomes and establishing accountability.

The private sector is often not incentivized to engage in public-private partnerships (PPP) for DCAS due to the high costs associated
with wide-scale producer engagement. Governments can create the enabling environment for innovative DCAS PPP models. Public/
international investments in research and development capital can support private parties to codesign PPP projects with public
partners. Evidence generation on benefits can encourage private sector engagement and buy-in for DCAS policies.

Notes: > EIP-AGRI 2017;® Sara 2019; > Norton and Alwang 2020.

Source: Authors.

12 July 2021



Climate service data quality is the extent to which a data
product meets the needs of the users, including the level
of accuracy and the degree to which it is fit for purpose.
Quality assurance refers to the processes through which
the quality of products and services are communicated,
including to users (Larosa and Perrels 2017).

The use and acceptance of existing relevant standards
and governance principles is key to ensuring data quality.
A lack of data quality or sufficient governance decreases

the ability of DCAS to support farmers and erodes farmers’

trust and use of advisory services. Moreover, data qual-
ity problems may affect farmers’ decisions and hurt their

livelihoods. An example of good data quality and assur-
ance is provided from Rwanda, using the IRI's Enhancing
National Climate Services (ENACTS) initiative, shown in

Box 2. Key components of data quality and assurance are

highlighted in Figure 7.

Equity in DCAS means ensuring that women, youth, the
under-resourced, disabled, and socially marginalized

groups are equally served by advisories according to their

intersectional needs (e.g., those relating to their identity,
experiences, and environment). This includes those who
may not have access to digital tools. It also speaks to

the degree to which disadvantaged groups affect design

Box2 | Example of the Principle of Data Quality and Assurance in Practice

Project Title:
= Rwanda Climate Services for Agriculture
Aim:

= Enhance access, understanding, and incorporation of climate

information (historical and seasonal forecasts) into manage-
ment decisions of small-scale farmers

Country:

- Rwanda
Dates:

= 2075-present
Overview

This initiative provides locally actionable climate information
for farmers and other agricultural decision-makers. It was used
to build the capacity of the Twigire Muhinzi national agricultural
extension service and other intermediaries to communicate

climate information with farmers and support farmers' risk man-

agement decisions using a set of participatory tools.

Note: See Appendix D for the list of relevant service actors.

Source: Based on Birachi et al. 2020.

Key features

In this initiative, interactive radio programming, radio listener
clubs, and short message service (SMS) complemented the face-
to-face Participatory Integrated Climate Services for Agriculture
(PICSA) process, particularly for weather forecasts. Adapting

the International Research Institute for Climate and Society's
Enhancing National Climate Services (ENACTS) approach, exten-
sion personnel use interactive online “‘map rooms” where users
can analyze, visualize, interpret, and download location-specific
climate information products. Afterward, the map rooms can

be transferred to farmers using PICSA. ENACTS also facilitates
integration of resources from the national meteorological and
hydrological services and supports the elimination of data gaps
by merging quality-controlled station observation data with proxy
data from satellites and climate model reanalysis products.

Lessons

- Digital technologies overcome bottlenecks to the availability
and accessibility of the climate information needed to support
farmer decision-making.

- ENACTS allows for the reconstruction of past and generation
of future high-quality climate data and the development of
localized analysis and forecasts.

= ENACTS allows for the integration of data from multiple
sources that enhance data quality.

A Blueprint for Digital Climate-Informed Advisory Services
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Key Components of Data Quality and Assurance

USE OF INTERNATIONAL DATA
QUALITY STANDARDS

Data standards play a crucial role in supporting
quality and building trust. Currently, many different
standards—targeting different sections or sources

of information—exist.? Quality standards should
incorporate regulations around intellectual property
and privacy that protect service designers/providers

and users alike.

RIGOROUS VALIDATION OF DATA
AND RELATED ANALYSES

Significant concerns about the accuracy of digital
climate-informed advisory services (DCAS) data can
best be addressed through rigorous evaluation
against quality-controlled measurements, like the
valuation of weather and climate predictions. This is
also essential for agricultural data that requires
ground truthing. Agricultural production benchmark-
ing can guide quality management by identifying best
practices against which to measure shortcomings.®

+—b

CREATION OF STRONG NATIONAL DCAS SYSTEMS

This will require new interagency institutional arrange-
ments (e.g., coordinating climate services and agriculture
departments), enabling policies (e.g., interoperable data
between relevant sectors), and shared resources to
prevent counterproductive competition.

Notes: ® See Appendix C; > Barnston and Tippett 2014; ¢ Knox et al. 2013; ¢ IBM 2019.

Source: Authors.

IMPLEMENTATION OF DATA
MANAGEMENT GUIDELINES

Properly managed data allows for validation,
comparison, and/or interoperability. This includes
making data open and accessible whenever possible.

ENHANCED RESOLUTION FOR LOCALIZED
DECISION-MAKING

The availability of plot-level information is extremely
limited, requiring creative solutions that involve the
Internet of Things, cloud computing, and farm-level

automated weather stations. Emnotion uses
statistical programming and machine learning in
combination with virtual weather stations to provide
farmers with hourly updates at up to 100-by-100-me-
ter resolution.*

TRANSPARENT COMMUNICATION
OF INFORMATION ACCURACY AND
UNCERTAINTY

Where data uncertainties exist, it is important to
communicate these gaps to avoid mistrust of
information. For example, the International Research
Institute for Climate and Society's Climate Predictabil-
ity Tool reports on the predictive skill of forecasts
during particular periods of the year to optimize risk
management and decision-making.

&4
U;é

ESTABLISHMENT OF LAWS AND REGULA-
TIONS THAT GOVERN DATA ACCESS,
INCLUDING OPEN ACCESS TO PUBLIC DATA

Improved policies for data governance should
consider multidisciplinary working groups, data trusts,
data cooperatives, humanitarian licensing, and social
certification schemes.

k™A

«0O>
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EXPANSION OF EXISTING OPEN PLATFORMS

Avoid generating new data sets that may be
redundant, contradictory, or noninteroperable.
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and governance of services. Cultural and gender norms
may influence decision-making authority and differenti-
ated access to assets, including land, financial credit, and
technology (Gumucio et al. 2020). When services do not
effectively target the needs of both men and women, they
can reinforce existing gender-based inequalities (Carr and
Onzere 2017; Perez et al. 2015). Figure 8 depicts the build-
ing blocks for the equity principle. The featured Mongolian
case study (Box 3) highlights how users can further under-

Co-creation of climate services brings together the produc-
ers of weather and climate information with those who use
the information to make decisions—often with intermedi-
aries to connect these actors—to solve a problem where
weather and climate information is relevant. Co-creation

is explicitly nonextractive and not designed to be a means
to an end (i.e., the product) but instead as an opportunity

stand their needs during the design process.

to build capacity and empower stakeholders. Growing

evidence shows the degree to which an information service

m Key Components of Equity for DCAS

USER-CENTERED APPROACH AND
IMPROVED TARGETING

Any new intervention and roll out of digital climate-in-
formed advisory services (DCAS) should be based on
a comprehensive targeting and understanding of the
users and the context in which they live to avoid
entrenching existing inequity.

BUILD THE CAPACITY FOR USERS
TO EQUITABLY ENGAGE WITH DCAS

Adequate infrastructure, digital literacy, climate
literacy, awareness of opportunities, benefits and
risks, access to prerequisites (e.g., radios or mobile
phones), and affordable pricing will be necessary for
successful DCAS. DCAS should be a complementary
tool, not a stand-alone method, building on nondigital
trusted relationships (e.g., with extension agents or
agribusinesses) and focusing on supporting the most
marginalized.

Notes: = UNFCCC 2018; > WBCSD 2021.

Source: Authors.

DCAS need to reflect an integrated approach—relying
on multiple channels and two-way communica-
tion—that complements service with measures that
enhance the capacities of information producers and
intermediary and last-mile users, empowering them
with information for decision-making.

EXPAND THE TYPES OF KNOWLEDGE
THAT DCAS UTILIZE AND DISSEMINATE

DCAS should move beyond classical knowledge
conventions and embrace alternative scientific
approaches (e.g., indigenous knowledge) and the
expertise of other sectors (e.g., health, biodiversity).
When local knowledge is used, it should be
remunerated or compensated (e.g., free access to
services). The Technology Executive Committee
under the United Nations Framework Convention on
Climate Change offers recommendations for ways to
develop and enhance endogenous capacities and
technologies.?

[ ]

Y-
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ACCESS TO PRODUCTIVE ASSETS AND
INPUTS

Credit, seeds, fertilizers, and other inputs can be
important preconditions for effective DCAS. Equitable
access to these resources is essential for equitable
DCAS outcomes.

