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Private Markets for Climate Resilience
Private Markets for Climate Resilience (PMCR) is the first initiative by a development institution to 
better understand climate resilience solutions provided by the private sector. The Inter-American 
Development Bank (IDB) and the Nordic Development Fund (NDF) have funded this assessment that 
focuses on transport and agriculture, and examines current best practices and opportunities related 
to climate resilience, by identifying leaders that are shaping the national markets, highlighting prod-
ucts, services, tools and processes.

The private sector across the world is already supplying hundreds of products and services that could 
be classified to increase climate resilience, but in general, recognition of the climate benefits of these 
solutions is limited; they are responding to other drivers of demand within their market. This report 
brings together common, practical and affordable solutions already in place across the agriculture 
and transport sectors in Colombia, South Africa, the Philippines, Nicaragua, Kenya and Vietnam. 
Some of the solutions presented are not yet fully established and are reported here as resilience 
innovations. This report does not represent a full market assessment of the selected solutions, rather 
highlights products and services already in the market together with barriers and opportunities for 
demand and supply, and current financing options.

Proadapt
The current and future impacts of climate change pose substantial threats and costs to business and 
communities across Latin America and the Caribbean (LAC) through systemic, incremental changes 
or abrupt extreme weather events. Yet, in the face of growing climate variability, there are many 
business and investment opportunities arising from the demand for climate resilience solutions 
in the form of emerging technologies, analytics, market intelligence, as well as new financial and 
investment models that better frame and manage climate risks.

Against this backdrop, Inter-American Development Bank (IDB), in partnership with the Nordic 
Development Fund (NDF), created a project facility, Proadapt. The Facility pilots and supports the 
development of new and innovative methodologies, tools, and business models and knowledge to 
help micro-, small- and medium-sized enterprises (MSMEs) and their supporting ecosystems reduce 
their vulnerability to climate change while seizing related business opportunities in the LAC region.

The Facility includes four components: (i) development and promotion of a climate adaptation action 
plan, and stakeholder outreach; (ii) development of business models and tools to help enterprises de-
velop new business opportunities; (iii) individual sub-projects for building MSME climate resilience 
and related business opportunities; and (iv) knowledge management and dissemination.
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Foreword

From Climate Change to a Climate of Opportunity 
At this writing, a pandemic is slamming into countries with 
the speed and lethal impact of a natural disaster.  Unlike most 
disasters, this crisis strikes the entire world at once. Global 
climate change, though less immediate, shares some similar-
ities with the COVID-19 contagion. Climate change is also a 
global humanitarian and economic crisis that contributes 
to the death, illness and poverty of those most vulnerable to 
drought, floods, invasive pests, vector-born disease, extreme 
heat, cyclonic winds and other climate-related risks. The climate challenge and a pandemic both 
underscore our common vulnerability and the unequal distribution of capacities and resources 
available to build resilience against these threats. Pandemics and climate change share one more 
commonality: neither are Black Swan events. Scientists have warned us for years about both. Once 
again, we are reminded of our habit of discounting both the lessons of the past and the science -based 
scenarios of the future. 

This study, Private Markets for Climate Resilience (PMCR), examines an overlooked component of 
the response to climate change: private-sector contributions to climate adaptation and resilience.  
Climate adaptation is the process by which humans attempt to adjust to the many challenges that 
result from climate risks. One successful outcome is greater climate resilience, or the capacity to 
identify, manage, mitigate and withstand risks related to climate change. The majority of work on 
climate adaptation and resilience has until recently been done in the climate science and policy com-
munities, with little attention paid to the role of private actors in producing technologies, products, 
and services that help people and organisations to become more resilient in the face of a changing 
climate. 

The PMCR study was commissioned by the Proadapt Facility of the Inter-American Development 
Bank (IDB), a program that fostered private climate resilience and related opportunities in Latin 
America and the Caribbean. Both Proadapt and the PMCR were generously co-financed by the Nordic 
Development Fund (NDF). Proadapt was based on a few basic propositions. First, that climate relat-
ed risks are becoming more extreme. Second, the poorest countries are among the most vulnerable 
to climate hazards, and the least responsible for this threat. They will pay the highest price without 
enjoying the economic benefits that created this atmospheric waste in the first place. 

The third idea was that innovative and safe carbon neutral or negative technologies may come online. 
If so, they could be game changers, but we cannot plan on this. Our current emissions trajectory 
continues to far exceed the pathway needed to avoid destabilising increases in temperature. Even 
with rapid and dramatic reductions in emissions, we are likely locked into many decades of esca-
lating climate risk. Fourth, climate resilience must become a major priority in developing countries 
because of threats to their food and water security, livelihoods, settlements and public health. 

Fifth, the demand for resilience drives business opportunities for many businesses, large and small.  
As climate risks worsen, public and private customers need to protect people, property, operations, 
supply chains and natural ecosystems from heat, drought, flooding, sea-level rise, cyclonic winds and 
other threats. This need is a business opportunity for many firms. Private resilience solutions are 
growing in demand. To name only a few, these include water-efficient products and services, micro- 
technologies in ‘precision agriculture,’ drought-resilient seeds, storage and logistics, consulting and 
digital solutions, climate analytics, new building materials, monitoring systems and construction 
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methods, including more efficient ways to cool buildings, resilient infrastructure, including trans-
port, adequate back-up power generation, distribution, micro-grids, storage and disaster recovery. 
Other resilience solutions in healthcare include new vaccines, pharmaceuticals, measures and 
products to protect against vector-borne diseases delivered by mosquitoes and other pests, more 
resilient healthcare facilities and other solutions. To date, no systematic research or data is collected 
anywhere on private-sector resilience solutions.  

A sixth idea is that companies rarely use climate terminology when describing their resilience solu-
tions. Weather is often used in the description of resilient products and services, but enterprises 
mostly use the language off business: finance, risk management and marketing etc. to describe their 
activities, not climate jargon. It is possible that companies disappear from “adaptation policy ra-
dar,” reinforcing the perception that private actors are inactive in this area. This may deprive public 
authorities of useful market intelligence that could inform national adaptation planning and other 
policies.  

The Private Market for Climate Resilience 
These ideas led to a market assessment of private resilience in 
one country in each of three regions: Latin America, Africa and 
Asia. This would provide an overview of the private market and 
innovation in climate resilience, identify opportunities, highlight 
weaknesses inhibiting a market response, and examine the role 
of policy and enabling frameworks among other variables. The 
team chose the agriculture and transport sectors in Colombia, 
South Africa, and the Philippines, with desk studies in Nicaragua, 
Kenya, and Vietnam.

Agriculture was obvious given its vulnerability and importance for food and water security, employ-
ment and livelihoods. Transport is a major sector, but in most countries investment decisions in 
transportation are made by the public sector.  However, most of the work performed — from design 
to maintenance — is by the private sector.

This study is a pioneering effort. It is a first-of-its-kind inquiry into private climate resilience in three 
emerging and developing markets. First, the study has found an active market for private climate 
resilience solutions, albeit very specific to sectors, tasks, climate hazards and geography. The study 
notes that the hundreds of solutions identified by the team are a tiny fraction of the innovations in 
just these two sectors, suggesting that the scope of private action in resilience is vast and remains 
terra incognita. This assessment has generated a significant amount of insight and data, through 
interviews, primary and secondary sources, and market intelligence culled from private and public 
actors. 

The team found that while many businesses are producing and selling resilience solutions, the “tyr-
anny of the short term” still hinders the strategic thinking in many firms with respect to resilience in 
one’s own operations and the recognition of opportunities driven by climate risks. 

Further, the business case for resilience has not been well articulated, various attempts among con-
sulting firms to calculate the “cost-benefit” of resilience activities have not led to any one approach 
going mainstream. While most businesses acknowledge that greater climate resilience is an impor-
tant goal, the lack of a recognized financial metric, such as a “return on resilience” measure, impedes 
private action in this area. 

This assessment further highlights the divergent framings of climate change by public and private ac-
tors, noting that this “demands a serious examination of the status quo.”  This is important given that 
neither public nor private action alone can address the climate threat. The public and private sector 
need each other when it comes to climate resilience. Private actors need the enabling frameworks 
and policies that foster transparency, trust and that facilitate investment and commerce. Smaller 
companies need access to finance. The public sector needs private innovation, creative problem 
solving and capital. Going forward, any effective climate response will at times blur the boundaries 
between public and private, between planning and the market.  This will not come about because of 
impassioned pleas for cooperation, but because of the practical necessity for collaboration among 
governments, businesses, experts and communities leaders on the profound challenge of climate 
change. 
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This study found that smaller firms, including some microenterprises, are among the most innovative 
enterprises in climate resilience.  Specialised consultancies offering knowledge and technical servic-
es are all very small, including analytics or digital solutions in agriculture or on sediment monitoring 
in ports. The advisory and consultancy space is developing rapidly in agriculture in surveillance 
intelligence. These and other specialised knowledge companies speak often and emphatically about 
climate risks and resilience, and represent a growth market in the countries studied.

The PMCR notes that no set of resilience solutions, technologies, products, or risk protocols can 
solve the challenges ahead. Research and development and continual improvements to processes 
and products will help companies adapt to risks and generate opportunities. Moreover, resilience 
building is not a “one-off” intervention, but part of a continual effort to feed emerging data and mar-
ket intelligence into an organisation’s production system and to inform its actions. Resilience is not 
static, but one outcome of the continual improvement of a production system. As Anton Cartwright in 
Cape Town commented, “The intuitive appeal of resilience thinking lies in the ability to look beyond 
a single goal such as profit maximisation, and to address entire systems.”

Greater climate resilience is a necessity as we move into an uncertain future. While the cost and 
benefits of resilience building are debated, climate risks are accelerating. Yet relatively little attention 
has been paid to the business and ultimately investment opportunities presented by the need for 
buyers to better manage climate risks that threaten public and private property and assets, value 
chains, people, settlements and natural ecosystems. This study has revealed the emergence of mar-
ket opportunities in climate resilience in emerging and developing markets. As noted, many micro-, 
small- and medium-sized enterprises, the largest employers in these countries, are among the most 
innovative in resilience in their respective markets.   