INVEST IN THE “LAST MILE”

DCAS should address last-mile challenges, including
reaching offline producers and building the capacity
of users. Investing in the last mile will increase the
two-way flow of information and capital that many
regions lack. Providing technical assistance locally
and channeling impact investment to
micro-, small, and medium enterprises via local
intermediaries (i.e., microfinance institutions) will
equip them to provide the customized products and
services required for DCAS to reach the last mile.?
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Box 3 | Example of the Principle of Equity in Practice

Project Title:

= On-Demand Short Message Service for Weather, Pasture, and
Market Price Information for Herders in Mongolia

Aim:
= Strengthen herders’ capacity to prepare and reduce the risk of

livestock losses from extreme winters, in line with the govern-
ment's disaster preparedness and risk-reduction efforts

Country:

= Mongolia
Dates:

= 2016-20
Overview
An on-demand short message service (SMS) helps address the
information needs of livestock herders in Mongolia and supports
making more informed and timely decisions about livestock

movement, feeding, and shelter in preparation for and during
extreme winter periods. The service was expanded nationwide in

2020. A price information feature was added to facilitate herders’

hay and fodder purchases.
Key features

This service relied on digital and established nondigital means of
communication, including on-demand SMS, call centers, social
media, district agriculture and veterinary officers, community
leaders, and students. SMS technology was considered the
primary, most equitable and effective means of dissemination to
herders living in remote rural areas due to weak mobile Internet
coverage and limited ownership of smart or feature phones.

Note: See Appendix D for the list of relevant service actors.
Sources: Mercy Corps 2017; People in Need 2019; WFP 2018.

Service design and implementation from the outset was

= informed by the needs and preferences expressed by herders
from different backgrounds based on their gender, age, loca-
tion,
or herd size;

- conducted incrementally and iteratively, spanning several
design, implementation, review, adjustment, and expansion
rounds;

- based on a participatory approach, with sufficient consulta-
tions; establishment of trust and ownership among herders,
national and local governments, and service intermediaries;
and

- incorporated multiple feedback channels, including face-
to-face, mixed-gender interviews, call center-based user
satisfaction surveys, and a free, bilingual telephone hotline
to assess differences in service access and usage and distill
recommendations for improvements responsive to different
herder backgrounds.

Lessons

= Understand and address different user needs, preferences,
capacities, and decision-making contexts through the
application of user-centered design with integrated feedback
mechanisms.

= Foster an enabling environment based on partnership, trust,
and incremental and flexible co-creation by different actors,
mindful of partners’ competing priorities and existing resource
allocations.

- Allocate generous time and funding horizons and integrate
market-based solutions for SMS servicing during design and
rollout to enable equity, broad ownership, scale, and sustain-
ability.
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is used and valued is closely tied to users who can affect
its design and have a sense of ownership. Co-created
knowledge has been identified as a prerequisite for solu-
tions that meet a farmer’s context as well as build trust
(Fielke et al. 2020). Co-creation processes build legitimacy
by building trust, salience by aligning to farmers'’ real needs,
and sustainability by strengthening farmers’ capacities

to use services and express evolving demand. However,
co-creation does not necessarily mean generating a new
DCAS but rather building upon existing DCAS to avoid frag-
mentation and redundancies. Co-creation is not so much
about creating something “new” as it is about building and
strengthening DCAS relationships.

m Key Components of Co-creation for DCAS

Figure 9 highlights the key components of co-creation for
DCAS, and Box 4 offers an example of a service that has
emphasized co-creation processes.

Accountable DCAS assures that the individuals or organiza-
tions involved can be evaluated according to their roles and
responsibilities. Transparency is required for accountability
because openly accessing information regarding service
design, implementation, and finance is essential for under-
standing if services meet institutional goals and respond

to user needs.

BE DEMAND DRIVEN, NOT SUPPLY DRIVEN

Outputs of the co-creation process should reflect the
demand that was voiced by potential users of digital
climate-informed advisory services (DCAS) rather
than what is being offered by DCAS providers.

Co-creation must be normalized and integrated into
institutional planning and implementation strategies
and could be articulated through national frameworks
for climate services.

Source: Authors.

==
=9
=

BUILD THE CAPACITY OF TARGET USERS AND
SERVICE PROVIDERS SO THAT THEY CAN
ACTIVELY PARTICIPATE AND ENGAGE

Not all engaged stakeholders will have the same
capacities, especially with more technical climate
materials. Likewise, not all climate service providers
will understand the nuances of users’ livelihoods,
problems, systems, and needs. Therefore, two-way
training may be required and/or specialized
interlocutors to explain information, especially in
national meteorological and hydrological services.

PROMOTE DIVERSITY OF ENGAGEMENT
ACROSS THE DCAS VALUE CHAIN

Co-creation should emphasize the inclusion of
last-mile and intermediary users from diverse
backgrounds (e.g., gender, age, ethnicity, livelihood,
etc.) from conceptualization to implementation.

PLAN FOR AN ITERATIVE PROCESS WITH
DESIGN, TIMELINES, AND BUDGETS

Co-creation will be an iterative process that will
require additional time for establishing effective
processes and gathering all stakeholder voices in the
short, medium, and long term.
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Box 4 | Example of the Principle of Co-creation in Practice

Project Title:
= The Global Framework on Climate Services’ Adaptation Pro-
gramme for Africa
Aim:
= Support adaptation to climate change through improved
decision-making
Countries:
- Malawi and Tanzania
Dates:
= 2013-17 (Phase I) and 2017-19 (Phase II)

Overview

The Global Framework on Climate Services' Adaptation Pro-
gramme for Africa was a multipartner initiative to reduce
vulnerability to climate change. A food security component, led
by the World Food Programme (WFP) and the CGIAR Research
Program on Climate Change, Agriculture and Food Security
(CCFAS), focused on helping food-insecure communities access
relevant information to manage climate variability and change.
This enabled improved decision-making based upon seasonal and
subseasonal weather forecasts and agricultural advice, including
livestock, nutrition, and health information.

Note: See Appendix D for the list of relevant service actors.

Source: WFP authors.

Key features

Co-creation was central in multiple stages of the initiative, linking
the meteorological agency with the ministry of agriculture, exten-
sion services, nongovernmental organizations, and the private
sector. For example, in Malawi, WFP brokered the establishment
of an interministerial National Agriculture Content Development
Committee where specific advice was tailored and translated to
the needs and contexts of communities and informed the content
of radio programs. In alignment with the Participatory Integrated
Climate Services for Agriculture (PICSA) process, planning and
review days were scheduled where extension officers provided
farmer feedback to stakeholders, advisories based upon seasonal
forecasts were coproduced, and specific focus on the role of
women was prioritized. Extensive user surveys revealed that over
85 percent of users reported having more food after adopting
advisory guidance, and over 75 percent reported higher income.

Lessons

= When extension agents shift their role from top-down delivery
of static messages to facilitating dynamic decision-making
with participatory processes, the shift greatly promotes farmer
empowerment.

= Tailoring distribution channels, including nondigital, accord-
ing to gender and livelihood promotes equity of information
access.

= Theinclusion of a feedback mechanism during the planning
and review days is critical for allowing the content to evolve
and adjust to changing needs.
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Key Components of Accountability and Transparency for DCAS

PROVIDE ADEQUATE TIMELINE
AND BUDGET FOR MONITORING,
EVALUATION, AND LEARNING (MEL)

TRACK AND REPORT
DCAS INVESTMENTS

Tracking and reporting of DCAS
activities and finance flows will be
important for building accountability
and providing transparency.

MEL will be essential for reporting
costs, benefits, gaps, and opportunities
for digital climate-informed advisory
services (DCAS).

It is key for course correction, if
necessary. Documented lessons
learned will also help others to avoid
replication and pitfalls.

Source: Authors.

alliances, strong partnerships, and clear

\
(——

FORMALIZE OPERATIONAL
GOVERNANCE MODELS

DCAS require good governance
arrangements that clearly delineate
institutional roles and responsibilities,
including a need for institutional

Outcome reporting standards related to
yield, income, food security (e.g., the
Food Consumption Score, the Coping

Strategy Index, and the Integrated Food
Security Phase Classification) could

help provide the necessary understand-
ing of whether DCAS interventions are

actually helping to achieve and/or
maintain resilience outcomes as well
as sustainable development goals. This
will be important for catalyzing public
and private sector investment.

roles and responsibilities of the
monitoring and evaluation of
stakeholders.

Box 5 | Example of the Principle of Transparency and Accountability in Practice: Digital Green

Aim:
= Empower small-scale farmers to lift themselves out of poverty

by harnessing the collective power of technology and grass-
roots-level partnerships

Countries:

= Predominately Ethiopia and India
Dates:

= 2009-present

Overview

Digital Green collaborates with governments, private firms, and
rural communities to co-create digital solutions that are nutrition
sensitive, climate resilient, and inclusive. It has developed a suite
of services to fit local contexts, often combining advisory ser-
vices with capacity building and training as well as other informa-
tion services such as transport logistics.