Since this study was commissioned, the Task Force for Climate Related Disclosures, the Global 
Commission on Adaptation, the Network for Greening the Financial System and other high-level 
initiatives have placed greater focus on the private sector and resilience. However, PMCR has been 
among the very first inquiries into private contributions to climate resilience, and points the way 
toward a new research agenda on private innovation in climate resilient technologies, products and 
services in developing and emerging markets.

Steven R. Wilson 
Senior Advisor, Director
May 2020

Senior Advisor, The Climate Service (https://www.theclimateservice.com);  
Director, Sustainability and Resilience, Levoca Impact Labs (https://www.levocaimpactlabs.com) 
Former Senior Investment Officer, Inter-American Development Bank,  
and designer and manager of the IDB Proadapt program.
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Executive Summary

Climate change is increasing risks and impacts in all parts of the world economy, particularly in 
developing countries where there is less capacity to adapt. By 2030, the cost of making climate- 
vulnerable business sectors resilient is expected to be in the billions per year. Given that public 
action alone will not be sufficient to address the scale of this threat, the cost will largely be borne by 
the private sector, which will also be tasked with developing the innovative products and services 
needed to drive resilience. However, in private markets, where there is a very large challenge there 
is also a very large opportunity and businesses stepping up to increase their resilience or to create 
new climate-resilient products, services and business models, will be well-positioned to safeguard 
their own future as well as take the lead on transforming entire economic systems. 

The Private Markets for Climate Resilience (PMCR) study took a frontlines look at how the 
private sector in six developing countries is addressing climate risk in agriculture and transpor-
tation. Along with identifying a vast range of promising climate resilient business examples and 
solutions, the study also came up with findings and recommendations on how private stakeholders 
could become more active, as well as gain a better understanding of the business case for doing so. 

The working assumptions underlying the PMCR study were that most people recognise that the 
climate is changing, but lack an understanding of the associated risks and uncertainties for imple-
menting practical measures to protect their businesses and communities from these risks. Moreover, 
the private sector is already supplying products and services to meet a growing demand for solutions 
to help buyers better manage their exposure to climate risks, and this demand represents a business 
opportunity for firms of all sizes.

The PMCR Global Report, together with the Resilience Solutions Factsheets, aims to reach 
several stakeholder groups, including international development organisations and donors, private 
sector associations, policymakers, academic institutions, and private sector actors in agriculture and 
the transport sectors, among others.

The Report builds on the findings of national reports produced by the country teams as well as 
resilience dialogues held in each country. Colombia, South Africa and the Philippines were 
designated as Tier 1 countries, in which extensive field data was gathered through workshops and 
resilience dialogues. Tier 2 countries were Nicaragua, Kenya and Vietnam, where the same 
approach was implemented mostly through desk studies made inside the countries.

Jayson C Berto, the Philippines
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Framing the context for climate resilience

In all the areas under study, climate change is no longer an abstract concern, but is affecting so-
cieties now, and in major and complex ways. Notably, extreme weather events are affecting local 
and regional economies and community livelihoods. A firmer understanding of the specific impacts 
associated with, or attributed to, climate change, as well as the interrelation among them, is the 
subject of ongoing research.

In the macro-context, the climate mitigation narrative is now largely understood, with global-level 
proposals like the Paris Agreement aiming to limit the magnitude and rate of long-term global cli-
mate change. However, a substantive commitment to dealing with adapting to climate change and 
new longer-term and innovative approaches integrated into the way we live, work and govern are 
needed.

The great advantage of climate adaptation and strengthening resilience to a changing climate as con-
cepts, is the implication of a systemic approach, with the private sector as a necessary and integral 
part of the system. While the public sector must create an enabling environment for resilience and lay 
out a framework that protects public goods and addresses market failures, it is the private sector that 
will be tasked with developing the innovative products and services needed to drive resilience. In this 
context, there is a growing understanding and awareness that public action alone will not be enough 
to meet the scale of the climate threat and that private sector innovation and resources will be critical.

To date, the impacts of global climate change have been primarily framed by private sector actors 
as risk, most often expressed in terms of weather risk. Although extreme events get the most pub-
lic attention, longer-term climatic changes and associated impacts may prove costlier to society, 
particularly in the context of food and water security and the viability of communities and their 
productive assets. Moreover, dealing with near-term impacts, remains the primary driver of action 
in private companies, which typically prioritise current risk and short-term profitability over longer-
term business sustainability.

The role of the private sector in climate resilience

The PMCR study was tasked with identifying how the private 
sector in agriculture and transportation in the selected countries 
is addressing climate resilience. This included looking at growth 
opportunities for solutions already enhancing climate resilience 
as well as barriers to the wider availability of such solutions across 
value chains. 

A central finding of the PMCR study is that engaged private-sector stakeholders are well aware of how 
weather and extremes impact operations. In fact, private-sector actors need support in understand-
ing other unknown risks, addressing the impacts as well as the uncertainty around climate change, 
and how to turn them into business opportunities that benefit their companies, their customers and 
the communities where they operate.

The PMCR study also found that the private sector is already providing many solutions, but just not 
referring to them as ‘climate change adaptation’. Practical and, in many cases, cost-effective climate 
resilience solutions are already in place. Notably, these are to protect against extreme events, by 
providing weather forecasting, agro-climatic simulations, flood control, soil management, resistant 
construction materials, and infrastructure design and refitting services, among many other products 
and services aimed at managing climate risks. 

Resilience is place, time and actor specific. This is because resilience actions are highly dependent on 
the type of risk and vulnerabilities linked to the local climatic conditions that are being addressed. 
Political context, existing market structures, geographical settings, institutional capacity, socio-eco-
nomic conditions and regulation requirements are also key.  

Across the PMCR sectors, there were no single solutions applicable to all risks and vulnerabilities, 
but instead hundreds of sector-specific climate resilience options that work in complementary ways. 
This array of solutions is beneficial in that it allows decision-makers to tailor and access only those 
solutions appropriate for their context, based on their own assessment of risk. Adaptation benefits 
depend on good practices, but, without a clear understanding of vulnerability drivers, geographical 
settings, including climate risks and local context, even known good practices can lead to maladap-
tation.



10PMCR REPORT GLOBAL REPORT

A general lack of awareness of the business case for resilience, combined with the relatively high 
cost of doing business for smaller companies, was apparent. Unsurprisingly, many of the barriers 
to market expansion were not specific to climate but rather a general reflection of local market 
operating conditions. Typical examples are a lack of government incentive for business innovation, 
burdensome regulations and taxes, and the inability for smaller players and start-ups to get access 
to capital or credit. 

Private action on climate resilience

Much of the current resilience activity among private-sector 
actors is not classified as such, but is often considered business 
as usual. Looking through the lens of the countries and sectors 
under study, climate resilience actions are being led by enterprises of all sizes and can be classified 
loosely into three main types: defensive, innovative and transformative – with many that can be 
considered crosscutting. 

Defensive solutions protect existing operations or infrastructure in the face of a changing climate. 
Innovative solutions involve new methods, practices and technologies that can spawn new social 
or value-chain relationships. Many companies identified as providing innovative resilience services 
were often micro-, small- and medium-sized enterprises (MSMEs). Transformative solutions change 
the nature of a company or sectors, disrupting business as usual, or finding new applications for 
existing tools or practices.

As climate conditions worsen, stakeholders in the agriculture sector are increasingly finding value- 
add in more precise and contextualised farming approaches and implementing good practices. These 
include adapting planting and harvesting schedules, actively managing soil health, diversifying 
products or using technology to optimise resources. Linked to precision, is the power of information, 
where access to knowledge services is also becoming more and more valued. Climate projections, 
weather monitoring and forecasting, combined with early-warning systems, agro-climatic models 
designed to drive quality yield, water efficiency and crop management techniques, are all among the 
many promising resilience solutions studied.

In all PMCR countries, the study found agreement with the basic premise that resilient transport 
infrastructure development is key for the long-term sustainability of the agricultural sector. New 
informed design parameters and climate resistant materials are now being seen as the way forward 
for increasing disaster preparedness and strengthening resilience. Climate-resilient design and 
construction is also associated with lower repair and maintenance costs as well as lower insurance 
claims and costs.

Building private markets for climate resilience

To flourish, sustainable markets need more than just willing 
buyers and sellers, they also depend on relevant public services, 
including access to reliable information to promote behavioural 
change, as well as favourable policies and enabling market condi-
tions. Strong policies are needed to incentivise the private sector 
to embrace and invest in long-term business continuity, instead 
of focusing on short-sighted climate-proofing of operations and 
treating resilience as an ’added cost’. 

There are common challenges hindering the development of a mature market for these products 
and limiting the ability of the private sector to more actively engage in climate resilience. As access 
to finance is one of the main challenges faced by both buyers and providers of climate resilience 
solutions, these markets need access to capital flows to scale up promising technologies and services. 
Consequently, the financial sector also has a key role to play in providing investment capital, afforda-
ble insurance, credit and other financing products. In this context, a strong need was identified to 
engage local multi-stakeholder groups, including public, private and civil society, to build stronger 
cooperation and transparent dialogues around resilience building.

Suppliers of resilience products and services face constraints specific to both climate resilience and 
in-country business environments. Formal incentives are limited and there is a large untapped op-
portunity for suppliers to widen their customer base to include those at the ‘base of the pyramid’, to 
whom these services are unavailable but where demand exists. New business models will be required 
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to take advantage of this potentially large opportunity. Customer profiles vary by geography, finan-
cial status, purchasing power as well as access to information, among others. Currently, international 
assistance and government subsidies are used to bridge the affordability gap. To date, however, this 
support only reaches a relatively small portion of potential stakeholders. 