Key features

In India alone, Digital Green has reached over 1.9 million small-
scale farmers, 90 percent of whom are women. Digital Green's
process includes continual testing, learning, iteration, and evalua-
tion to promote resilient livelihoods and sustainable incomes. Its

Sources: Abate et al. 2019; Digital Green 2019.

measured impact has been key for expansion, as local partners
see results and request further scaling of the organization’s
innovations.

As part of Digital Green’'s monitoring and evaluation process, the
International Food Policy Research Institute, a knowledge partner,
conducted a two-year randomized control trial (RCT) in Ethiopia.
The RCT compared results from Digital Green’s video-enabled
extension approach to the Ministry of Agriculture’s conventional
in-person training approach. Preliminary results show that video-
enabled extension achieves 30 percent greater reach, 35 percent
higher uptake of promoted practices, and a 22 percent increase in
WOmen accessing extension services.

Lessons

Monitoring and evaluation are essential throughout project
implementation for course correction and improvement of
services.

Measuring impact requires additional time and specialized
partnerships.

Evaluating equity components—such as gender—of service
access and adoption is essential for reaching the last mile.

= Showing evidence of impact is key for building further demand.
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Accountability and transparency cut across all other
principles. The accountability principle raises the need for
governance processes and policy frameworks that sup-
port adherence to all the other principles discussed here. It
also emphasizes the need for monitoring, evaluation, and
iterative learning, including expanding the evidence base
for DCAS by using more concrete evaluation methods (e.g.,
human-centered process evaluation, difference of differ-
ence, benchmarking, randomized control trials, etc.; Tall et
al. 2018). Figure 10 highlights the components of account-
ability and transparency that are not addressed in the other
principles. Furthermore, the Digital Green case study (Box
5) exemplifies how the monitoring and evaluation process
was incorporated throughout the project to garner evidence
of impact that leads to more engagement and improved
technological solutions.

m Key Components of Financial Sustainability for DCAS

A service is financially sustainable if it generates sufficient
value to continue to operate indefinitely without donor fund-
ing, although sustained public investment is still necessary.
Ultimately, private sector costs are covered by revenue and
profit, and public sector costs are covered by tax revenue.

Further data and evidence is needed to show the additional
commercial value of DCAS, providing customers with the
real or perceived transaction costs of participation. Over
the longer term, a common market analysis framework
could be developed with multiple organizations contrib-
uting to help achieve an enhanced, shared understand-

ing of the DCAS market, as highlighted recently by the
Initiative for Small-scale Finance and Swiss Re. This can

/=
=9
=

DEVELOP DIGITAL CLIMATE-INFORMED
ADVISORY SERVICES (DCAS) WITH THE MAIN
USER IN MIND, FOCUSING ON LAST-MILE
CHALLENGES

To maintain relevance and responsiveness, DCAS
should be designed to reach the broadest user
segments possible while still addressing the needs of
marginalized communities and be adaptive to new
information needs (e.g. COVID-19, locust swarms,
cyclones).

Ensuring that the market includes only well-regulated
DCAS solutions that are aligned with farmers’ needs
will improve trust. In turn, this will improve uptake and
facilitate the integration of DCAS into national/subna-
tional plans.

Source: Authors.

BUNDLE SERVICES AND PROMOTE
EFFICIENCIES THROUGH SPECIALIZATION

Bundled services—such as DCAS complemented by
insurance, market, or input services—often have
higher engagement and greater benefits. In addition,
promoting the delivery of specific DCAS elements
through specialized segments of the value chain
encourages economies of
scale, reducing the overall cost of DCAS.

<
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FOCUS ON THE MOST RESPONSIVE
SEGMENTS
OF THE FARMING POPULATION

Establishing a foothold in responsive segments of the
customer base (e.g. youth and entrepreneurial
farmers) helps achieve more efficient growth in
market penetration while promoting farmer-to-farmer
dissemination of services.

/@~
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SHIFT TO AN INCLUSIVE MARKET SYSTEM
APPROACH WHEN DESIGNING AND IMPLE-
MENTING DCAS

Rather than conceptualizing DCAS as solely a method
for communicating information to farmers, the design
and implementation of DCAS should consider the
multiple social, economic, and environmental benefits
across the value chain and throughout the market
ecosystem.
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Box 6 | Example of the Principle of Sustainability in Practice

Project Title:
- Jokalante
Aim:
- Promote uptake of improved climate-smart agricultural

practices to complement existing agriculture extension in a
financially sustainable manner

Country:

- Senegal
Dates:

= 2076-present

Overview

This social enterprise uses local languages and a variety of tools
to deliver credible, accessible advisory services to hard-to-reach,
last-mile, farming households at scale.

Key features

Jokalante set up the TICmbay (ICT Agriculture) platform, where
they collect data from farmers to enable different stakeholders to
deliver a personalized service. It works with the national meteo-
rological service to develop a financially sustainable business

Note: See Appendix D for the list of relevant service actors.
Source: Landell Mills 2019.

better inform where to target the promotion of DCAS in
agricultural systems and geographies (ISF Advisors and
Swiss Re 2020).

Figure 17 highlights key considerations for building finan-
cially sustainable DCAS. Box 6 provides an example of a
service that has exemplified sustainable approaches.

Scalability refers to the capacity of a climate service to
be replicated, spread, or adapted to increase the level of
impact (Sulaiman et al. 2018). The scalability of DCAS
includes access, use, and benefit from a service; the

model for sending weather advisories to farmers and fishers
where interactive voice response messages and short message
service (SMS) messages are sent in the recipient’s preferred
language.

Jokalante's revenue model is based on contracts with nongovern-
mental organizations, input dealers, and cooperatives, who wish
to disseminate advisory services to farmers in their supply chains
and projects.

Lessons

- Jokalante uses a systems approach that centers around
stakeholder collaboration to map and input information into the
service.

= Tailored information delivery models have allowed the project
to bridge the last mile and reach 800,000 rural men and women
in 12 regions of Senegal.

- Jokalante's revenue model has accelerated the expansion of
service coverage. This social enterprise model has contributed
to the longevity and success of the project while still allowing
for a focus on serving the most vulnerable and hardest-to-
reach populations.

strategies and methods employed to transition from a
pilot to a subnational, national, or regional scale; and the
management of the challenges and trade-offs involved in
this transition. The contextual demands of farmers should
determine the appropriate level of “scale” to be achieved.

Much of the appeal and strength of DCAS for building the
resilience of small-scale agricultural producers comes from
their potential to reach large farming populations and thus
scale up beyond levels possible via other methods. Figure
12 puts forth some key elements of scalability while Box 7
provides an example of a DCAS reaching scale.
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Key Components of Scalability for DCAS
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PROMOTE FORWARD-LOOKING REGULATION
THAT MAXIMIZES CONSISTENCY ACROSS
COUNTRIES/REGIONS

Consistent regulation would enable replication of
digital climate-informed advisory services (DCAS) to
countries and the development of regional service
delivery. Varying regulations disincentivize scaling
DCAS because they
require customized solutions.

SUPPORT GOVERNMENTS TO INITIATE
AND MANAGE PUBLIC-PRIVATE
PARTNERSHIPS (PPPS) EFFECTIVELY AND
ENHANCE INTRAGOVERNMENT
COORDINATION

It is important to deepen the understanding of PPP
design and management and support coordination
between government ministries on DCAS. Partner-

ships with already existing PPP initiatives can provide

further guidance and support for governments.

IMPROVE CAPACITY AND RESOURCES
FOR COOPERATIVE DCAS SOLUTIONS

Farmer cooperatives can hold valuable data for DCAS

and are important partners to expand the coverage of

weather station infrastructure and deliver services to
their members.

BUILD ON WHAT ALREADY EXISTS,
WHEN AND WHERE POSSIBLE

Better incorporation of DCAS into existing extension
services
on the national or provincial/state level is more
efficient than developing parallel services. This
involves technical assistance, linking government
agencies to vetted DCAS providers, and covering the
additional costs of adding climate components into
these programs.

BRIDGE THE ACCESS-ENGAGEMENT
GAP VIA INNOVATIVE SOLUTIONS

Engagement and application of DCAS is lagging
growth rates. For digital agriculture services in Africa,
only 42 percent of registered users are estimated to
use the service with any frequency (Tsan et al. 2021).
Co-creation encourages engagement. Participation
also can be promoted by improved DCAS timeliness
and accuracy; this can be achieved, for instance, by
technological innovations including automated
systems, artificial intelligence, and cloud computing.