Finding the way forward

Climate risk is driving a large and growing demand for private climate resilience solutions. Resilience 
dialogues showed that agricultural producers want affordable products and services that will solve 
their short-term challenges while helping them build longer-term climate resilience. They also want 
climate resilient supply chains, access to sustainable markets and financial mechanisms that will 
lead to sector transformation. Similarly, in the transport sector, stakeholders have significant expec-
tations for more resilient infrastructure. 

The PMCR study alone identified manifold target market segments, which are active and ready for 
scaling. Companies taking proactive measures to increase their resilience or to create new prod-
ucts or services, even in the face of uncertainty, can maintain their viability and gain competitive 
advantage. The ability to calculate the benefits and costs of resilience will be vital for companies in 
making comprehensive risk assessments. However, there are methodology challenges, as it is not a 
straightforward process to reflect resilience costs and benefits, which can be spread across multiple 
actors, or over time, or manifest as non-monetary benefits. Moreover, most of the challenges faced 
by companies are not directly linked to climate change, but rather to prevailing operational and 
regulatory environments.  

While relevant action is taking place, it is unclear how much, or whether it will be enough to avoid 
significant economic loss. Clearly, private solutions can protect many types of assets and businesses 
from climate risks, and in turn strengthen the global response to climate change, while also generat-
ing economic opportunity and social benefits. Although the solutions selected for detailed presenta-
tion in this study were those with the most potential for each specific context, they are only a fraction 
of the hundreds of other solutions identified and therefore just the ‘tip of the iceberg’.

The PMCR study sits early in the market-innovation cycle at the stage of identifying potentially viable 
business models, and even though its methodology was designed to inform decision-making rather 
than produce investment-ready business cases, the contextual message is clear. Investors need no 
longer wait for a comprehensive global strategy to start addressing the effects of climate change – 
technologies and solutions exist and are ready for investment and scale up. 

Climate resilience requires markets to take a more system-wide and forward-looking perspective. 
Effective long-term adaptation to climate change will require extensive stakeholder engagement, 
higher levels of expertise and prioritisation of proven resilience products and solutions to facilitate 
investment and move beyond project-based adaptation towards a more integrated systemic approach. 
Clearly, radical strategies will be needed to transform key economic systems to be more resilient and 
productive in the face of a changing climate.

Coastal road, South Africa, Claudia Munera
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1. Putting PMCR into Context 
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Something to consider:  
Climate change is a change in known 

environmental conditions that is being 
experienced by business and communities  

as an economic challenge.

Framing the macro-context for the  
private markets for climate resilience

Climate variability and extreme weather are impacting people now
In all the geographical areas under study, climate change is no longer an abstract concern, but is 
affecting local people now, and in major and complex ways. Notably, extreme weather events are 
affecting local and regional economies and community livelihoods. And this is in addition to the 
normal environmental conditions experienced by companies and their local  economies. 

It is not a matter of climate change alone
Local climate impacts can also become tangled up with historic land- 
planning decisions, natural capital degradation, water and air pollution, ex-
treme natural events, among many other drivers (local, national and global) 
that influence how certain sectors, systems or communities respond to a 
changing climate.   

Mitigation helps but adaptation-focussed efforts are required
In the macro-context, the climate mitigation narrative is now largely under-
stood, with global-level actions like the Paris Agreement helping limit the 
magnitude and rate of long-term global climate change. But a substantive 
commitment from global decision makers to dealing with adapting to climate 
change is still missing. Adaptation recognises that even the most aggressive mitigation efforts will 
not be enough. New longer-term and innovative approaches integrated into the way we live, work and 
govern are needed.

Adaptation is holistic although often perceived as a less evident study field
However, even among climate adaptation specialists, a firmer understanding of the specific impacts 
associated with, or attributed to, climate change, as well as the interrelation among them, is also 
needed. These include a better understanding of episodic events such as cyclonic winds, flooding, 
severe drought, as well as the slow onset of chronic events like shifting precipitation patterns, saline 
intrusion, and sea-level rise. 

Also, when it comes to evaluating and developing climate adaptation solutions, unlike climate mitiga-
tion, which lends itself to easy comparisons (i.e. reduced greenhouse gas emissions), resilience solutions 
typically involve multiple outputs and outcomes, and assessing their feasibility requires awareness of 
multiple, interacting areas, including behaviour, governance, infrastructure and technology.

“C limate change mitigation is to 
avoid the unmanageable. Climate 

adaptation is to manage the unavoidable.” 
Nicholas Stern, UK economist 
and author of The Stern Report, 
The Economics of Climate 
Change, 2006.

Storm surge at Santa Marta Bay, Colombia, Carmen Lacambra
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What is the private sector’s role in climate adaptation?
The great advantage of climate adaptation and strengthening resilience to a changing climate as con-
cepts, is the implication of a systemic approach, with the private sector, as a necessary and integral 
part of the system that must respond.  

To date, the impacts of global climate change have been primarily framed by private-sector actors 
as risk, most often expressed in terms of weather. Although extreme events get the most public 
attention, longer-term climatic changes and associated impacts may prove costlier, particularly in 
the context of food and water security and the viability of communities and their productive assets.

While the public sector must create an enabling environment for resilience and lay out a framework 
that protects public goods and addresses market failures, it is the private sector that has and will be 
tasked with developing the innovative products and services needed to drive resilience. In this con-
text, there is a growing understanding and awareness that public action alone will not be enough to 
meet the scale of the climate threat and that private sector innovation and resources will be crucial.

Private sector already doing a surprising amount
It was found that the private sector is already providing many solutions, but just not referring to them 
as ‘climate change adaptation’. Notably, these are to protect against extreme events, providing con-
struction and building repair, weather forecasting, agro-climatic simulations, agricultural inputs, 
including seeds and pest control strategies, flood control, irrigation strategies, soil management, and 
back-up power generation systems, among many other products and services aimed at managing 
climate risks. 

Climate change resilience versus climate change mitigation 

Fedearroz, Colombia

Climate change resilience can be described as adapt-
ing and preparing communities and their economies 
to respond to, and recover from, the impacts of cli-
mate change and continue on a sustainable economic 
development pathway. While extreme events such as 
hurricanes, major flooding and wildfire receive the 
most attention, slower and longer-term changes in sea 
level, temperature and rainfall patterns can be at least 
as costly, threatening food supplies, water and energy 
security, health, businesses, livelihoods and housing.

Climate change mitigation activities aim to reduce 
global greenhouse gas emissions contributing to a 
human-altered climate, and incentives for this can 
be externalised across borders. Climate resilience, or 
adaptation, however, is more likely to begin in local 
markets, and with solutions that protect and allow 
people and assets to adapt, for example, through 
efficient irrigation technologies, back-up generators, 
storm-resistant building materials, water harvest-
ing services, flood control, insulation against heat, 
early-warning systems and climate information, and 
flood-and heat-resistant housing, among many other 
products and services.
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However, dealing with these kinds of near-term impacts, including those that 
have little to do with climate change, remains the primary driver of action 
in private companies, which typically prioritise current risk and short-term 
profitability over longer-term business sustainability.

Public and private sector speak different languages 
Public and private actors use different languages to frame climate risks based 
on variously dissimilar definitions of markets, customers, and even percep-
tions of risk. Terminology like ‘climate adaptation’ and ‘climate resilience’ are 
not part of the language of business. For the most part, companies describe the 
material consequences of climate change using words like risk management, 
market research, product development, and logistics, or as simply ’doing 
business’, while areas within the public sector working on climate adaptation 
use climate science and policy terminology to describe their activities – what 
business might refer to as climate jargon.

That does not mean business is not aware of climate change
While this lack of shared language and framing lead some public sector 
players to believe that business is unaware, or uninterested in addressing the 
climate threat, the PMCR findings in no way support this. In fact, businesses are very well aware of 
climate change, and specifically need support in addressing its impacts and turning their actions 
into business opportunities that benefit their companies, their customers and communities where 
they operate.

Resilience depends on types of risks and vulnerabilities
Resilience is place, time and actor specific. This is because resilience actions are so dependent on the 
type of risk and vulnerabilities linked to the local climatic conditions that are being addressed. Political 
context, existing market structures, geographical settings, institutional capacity, socio-economic con-
ditions and regulation requirements are also key.

Across the agriculture and transport sectors there were no single solutions applicable to all risks 
and vulnerabilities, but instead hundreds of sector-specific climate resilience options that work in 
complementary ways. This array of solutions is beneficial in that it allows decision-makers to tailor 
and access only those solutions appropriate for their context, based on their own assessment of risk.

   

Something to consider:  
If policy speaks one language, business 
and financial markets speak another, 
and science and research yet another, 

in discussing one of the greatest global 
challenges of our time, we will need 
people fluent in all three. Plus, more 
spaces for collaboration, co-learning 

and mutual understanding need to be 
promoted.

“C limate resilience activities are 
generally time, place, sector, 

and actor specific because they are so 
dependent on the specific risks and 
vulnerabilities being addressed.”   
Carmen Lacambra, PMCR project 
coordinator.

Coffee Landscape, Antioquia, Colombia, Claudia Munera
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Close-up on PMCR study context 
The PMCR study was tasked with identifying how the private sector in agriculture and transport in 
six developing countries is addressing climate resilience. This included looking at growth opportuni-
ties for solutions already enhancing climate resilience as well as barriers to the wider availability of 
such solutions across value chains. 

The PMCR study was the first of its kind within each country to directly address and recognise the 
private sector as key in building resilient communities and to provide recommendations for the more 
integral involvement of private stakeholders in building climate resilience. The study has also set a 
baseline for deeper research into potential solutions, challenges, benefits and opportunities.

Considering agriculture in context
When it comes to addressing resilience, wine produc-
ers in South Africa face similar challenges to specialty 
coffee producers in Colombia and top-quality cocoa 
producers in Nicaragua, in that while minimising 
costs and environmental impacts they must also 
prioritise product quality. Similarly, rice producers 
in the Philippines and Vietnam are in many ways 
contextually closer to the average Colombian coffee 
and Nicaraguan cocoa producer, than they are to 
Colombian rice producers, which in turn have more in 
common with maize producers in South Africa. 