ESTABLISH A COORDINATED
COMMUNITY OF PRACTICE

The DCAS community should articulate learning and
innovation needs; establish areas for collective action
and collaboration; and develop common tools,
standards, and operational frameworks as global
public goods. It is essential to understand the limits
and effective interplay of development assistance,
governments, markets, and value chains.

Initiatives themselves can proactively facilitate policy
change, enabling scalability.

&
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SUPPORT LARGE-SCALE FARMER OUTREACH
FOR PPP OR PRIVATE ENTERPRISE MODELS
THAT HAVE PROVEN EFFECTIVE

Successful delivery models that lack the resources to
scale up should be identified and supported. A
proposal request process could short-list projects to
receive finance for scaling.

INTEGRATE SERVICE PLANS INTO A
LONGER-TERM INVESTMENT PLAN

DCAS providers should formulate short-, medium-,
and long-term goals for DCAS. Linking planning with
funding mechanisms will be critical for upscaling.

Source: Authors.
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Box7 | Esoko: An Example of the Principle of Scalability

Aim:
- Help farmers, agribusinesses, and development organizations

reach rural communities with services and solutions that help
improve their livelihoods

Countries:

= Over 20 countries (including Burkina Faso, Céte d'Ivoire, Ghana,
and Malawi)

Dates:
= 2008-present

Overview

Esoko, a franchise model company, provides farmers with
climate-informed agricultural advisories plus a range of other ser-
vices, including market intelligence, a farmer helpline, and access
to finance and insurance. Esoko partners with a wide range of
public and private actors. Over a short period, it has reached more
than 1.2 million farmers.

Key features

Esoko helps to profile people, collect field data, and deliver

services that inform under-served communities in over 20 coun-
tries. With small-scale farmers as its primary focus, Esoko uses
multiple data sources, including open government data, to guide

Note: See Appendix D for the list of relevant service actors.

farmers in improving their farming operations and securing better
prices. This is achieved by improving accessibility to relevant
information through automated alerts sent via short message
service (SMS), voice messages, and call centers.

Financial sustainability is achieved through a farmer subscriber
model and a multitiered revenue model in which data collected by
Esoko (e.g., market price data) are provided to farmers and resold
to business clients.

Its services can be categorized into four main areas—surveys,
content, messaging, and payments—all in an integrated commu-
nity management platform.

Lessons

= Combining robust technology with strong field deployment
expertise is crucial for serving last-mile customers.

= Delivering a range of services, especially linking to tangible
services such as digital finance, is important for sustaining
farmers’ willingness to pay and scaling.

- Public-private partnerships are crucial for lowering risks faced
by private companies and ensuring rapid upscaling.

- lterative interactions with small-scale farmers allow services
to assess challenges, design fit-for-purpose solutions, maintain
customer loyalty, and expand customer base.

Sources: Based on unpublished research by P.A. Williams (Council for Scientific and Industrial Research and Global Commission on Adaptation); van Schalkwyk

etal 2017.

5. A Preliminary Typology for
Targeting DCAS Investment

To meet the global demand for DCAS, innovative partner-
ship and investment models are needed. Table 3 suggests
a simple typology to highlight different pathways for provid-
ing DCAS to small-scale agricultural producers. In practice,
all DCAS investments and program designs should be
demand driven.

Public and donor investments in infrastructure to enable
DCAS are especially critical in “activate” areas. Different
DCAS models will be needed within such geographies to
ensure that last-mile users, and those most vulnerable, are
reached with DCAS.

Countries in the “activate” category require substantial
infrastructure and policy reform to create the needed
enabling environment for DCAS. With limited private sector

investment incentive, public and donor resources will be
critical. Investment is required now so that countries can
“leapfrog” into a digital future in the next decade (Cisco
2020; Steiner et al. 2020).

The “accelerate” categories include countries with an
adequate enabling environment for digital services and
private investments. For the “accelerate (low)” category,
government-led farmer extension programs or donor-
funded projects are more common, and they may contract
with small domestic service companies (e.g., Agence
Nationale de I'Aviation Civile et de la Météorologie’s DCAS in
Senegal) or overseas companies to assist (e.g., the Ethio-
pian Agricultural Transformation Agency’s engagement of
Digital Green). Also, large multinational agricultural compa-
nies (e.g., Yara, Syngenta Foundation) and start-ups (e.g.,
Hello Tractor) are still rapidly growing in these countries.
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Preliminary Investment Typology for DCAS

DIGITAL READINESS STAGE

Activate

Accelerate (low)
= Public-led PPPs

Accelerate (high)

= Public- and donor-lead = Private sector coopetition = Private sector with public

Dominant ht
partnership programs - CS0-led initiatives - Private-led PPPs Oversig
models = CSO-led initiatives « Public- and donor-led programs
DCAS = Hard and soft infrastructure = Piloting innovative digital = Transboundary services? = High-tech digital solutions
investment = Focused services solutions = Scaling digital bundled = Global services
examples - Data policy reform = DCAS start-up investments services . DCAS for transformative
- Budgetary reform for DCAS = Expansion of infrastructure = \/enture capital investments system shifts
= Longer-term planning and
implementation
Example = Afghanistan, Cameroon, Haiti, = Bangladesh, Ecuador, Egypt, = Brazil, Macedonia, Mexico, = Australia, Canada, Israel,
countries Mozambique, Papua New Iran, Philippines, Mongolia, Russia, Saudi Arabia, Vietnam Japan, Spain, United Arab

Guinea, Yemen South Africa

Emirates

Notes: CSO = civil society organization; DCAS = digital climate-informed advisory services; PPP = public-private partnership. Digital readiness stages are drawn from

Cisco 2020;

2 These are services that use an integrated sector approach and consider neighboring countries’ climate and natural resource use, such as FutureWater's drought

monitoring tool in Vietnam (FutureWater 2014).

A more favorable private sector environment and more
established companies generally operate in “accelerate
(high)” countries. They may have the capacity to lead
public-private partnerships (PPPs), working with govern-
ment extension services to scale their coverage. Start-up
and “bridge” subsidies (i.e., public and/or donor funds
helping private-led DCAS) can support transitioning from
public-led to private-led models.

Countries in the "amplify” category generally have limited
climate-vulnerable and under-resourced producers and
thereby go beyond this blueprint’s focus. Nevertheless,
DCAS here are still critical for building resilience. An
example is Australia, which faces increasing intensity and
frequency of drought.

6. Recommendations

This blueprint lays out the conceptual foundation for what
will be required to effectively strengthen DCAS to build the
resilience of 300 million small-scale agricultural producers
by 2030. The aim was to develop a high-level conceptual
foundation for promoting scaled investment that adheres

to principles of good practice developed from lessons

learned from many initiatives implemented to date. Coordi-

nated global and national communities of practice need to
be established to drive the additional analysis and engage-
ment, particularly within each country, and prioritization is
needed to develop an actionable and coherent investment
framework to reach the desired scale (Figure 13).

In addition, to help raise the ambition and impact of DCAS,
the authors recommend the following actions:

e Substantially increase current investment into DCAS
by 2030. To build the resilience of an additional 300
million small-scale agricultural producers by 2030, the
world’s DCAS funders and investors will need to invest
$7 billion above business-as-usual finance. This figure
is based on highly limited available evidence of what it
costs to provide DCAS to smallholder producers, from
setup through maintenance years. Considerable ad-
ditional analysis is needed not only to refine the nature
of the investment but also to better define the ROI. At
a preliminary level, highly positive cost-benefit ratios
and ROIs (e.g., on average, 1-to-24) are expected for
public and private investors, which will also drive gross
domestic product growth. Producers may see average
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productivity gains of 30 percent and income gains of
25 percent, depending on the product and geography.
These investments should be demand driven and target
the most under-resourced and vulnerable.

e Endorse and apply the six core principles for good
practice in DCAS. The key principles for good practice
in DCAS (i.e., data quality and assurance, equity, co-cre-
ation, accountability and transparency, financial sustain-
ability, and scalability) will be essential for making sure
that DCAS investments are financially sustainable and
optimize impact. When developing initiatives, investors
should integrate these principles during conceptual-
ization, design, and implementation; investors should
provide the necessary resources and timelines to allow
for their adherence. Entities for monitoring and evalu-
ation should track indicators of their use. The DCAS
community could benefit from a playbook for applying
these principles, with clearly articulated guidelines and
evidence of costs and benefits.

* Integrate DCAS into climate risk management ap-
proaches to adaptation. Although DCAS hold great
potential in supporting small-scale agricultural producers
to manage increased climate variability and adapt their
practices, information alone is not enough. Rather than

m The Path forward for DCAS

stand-alone initiatives, DCAS should therefore be in-
cluded in wider efforts, including bundled service delivery,
to support climate change adaptation to maximize their
potential. Moreover, they should be integrated into com-
prehensive risk management plans and policies, such as
disaster management plans, national adaptation plans,
and climate-smart agriculture investment plans.