Agricultural products such as cocoa, wine or coffee 
take years to reach profitability. And reaching a de-
sired level of quality requires longer-term investments 
into good practices like soil protection, long-term 
access to water, conservation agriculture and adequate 
post-harvest practices. For shorter-term crops like po-
tato, maize and rice, returns on investments can be realised more quickly and crop decision-making 
can be adjusted based on annual projections.  For these short-term crops, investing in appropriate 
seeds and in agro-climatic projections, represent good business opportunities.

New technologies drive efficiency and productivity
Water management, regardless of the sector, is imperative particularly in areas prone to drought. 
While technologies to store, distribute, maximise and filter water resources have been historically 
available, more recent technologies such as sensors, satellite image analysis, drones, drop irrigation, 
among many others, now allow for much more efficient use of water resources.

Similar technologies are being used to identify plagues and diseases in crops, reducing the need 
for pesticides. Precision agriculture is mainstreaming these efficiencies in agriculture, including 
wineries and maize in South Africa, and rice in Colombia. 

For all agriculture producers, market price marks the 
profitability of their investments. That means being 
able to own the decision of when to take products to 
market – taking into account convenience, optimum 
product quality, and prevailing weather conditions. 
Most producers interviewed highlighted access to 
affordable storage facilities, either on-farm or at the 
community level, as key in achieving sustainable 
profitability.  

Mogambo Sendero Ambiental, Colombia
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Considering context in transportation 
A port on the Colombian Pacific coast with a daily tidal range as high as five metres might not view 
relative sea-level rise as such an imminent climate threat as a port on the Caribbean Sea, where 
the daily variation is less than 50 centimeters. The Pacific coast port might instead see increased 
precipitation as a more challenging risk, in an area ranked among the most humid in the world.

To calculate the insurance of each shipping container, marine transport companies factor weather 
conditions into their cargo value chain. For ports, reliability and safety are essential for business con-
tinuity. And a port that can stay operational regardless of weather conditions is a competitive port.

Roads are also built under variable environments, according to geographical and environmental 
conditions, including climate variability. In the Andes, over the course of 40 kilometres, a road can 
go from 2 degrees Celsius in the highlands to 38 degrees Celsius in the valleys. While path, design 
and material selection must take these kinds of variations into account, the uncertainty related to 
climate change and related extreme conditions still remains a challenge.

Materials enhancing climate resilience offer new market opportunities 
Recycled plastic-based asphalt materials are becoming more popular in South Africa and Colombia, 
with the climate adaptation and mitigation benefits slowly becoming more evident in the road sector. 
However, these materials are still more expensive than 100% asphalt or concrete choices, and despite 
proven lower maintenance costs and less weathering, a sustainable market is still a long way off.  

In ports, as with roads, understanding the regional infrastructure vulnerabilities and main climate 
change related risks remains crucial. But given that the highly dynamic conditions surrounding 
ports demand frequent maintenance works, it makes good business sense to refit infrastructure 
and upgrade materials during scheduled maintenance instead of renovating an entire port to still 
unknown future standards.

Without context and coordination, adaptation can become 
maladaptation
Not every initiative, public or private, addressing climate risks will lead to a good adaptation path-
way. Many well-intended attempts at adaptation can have the reverse effect and lead to maladap-
tation. For example, attempts to protect property or operations from climate risks, such as certain 
types of flood control or shoreline stabilisation, can in many cases reduce the vulnerability in one 
place while bringing greater vulnerability to another. And risk can be transferred to more vulnerable 
communities. 

Adaptation benefits come down to good practices, but, without a clear understanding of vulnerability 
drivers, geographical settings, including climate risks and local context, even known good practices 
can lead to maladaptation. For example, take an area in South Africa, where ground water for farming 
is scarce. If one farm decides to adapt to ever-increasing water shortages by sinking a bore on their 
land, this could dry up the well completely and leave the neighbours without water. This is fine for the 
farm adapting but it becomes a maladaptation for the rest of the community. A farm increasing its 
water efficiency to consume even more water, could be depleting the resource 
for other users in the watershed.  

In the Philippines, PMCR coordinators are working to facilitate a new pub-
lic-private partnership that could bring irrigation to the nearly 50% of rice 
farmland. Although this is a potentially transformative initiative, if not han-
dled in a correct and coordinated way it could lead to wastewater along the 
way or even the depletion of future water supplies, making it a maladaptation.  

Short-term fixes can also become maladaptive 
In the agriculture sector, short-term adaptive measures can become mala-
daptive over time. For example, if farmers decide to counter a drop in crop 
yield by adding quick-fix nutrients to their soil, they may see success in the 
form of a one-year bounce in yield but ultimately will have reduced their soil 
capacity in the long term. Instead, they could take a longer-term approach to 
soil health for example through alley cropping or precision farming.