Invest in global public goods and a learning com-
munity of practice to accelerate the pace of change.
Substantially more work is needed to further develop
the DCAS investment case and, most importantly, to
support national actors to develop the right frameworks
and enabling conditions to welcome and leverage the
needed investment. Producing global public goods and
filling common knowledge gaps would address some
of the barriers to scaling, including the lack of common
definitions, data standards and protocols, monitoring
and evaluation frameworks, and a deeper evidence base
on ROIs in DCAS, especially with respect to resilience
benefits. Providing these global public goods, as well as
nurturing a community of practice to share knowledge
and foster collaboration, would be a critical investment
in reaching the desired scale and quality of service
delivery.

- Detailed business model analysis, including - Higher-resolution analysis of digital readiness - Subnational evaluation of DCAS investment needs
costs and returns on investment - Evaluation of impact of digital climate-informed - Intercomparison of global public goods
- Technology assessments advisory services (DCAS) on resilience (standards, operational guidelines, common

monitoring, and evaluation frameworks)

- User engagement to support rapid - Development of a DCAS knowledge hub to
INNOVATIVE prototyping of models for scale encourage collaboration and innovation
S\ [CLE2NIIRYE . |mpact investor and private sector - Targeted integration of DCAS into relevant
PROTOTYPING engagement on risk tolerance, investment existing information and service platforms
thresholds, and opportunities (e.g, financial technologies)
- Prioritization of investment areas and
STRATEGIC identification of scaling pathways

PRIORITIZATION

- Development of detailed investment frameworks

Source: Authors.
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Appendix A. Working Group
Organizations

Adaptation of African Agriculture Initiative Foundation (AAAI)
Agence Francaise de Development (AFD)

Agence Nationale de I'Aviation Civile et de la Météorologie,
Senegal (ANACIM)

Agricultural Transformation Agency (ATA)

Alliance for a Green Revolution in Africa (AGRA)

Alliance of Bioversity International and CIAT, CGIAR

Big Data Platform, CGIAR

Blue Marble

BonRezo

Centre for Agriculture and Bioscience International (CABI)

CGIAR Research Program on Climate Change, Agriculture and
Food Security (CCAFS)

Climate Corporation/Bayer

Climate Edge

Climate FarmRise/Bayer

Council for Scientific and Industrial Research, Ghana (CSIR)

CTA (Technical Center for Agricultural and Rural Cooperation,
The Netherlands)

Department of Future Technologies, University of Turku
DEVCO, European Commission

DSM

Esoko

FarmERP

Global Center on Adaptation

Global Commission on Adaptation (GCA)

Global System for Mohile Communications (GSMA)
IBM

Inter-American Development Bank (IADB)

International Center for Agricultural Research in the Dry Areas
(ICARDA), CGIAR

International Food Policy Research Institute (IFPRI), CGIAR

International Research Institute for Climate and Society (IRI),
Columbia University

ISF Advisors

Jomo Kenyatta University of Agriculture and Technology
Makere University

Microsoft

Netherlands Space Office

NORAD

Norwegian Refugee Council

Olam

Penelope Cabot Consulting

Practical Action

Producers Market

Public Private Partnership Europe

Regional Integrated Multi-Hazard Early Warning (RIMES)
Stockholm Environment Institute (SEI)

Syngenta Foundation for Sustainable Agriculture (SFSA)
Tetra Tech

The Bill and Melinda Gates Foundation

The Meteorological Office, United Kingdom

UN Food and Agriculture Organization (FAQ)

United Nations Development Programme (UNDP)
University of Florida

University of Reading

University of Southern Queensland

World Bank Group

World Food Programme (WFP)

World Meteorological Organization (WMOQ)

World Resources Institute (WRI)

26 July 2021



Appendix B. Methodologies

This appendix provides a short description of the methodologies
used in the investment blueprint. For information on included
data, please contact the authors.

Methodology for Global Investment Cost

The global investment cost figures to build the resilience of
300 million small-scale producers with DCAS were calculated
as stated below. These investment figures focus on the design,
development, and implementation of DCAS.

1. Cost data were extracted from literature reviews
and interviews.

2. Cost data were compiled and separated into two figures:
start-up costs and annual maintenance costs. The specific
up-front investment costs and annual maintenance costs
were often not available for specific projects; instead, the
overall costs for a range of years were typically provided.

Multiple projects estimated their up-front costs to be between

75 percent and 80 percent of the total project costs for
multiyear projects. Therefore, where no specific data was

available, up-front costs were calculated by taking 75 percent

of the total project costs. Annual maintenance costs were
calculated by taking 25 percent of the total project costs,
divided by the number of years of the project. Below Table B1

The Path forward for DCAS

shows the costs calculated for the case studies on which data
were available as well as the estimated median and mean up-
front and per annum costs per producer and standard error.
The projects in Table B3 cover the range of digital products
DCAS generally provide, as described in Section 2. Projects
include mainly bundled services, such as SMARTseeds

in Indonesia and CommonSense in Ethiopia. They also
include projects focusing mainly on weather forecasts and
agricultural practice advice, such as Global Based Information
Services for Small-Scale Farmers (GEOBIS) in Bangladesh.

3. Annual maintenance costs were kept as equal between years
as marginal costs tend to be low, rapidly approaching zero
with added users. These annual maintenance costs assume a
base cost for maintaining infrastructure.

4. Project costs were calculated as cost per small-
scale producer.

5. Mean, median, and standard error were calculated. These
figures are shown in Table B2.

6. The mean value was used to provide one overall figure for
the investment needs. For the up-front investment costs,
the mean value was $16.20 per small-scale producer.

For the annual investment costs, the mean value was
$1.75 per producer.

PROJECT OR PROGRAM counTRIES | DIEITAL

aWhere® Kenya Accelerate (low)

CommonSense® Ethiopia Activate

Esoko* Ghana Accelerate (low)

GEODATICS® Kenya, Accelerate
Tanzania (low),

Accelerate (low)

Global Based Information ~ Bangladesh ~ Accelerate (low)
Services for Small-Scale

Farmers (GEOBIS)

GREENCoffee Mobile Vietnam Accelerate
Services Application® (high)
Intelligent Decision Bangladesh  Accelerate (low)

Support Systems (IDSS)"

ESTIMATED
NUMBER OF ESTIMATED ANNUALLY
PRODUCERS g:bFnRuocNETRIZ:EoRST RECURRENT PER PRODUCER
REACHED COST (US$)
(US$)
15,000 3.80 1.00
387,300 10.45 0.87
4.43 (average) N/A
67,500 31.50 3.00
1,521,346 1.60 018
119,573 25.60 2.85
304,840 1,818.50 1.54
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ESTIMATED

NUMBER OF UP-FRONT PER

DIGITAL ESTIMATED ANNUALLY

PROJECT OR PROGRAM COUNTRIES PRODUCERS RECURRENT PER PRODUCER

READINESS® PRODUCER COST

REACHED (US$) COST (US$)

Market-led, User- Uganda Activate 5,723,813 0.70 0.01
owned ICT4Ag-enabled

Information Service

(MUIIS)’

Mobile Data for Moving Burkina Faso  Activate 62,394 54.80 4.60
Herd Management
and Better Incomes

(MODHEM)i

Myanmar Mobile Myanmar Accelerate (low) 526,147 77.00 0.93
Value-Added Services

for Agriculture

(MYVAS4AGRI)«

Precision Agriculture for  India Accelerate (low) 1,200 15.00 2.50
Development (PAD)'

Proposed Climate-Smart Cote d'lvoire  Accelerate (low) 312,500 49.50 3.30
Agriculture Investment

Plan™

Satellite Data for Rice Vietnam Accelerate 152,064 13.10 1.45
Farmers/Production (high)

(Sat4Rice)"

SMARTseeds® Indonesia Accelerate (low) 572,968 4.60 0.51
Rwanda Climate Services  Rwanda Accelerate (low) 2.50

for Agriculture Project?

16.20 1.75

Standard error

0.70 01

Notes: The estimated up-front costs are 75 percent of total project costs. In reality, these costs will differ vastly according to context.

2 Definitions of digital readiness categories: Cisco scores countries on a scale of 1-25, based off a holistic set of indicators that go beyond technology to include
basic needs, human capital development, and business/start-up environment. The designations amplify, accelerate, and activate reflect how closely a country score
compares to the 2019 average score of 11.90:
« Activate countries are in the earliest steps of their digital journey; average score of 6.24.
+ Accelerate countries have taken some steps forward but have significant opportunities to accelerate or improve in their digital readiness; due to volume of countries
in this stage, countries
are categorized as “accelerate (high)" if their score is above the group mean of 11.82 or “accelerate (low)” if their score is below the mean.
+ Amplify countries have made significant strides in developing various components of their economy that support digital maturity; average score of 17.89.

> aWhere 2020; > G4AW n.d.a.; % Esoko 2020; ¢ G4AW n.d.c.;* G4AW n.d.b.; ¢ Avko Foundation n.d.; ™ G4AW n.d.d.;" G4AW n.d.f;* G4AW n.d.e.;* G4AW n.d.g.;" Cole and
Fernando 2016; ™ WBG 2019; ™ G4AW n.d.h.; > G4AW n.d.i;; » Nsengiyumva et al. 2018.

Source: Authors.
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7. However, because of limited available data, the up-front global
investment costs needed to reach 300 million producers

by 2030 are also presented as a range—the 95 percent
confidence limits of the mean—as follows:

a. Global up-front investment needs to reach 300 million
producers with a confidence of 95 percent:

i. Lower limit = (mean of estimated up-front per producer
cost - (standard error x 2)) x 300 million producers
= $2.2 billion

ii. Upper limit = (mean of estimated up-front per producer
cost + (standard error x 2)) x 300 million producers
= $7.5 billion

. The overall investment figure needed—up-front and recurrent
costs—was calculated by assuming a growth trend in small-
scale producers supported by DCAS for 2021-30, based
upon historical growth trends. Whereas some of the 300
million producers will be reached soon, for others it will be
closer to 2030; thus, recurrent costs increase over time as
more producers are reached. Historic growth trends were
based upon the Digitalisation of African Agriculture Report,
2018-2019, by the Technical Centre for Agricultural and Rural
Cooperation (CTA), which analyzed annual growth trends

(Tsan et al. 2021). By using the CTA's current numbers of
unique digitalization for agriculture (D4Ag) users and the
GSMA's data on the share of DCAS in D4Ag, baseline values
of DCAS users over the period 2016-19 were calculated, and
that trend line was extended to 2030, with the final target of
300 million additional users by 2030. Thus, the number of
additional users could be calculated for each year as well as
the total maintenance costs per year.

. For the annual cost per small-scale producer, the lower

and upper limits of the 95 percent confidence interval were
used as well as the mean value. The calculations led to an
estimated mean of $1.8 billion needed on annual costs to
support producers throughout 2021-30 with DCAS. Table
B2 presents the lower and upper limits for the 95 percent
confidence interval. Together with the mean up-front cost of
$4.9 billion ($16.20 x 300 million small-scale producers), the
mean total cost for supporting 300 million additional small-
scale producers with DCAS was estimated to be $6.6 billion.

10. The low-end and high-end total costs for the 95 percent

confidence interval were also calculated and are shown in
Table B2. Given the limited data, we use $7 billion as the order
of magnitude of investment funds needed to ensure that 300
million producers are serviced by DCAS.

Total Up-Front, Annual, and Overall Costs for 300 Million Producers for Lower and Upper

Al Limits and the Mean

TOTAL ANNUAL RECURRENT COSTS (USS$,

TOTAL UP-FRONT BILLIONS)
COSTS (USS$,
BILLIONS)

aWhere®

Lower Limit 29
(95% confidence)

49

Upper Limit 75
(95% confidence)

Sources: #aWhere 2020; > G4AW n.d.f.

TOTAL COSTS (US$, BILLIONS)

Market-led, User-owned ICT4Ag-enabled
Information Services (MUIIS)®

6.7

1,010.0
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Additional Data on Small-Scale Producer
Productivity and Income Gains due to DCAS

Identified Productivity and Income Gains for Small-Scale Producers due to DCAS Use

PROJECT OR PROGRAM COUNTRY PRODUCTIVITY GAINS INCOME GAINS (%)

(%)

Participatory Integrated Climate Services for Agriculture Rwanda 24 30
(PICSA)?
DigiFarm (Safaricom) Decision Agriculture & Weather® Kenya 70 70
GEODATICS® Tanzania 23.3 n/a
GEQDATICS? Kenya 82.3 n/a
IDSS® Bangladesh n/a 19.5
GEOBIS' Bangladesh 7 12.5
DigiFarm (Safaricom) Market Linkages® Kenya n/a 100
Precision Agriculture for Development" India 28 (cumin), 8.6 (cotton) n/a
GEOBIS' India 30 n/a
MUISS Uganda 67 70
Myanmar Mobile Value-Added Services for Agriculture Myanmar n/a 10
(MYVAS4AGRI)
PICSA and radio listening clubs' Rwanda 47 56
Esoko™ Ghana n/a 10 (maize), 7
(groundnut)

Note: n/a = not applicable.

Sources: * University of Reading n.d; > Safaricom 2020; ¢ G4AW n.d.c.; ¢ G4AW n.d.c.;* G4AW n.d.d.; * G4AW n.d.b.; 9 Safaricom 2020; ™ Cole and Fernando 2016; - G4AW
n.d.b.;> Microsoft News Center 2017;  G4AW n.d.g.; " University of Reading n.d.; ™ van Schalkwyk et al. 2017.
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Additional Data on Efficiency Gains
Measured in Input Reductions due to DCAS

TABLE B4 Input Use Reductions due to the Introduction of DCAS in Example Projects

PROJECT S%EEDS FO/ERTILIZERS V‘\;,ATER F:AI’ESTICIDES

Geodata Based Information Services for Small-Scale Farmers (GEOBIS),

Bangladesh?

Intelligent Decision Support System (IDSS), Bangladesh® 30.0 20.0 15.0 20.0
Mobile Data for Moving Herd Management (MODHEM), Burkina Faso® 9.9 17.1 n/a 11.4
Myanmar Mobile Value-Added Services for Agriculture (MYVAS4AGRI), 2.0 2.0 2.0 2.0
Myanmar?

Note: n/a = not applicable.
Sources: *G4AW n.d.b.; > G4AW n.d.d.; > G4AW n.d.e; ¢ G4AW n.d.g.

Methodology and Background Information

on ROIs and Cost-Benefit Ratios

Table B5 presents examples of cost-benefit ratios and ROIs for
DCAS. These were obtained either directly from available sources

or indirectly via calculations. The listed cases are just examples
of available data.

Examples of Cost-Benefit Ratios and ROIs for DCAS

PROJECT OR PROGRAM COUNTRY DATA POINT (US$) SOURCE
Satellite-Assisted Pastoral Ethiopia Cost-benefit ratio of 1:48 USAID 2015
Resource Management
(SAPARM)
aWhere Kenya Up to 1:14 cost-benefit ratio aWhere 2020
per year
Precision Agriculture India Cost-benefit ratio of 1:10 Cole and Fernando 2016

for Development
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Methodology for Digital Readiness and Food
System Vulnerability Map

To develop the Digital Readiness and Food System Vulnerability
Map, the following steps were taken:

1.

Data on digital readiness and food system vulnerability were
compiled from Cisco (2020) and ND-GAIN (2020).

High-income countries were eliminated from the compiled
data, according to World Bank (2020) categories.

A three-by-three matrix for digital readiness and vulnerability
was created with three tiers, according to the

a. minimum value to the midpoint of the minimum
and median values;

b. midpoint of the minimum and median to midpoint of the
median and maximum values; and

c. midpoint of the median and maximum to the
maximum values.

Each tier was assigned a different proxy value integer.

5. Proxy values for each axis (digital readiness and vulnerability)

6.

were added together to find placement on the three-
by-three matrix.

The data was mapped using Flourish mapping software.

The Cisco Global Digital Readiness Index (Cisco 2020) includes
the following factors in its analysis:

Basic needs (e.g, life expectancy, access to electricity)

Business and government investment (e.g., research and development
expenditures, investment freedom)

Ease of doing business (e.g., rule of law, time to get electricity)
Human capital (e.g., literacy rate, labor force participation)

Start-up environment (e.g, new business density, venture
capital investments)

Technology adoption (e.g.,, mobile cellular penetration, Internet usage)

Technology infrastructure (e.g., mobile broadband subscriptions, secure

Internet servers)

The ND-GAIN Food System Vulnerability Indicator includes the
following factors in its analysis:

Projected change in agricultural cereal yield
Projected population change

Food import dependency

Rural population

Agriculture capacity (i.e, capacity to equip agriculture areas with
irrigation, total fertilizer use on arable and permanent crop area use,
pesticide use, and tractor use)

Child malnutrition
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Methodology for Global Finance Flows

The following steps were taken to develop the global finance
flows overview:

1. The parameters used for data collection stated that the
investment must be targeted at

a. advisory services;
b. climate change;

c. either DCAS relevant infrastructure, service development,
service implementation, or DCAS-specific research; and

d. only projects that were completed during or after 2015
were included. This includes projects that are still ongoing,
with the latest project expected to be completed in 2027.

2. Raw data was collected via organization focal point interviews
and/or analyses of organization portfolio documents.

3. Inthe case that information was collected from openly
available documents and DCAS was only a portion of the
project or program, only that portion was included in the data
set. Administration and execution costs of that project or
program were also included as an equivalent percentage of
the DCAS component to the total project cost.

4. Global and continental projects or programs were separated
out from the rest of the data.

5. If project or program data was a net sum for multiple
countries, it was assumed that each country received an
equal share of investment.

6. For data that was provided in currencies other than U.S.
dollars, these were converted to U.S. dollars based on
the average conversion rate during the initial year of the
project or program.

7. Investment values were adjusted for inflation so that values
were equivalent to the value of U.S. dollars in October 2020.

[t should be noted that the amount of investment that has been
used to generate or improve DCAS is difficult to estimate for
several reasons:

® |nvestors, especially the public and donor sectors, often do not track
expenditures for DCAS.

DCAS investments are often just one part of a larger suite of
project activities, and specific expenditures for this component are
not delineated.

In PPPs, not all involved partners have a streamlined expenditure-
reporting mechanism; therefore, there is a risk of double
or undercounting.

Investments in DCAS in one region may be able to "buy” more than
in other regions due to purchasing power parity. However, many
DCAS projects in low-income countries are often administrated

or implemented by actors in high-income countries, which skews
purchasing power parity. Additionally, DCAS projects or programs
that involve investment in infrastructure may purchase materials or
technology from nondomestic sources.

Data were collected from the following
organizations and programs:

Adaptation Fund

African Development Bank (AfDB)

Agence Frangaise de Développement (AFD)
Bill & Melinda Gates Foundation (BMGF)

Department for International Development (DFID), United Kingdom (now
known as the Foreign, Commonwealth & Development Office)

Deutsche Gesellschaft flir Internationale Zusammenarbeit (GIZ)
Dutch Ministry for Foreign Affairs (DMFA)

Geodata for Agriculture and Water (G4AW)

Green Climate Fund (GCF)

Least Developed Countries Fund (LDCF)

Mastercard Foundation (MCF)

Norwegian Agency for Development Cooperation (Norad)

Pilot Program for Climate Resilience (PPCR)

Swiss Development Cooperation (SDC)

United Kingdom Agency for International Development (UKAID)
United States Agency for International Development (USAID)
World Bank Group (WBG)
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Appendix C: Additional Resources
for Data Quality Standards

The following resources (Table C1) are examples of existing

standards and guidelines relevant for DCAS. As previously noted, the
principles outlined in this paper elaborate on the Principles for Digital

Development. However, these other resources have additional depth to
components of data conduct, management, and operational practices.

TABLE C1

Key Data Quality Standards and Governance Principles

STANDARD AUTHORITY APPLIES TO m

Principles for Digital Development

Open Data Charter

Open Up Guide for Agriculture

Code of Conduct Toolkit

Responsible Data Guidelines

ICASA Version 2.0 data standards

Climate Data Management System
Specifications

Guidance on Qperational Practices for
Objective Seasonal Forecasting

FAIR Guiding Principles for Scientific

Data Management and Stewardship

Guidelines on Quality Management for
Climate Services (Report 1221)

Open Data Licensing for
Statistical Databases

Guide to Agricultural Meteorological
Practices
(Report 134)

Note: n/a = not applicable.

n/a

Open Data Charter and Global
Open Data for Agriculture and
Nutrition (GODAN)

GODAN

CGIAR Platform for Big Data
in Agriculture

International Consortium
for Agricultural Systems
Applications (ICASA)

World Meteorological
Organization (WMO)

WMO

WMO

WMO

Food and Agriculture
Organization of the United
Nations (FAQ)

WMO

Digital technologies for cross-sectoral
development

Governance principles for public data

Governance for public agricultural data

Use and governance of farmers’ private data

Use and governance of farmers’ private data

Crop modeling data

Management and governance of climate
data

Seasonal forecasting

Four principles (findability, accessibility,
interoperability, reusability) for research data
and publications

This guideline applies Standard 9001

of the International Organization for
Standardization on quality management
standards for climate services

Open data licensing

17 chapters on guidelines to develop
agrometeorological products

https://digitalprinciples.
org

https://opendatacharter.
net

https://openupguideforag.
info
https://www.godan.info/

codes

https://bigdata.cgiar.
org/responsible-data-
guidelines/

White et al. 2013

WMO 2074a

WMO 2020

Wilkinson et al. 2016

WMO 2018

FAC 2020a

WMO0 2012
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https://digitalprinciples.org
https://digitalprinciples.org
https://opendatacharter.net
https://opendatacharter.net
https://openupguideforag.info
https://openupguideforag.info
https://www.godan.info/codes
https://www.godan.info/codes
https://bigdata.cgiar.org/responsible-data-guidelines/
https://bigdata.cgiar.org/responsible-data-guidelines/
https://bigdata.cgiar.org/responsible-data-guidelines/
https://www.sciencedirect.com/science/article/pii/S016816991300077X?via%3Dihub
https://library.wmo.int/doc_num.php?explnum_id=7867
https://library.wmo.int/index.php?lvl=notice_display&id=21741#.YC2xWmhKg2x
https://doi.org/10.1038/sdata.2016.18
https://library.wmo.int/doc_num.php?explnum_id=5174
http://www.fao.org/3/ca7570en/ca7570en.pdf
https://library.wmo.int/doc_num.php?explnum_id=3996

Appendix D: Examples of Cost
Categories for DCAS

Examples of Cost Categories for DCAS

COST CATEGORY

Infrastructure

[ ]

EXAMPLE

National meteorological
and hydrological services
(NMHS)

Telecommunications

Initiatives such as the Systematic Observations Financing Facility, spearheaded by the World
Meteorological Organization, will support 68 countries, primarily least developed countries and small
island developing states, to expand their observation networks to generate and exchange basic
observational weather data from the NMHS. It estimates that USS400 million would be required over 5
years to bring all 68 countries into compliance with the Global Basic Observing Network, established at
the 2019 World Meteorological Congress. The World Bank estimates such investments could yield a 1:26
return on investment.?

The Global System for Mobile Communications (GSMA) estimates that in Sub-Saharan Africa, mobile
operators will invest $52 billion in infrastructure rollouts between 2019 and 2025 despite economic
uncertainty due to the COVID-19 crisis. This is predicted to yield half a billion mobile subscribers in Sub-
Saharan Africa by 2021, 1 billion mobile connections by 2024, and 50% subscriber penetration by 2025.
However, taxes on mobile ownership constitute 7% of income for the bottom 20% earners—well above
the 2% affordability target set by the United Nations, limiting mobile penetration and incentive for private
investment in mobile infrastructure.®

Enabling environment

Government leadership

Standards, protocols,
and requlations

Human-centered
co-creation processes

Partnership development

The Food and Agriculture Organization of the United Nations has recently proposed the establishment of
an International Digital Council for Food and Agriculture that will advise governments and other relevant
actors and drive the exchange of ideas and experiences to harness the opportunities presented by
digitalization.? This was developed in response to a request from 74 agriculture ministers and high-level
representatives from international organizations during the 2019 Global Forum for Food and Agriculture.
A national framework for climate services (NFCS), as outlined by the Global Framework for Climate
Services office, will also improve coordination and leadership among domestic actors using digital
climate-informed advisory services (DCAS). NFCS progress is evident across Sub-Saharan Africa and
western South America but is largely lacking in much of the rest of the world.e

See Appendix C.

The Participatory Integrated Climate Services for Agriculture (PICSA) is a participatory approach for
climate services and agricultural extension, now in use in 20 countries.” PICSA combines historical
climate data and forecasts with farmers' knowledge of what works in their own context. It then uses
participatory planning methods to help them make informed decisions about their agricultural practice.

As an example, Mercy Corps’ AgriFin program provides market facilitation to drive collaboration and
innovation between financial institutions, mobile networks, educators, climate information providers,
tech start-ups, and government to develop and deliver DCAS and other digital solutions for smallholder
farmers." It conducts farmer-centric and farmer-driven market research and needs assessments,
identifies core delivery partners and additional bundled service providers, and links service delivery to
farmer education and digital literacy campaigns, acting as a trusted broker and intermediary to develop
scalable solutions.
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COST CATEGORY EXAMPLE

Institutional readiness

The Climate for Development in Africa Programme is an initiative of the African Union Commission,

the United Nations Economic Commission for Africa, and the African Development Bank that aims to
enhance the capacity of national and regional institutions to produce, disseminate, and use high-quality
climate information for development decision-making.' Similarly, the Global Forum for Rural Advisory
Services helps to enhance the performance of advisory services by focusing on the efficacy and
professionalism of institutional networks that offer rural advisory services.

Development and startup costs

Technology development
and maintenance

Enumeration and
registration of farmers

Validation of simulation
models

Monitoring and evaluation
of DCAS inputs and
outputs

Both private sector or proprietary platforms and open-source systems entail their own set of costs,
especially related to installation and maintenance. There are trade-offs between subscribing to a prebuilt,
robust private platform versus creating and maintaining open-source software. Private platforms may
have the advantage of not being beholden to inconsistent donor or public funding for maintenance. Open-
source software may reduce transactions costs through interoperability and transparent methodologies
while also offering greater flexibility in the longer term by not being locked in to expensive vendor
contracts.

The Digital Public Goods Alliance is an initiative that facilitates the identification, development, use of,
registration of, and investment in digital public goods as a method of reducing investment redundancies.
For example, FarmStack is an open-source, interoperable, standardized data platform helping
organizations and farmers integrate data to generate customized information for farmers, which can be
disseminated over a variety of mechanisms.

Enumeration (i.e., identifying and counting) and registration of farmers can be one of the largest cost
categories for DCAS. Costs can be reduced by leveraging existing public sector programs that enumerate
farmers, such as social safety net programs, or private sector efforts that enumerate farmers as part of
value chain traceability, agribusiness, or telecom loyalty programs. Additional enumeration can also be
avoided by simply bundling with existing services.

The central government in India is creating a nationwide digital farmer database, linking an individual's
biometric identification number (aadhar) to deliver farm-oriented benefit schemes.!

Validation of models can be costly. Validation could be done as a global public good to reduce the

costs for DCAS providers and increase the robustness of models. For example, the Agricultural Model
Intercomparison and Improvement Project (AgMIP) conducts global and regional assessments, crop
model intercomparisons, and produces open-source data and visualization tools as a global public good
to foster innovations, such as DCAS.™

As the environment continually changes and climate variability increases, these types of models will
need to be updated and validated more frequently. This can be supported by automated data collection
systems (e.g., climate and hydrology) as well as by leveraging big data in smart farming by using sensors
as part of the Internet of Things and cloud computing.”

Although simulation models are useful for understanding general conditions and trends and informing
policies and plans, advisories should be based on agricultural knowledge and evidence (e.g., field trials,
lab testing, user experience, etc.). It is not just agroclimatic simulation models that require validation;
agricultural research inputs that inform DCAS also require thorough monitoring and evaluation before
being integrated into DCAS design. On the other side, application of DCAS recommendations or
information should be critically monitored and evaluated to inform improved iterations of DCAS models.

Digital Green provides an example of how to evaluate impacts through randomized control trials.

Notes: > WMO 2019; > GSMA 2020; > GSMA 2020; ¢ FAO 2020b.; & GFCS 2020; * University of Reading n.d.; ¢ See Box 2.; ™ Mercy Corps 2020;" ClimDev-Africa 2012;
GFRAS 2021; * Digital Public Goods Alliance n.d.;" Chhabra 2020; ™ AgMIP 2020; ™ Wolfert et al. 2017; > See Box 5.

Source: Authors.
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Appendix E: List of Case Study-
Relevant Actors

Box 2: Rwanda Climate Services for Agriculture

CCAFS—lead partner

CIAT

NMHS

Meteo Rwanda

Rwanda Agricultural Board
IRI

University of Reading
World Agroforestry Centre
USAID—funder

Box 3: SMS On-Demand Service for Weather, Pasture, and
Market Price Information for Herders in Mongolia

Mercy Corps—project convener, platform developer, and provider of
technical, financial, and staffing support

Mongolia National Emergency Management Agency—platform manager
and project implementer

WFP—project implementer

National Agency for Meteorology and Environmental Monitoring—access
provider to official weather forecasts and pasture information

Mongolia's National Statistics Office—access provider to official hay and
fodder price statistics

USAID's Bureau for Humanitarian Assistance and the European Civil
Protection and Humanitarian Aid Operations—multiyear donor funding

Communications Information and Technology Authority, G-Mobile,
Mobicom, Skytel, and Unitel—access providers to special number and
mobile network at not-for-profit rates for short message service (SMS)

Local government authorities—service intermediaries that primarily
conduct trainings, raise awareness, and engage users

Herders—last-mile users

People in Need—implementation partners for weather
information expansion

WFP—technical assistance provider and cofunder for the market price
information expansion

Box 4: The Global Framework on Climate Services’ Adaptation
Programme for Africa

WMO—Ilead implementing partner
CCAFS—research partners for Phase |
Chr. Michelsen Institute—research partner for Phase |

International Federation of Red Cross and Red Crescent Societies—
implementing partner

WFP—implementing partner
World Health Organization—implementing partner
CCAFS and WFP—food security component leaders

Malawi Department of Climate Change and Meteorological Services and
the Tanzania Meteorological Agency—national implementing partners

University of Reading—implementing partner

Farm Radio International and Farm Radio Africa—implementing partners

Box 6: Jokalante

United Purpose—consortium lead of TICmbay
Practical Action—consortium member

SBC4D—consortium member

Box 7: Esoko

Esoko—provides digital platform, field deployment, and helpline
Ministries of Food and Agriculture—content for extension messages

Meteorological Agency—provides seasonal weather data and training;
served as technical backstop for Esoko farmer helpline

aWhere—provides virtual weather stations for observed, forecast, and
crop and disease model information

Telecoms (e.g., Vodafone, MTN)—SMS gateway and mobile money
payment services

MicroEnsure—insurance provider

Expert network from research- and agriculture-based institutions
(e.g, CGIAR)—reviews all 0 Esoko content and provides trainings
on new/updated agricultural protocols; conducts research on
farmers and messaging

World Bank/donors—fund some of the start-up costs
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Abbreviations

AFD Agence Frangaise de Développement

AfDB African Development Bank

AgMIP Agricultural Model Intercomparison and
Improvement Project

AGRA Alliance for a Green Revolution in Africa

ANACIM Agence Nationale de I'Aviation Civile et de la
Météorologie, Senegal

APA Adaptation Programme for Africa

ATA Agricultural Transformation Agency

BMGF Bill & Melinda Gates Foundation

CABI Centre for Agriculture and Bioscience International

CCAFS CGIAR Research Program on Climate Change,
Agriculture and Food Security

CIAT International Center for Tropical Agriculture

CSIR Council for Scientific and Industrial Research

DCAS digital climate-informed advisory services

DFID Department for International Development

D4Ag digitalization for agriculture

DMFA Dutch Ministry for Foreign Affairs

ENACTS Enhancing National Climate Services

FAO Food and Agriculture Organization of the
United Nations

GCA Global Commission on Adaptation

GCF Green Climate Fund

GEOBIS Global Based Information Services for
Small-Scale Farmers

GFCS Global Framework for Climate Services

G4AW Geodata for Agriculture and Water

GIz Deutsche Gesellschaft fiir
Internationale Zusammenarbeit

GSMA Global System for Mobile Communications

ICARDA International Center for Agricultural Research
in the Dry Areas

IDB Inter-American Development Bank

IFPRI
IRI

IVR
LDCF
MCF
MEL
NACDC

NFCS

NMHS
Norad
PICSA

PPCR
PPP
RCT
RIMES

ROI
SbC
SMS
SOFF
UKAID
USAID
USsD
WBCSD
WFP
WMO

International Food Policy Research Institute

International Research Institute for Climate and
Society (Columbia University)

interactive voice response

Least Developed Countries Fund
Mastercard Foundation

monitoring, evaluation, and learning

National Agriculture Content Development
Committee (Malawi)

national framework for climate services
national meteorological and hydrological services
Norwegian Agency for Development Cooperation

Participatory Integrated Climate Services
for Agriculture

Pilot Program for Climate Resilience
public-private partnership
randomized control trial

Regional Integrated Multi-Hazard Early Warning
System for Africa and Asia

return on investment

Swiss Development Cooperation

short message service

Systematic Observations Financing Facility

United Kingdom Agency for International Development
United States Agency for International Development
unstructured supplementary service data

World Business Council for Sustainable Development
World Food Programme

World Meteorological Organization
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Endnote

1 These estimates are based on a literature review from Tsan
et al. (2021). There were assumed to be 190 million small-
scale farmers and 60 million pastoralists in Africa during
2018. The projected growth rate was based on a Technical
Centre for Agricultural and Rural Cooperation (CTA) survey in
which participants reported a historical (three-year) annual
growth rate of 44 percent in terms of their number of regis-
tered farmers. Participants estimated a future average growth
rate of 55 percent over the next three years.
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