Something to consider:  
If a farmer in a flood plain arbitrarily 
builds a dike on their land to reduce 

the risk of flooding, this could 
be maladaptation, because it is 

merely transferring risk to another 
neighbour, in many cases to a more 

vulnerable community.
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Common barriers for growth and scale
It is worth noting that the many companies identified as providing resilience services in PMCR were 
often micro-, small- and medium-sized enterprises (MSMEs). In the countries and sectors under 
study, a general lack of awareness of the business case for resilience, combined with the relatively 
high cost of doing business for smaller companies, was apparent. 

Barriers are often typical for any smaller market player
Unsurprisingly, many of the barriers to market expansion identified during the resilience dialogues 
were not specific to climate but rather a general reflection of local market operating conditions. 
Typical examples are a lack of government incentive for business innovation, burdensome regulations 
and taxes, and the inability for smaller players and start-ups to get access to capital or to good credit. 
In turn, climate change can exacerbate these barriers even more for small producers and MSMEs.

National and local policies can also challenge implementation 
Access, flow and understanding of climate data has been a common barrier for even understanding 
normal environmental processes, independent of climate change. Policies around environmental 
data ownership, use and management can also lead to lengthy bottlenecks and lack of action. 

Similarly, farmers heavily dependent on certification to meet market quality requirements often face 
stringent economic barriers for entry into farm certification programs. On the other hand, some gov-
ernments are also constructively engaged with local producers including in supporting conservation 
farming, promoting public-private partnership development around irrigation and in infrastructure 
construction and operation.

Climate change is often an excuse for inaction 
However, national and local governments too often show a willingness to unquestioningly continue 
‘known practices’ that may no longer be suitable to a changing climate. Examples include using hard 
infrastructure for flood control, channeling rivers, occupying high-risk areas, and using outdated 
building codes and building materials. Many government officials also use climate change as an 
excuse for action, or inaction, making it harder for people including private sector stakeholders to 
truly assess the urgency of need for local, national and global change.

Resilience finance difficult to track
Also, even though most existing resilience solutions are being financed via well-known financial 
services, it is not easy to separate out normal business inputs, costs and expenses from those exclu-
sively providing climate resilience. So, although credit cards, loans, wires, cheques, etc. are being 
used every day to purchase products like sensors, irrigation, drones, precision agriculture, seeds 

“P eople want climate adaptation 
systems we can plug and play 

but the world doesn’t work that way. 
Context matters.” Anton Cartwright, 
PMCR South Africa.

Maize harvest in the Garden Route, South Africa, Claudia Munera
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and agricultural inputs, these transactions are not being booked by business as climate resilience 
funding, even though in many cases they are. 

Furthermore, companies supplying climate resilience solutions, and companies that have incorpo-
rated resilience into their core business are using exactly the same financial services to sell their 
products, and often struggling with cash flow as the return on investment is so long.    

Where is the investor community? 
The effects of climate change from the point of view of the financial sector can be seen in terms of 
two key considerations:  

1. Climate change is already a risk for investors everywhere. Climate change is already causing 
increased risk and impact on the real economy. The United Nations estimates up to USD 300 billion 
per year will be needed to deal with the negative and costly impacts of climate change in developing 
countries alone by 2030. 

2. Yet very little is being noticed or acknowledged. Surprisingly little third-party investment is being 
made, with fewer than 5-6% of all investment tracked globally having any links to adapting to or 
building resilience to climate change.  

Contextual message to investors is clear 
The PMCR project sits early in the market-innovation cycle at the stage of identifying potentially 
viable business models, and even though its methodology is designed to inform decision making 
rather than produce investment-ready business cases, the contextual message is clear. Investors 
need no longer wait for a comprehensive global strategy to start addressing the effects of climate 
change – technologies and solutions exist now and are ready for investment and scale up.

Markets need system-wide perspective
Climate resilience requires markets to take a more system-wide and forward-looking perspective. 
This is something that markets when left alone do not always do well. Instead evidence suggests 
that information gaps and asymmetries, vested interests and other barriers sometimes inhibit the 
functioning of newer or better markets.

Effective long-term adaptation to climate change will require extensive stakeholder engagement, 
higher levels of expertise and prioritisation of proven resilience products and solutions to facilitate 
investment and move beyond project-based adaptation towards a more integrated systemic approach.

“I nvesting in climate resilience companies can generate two 
outcomes – extranormal growth for those companies and 

returns for investors, as well as measurable impact on the climate 
change problem itself. These outcomes are complementary – the 
faster these technologies and solutions grow, the more capacity we 
will have to deal with climate change.” 
 
Jay Koh, Managing Director, The Lightsmith Group – 
World’s first dedicated private equity strategy focused on 
climate resilience.
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The context of this report
This PMCR Global Report aims to reach several stakeholder groups including international devel-
opment organisations and donors, private sector associations, policymakers, academic institutions, 
and enterprises in agriculture and the transport sectors, among others. 

The working assumptions underlying this report are that most people: 

• Recognise that our climate is changing, but lack an understanding of the associated risks and un-
certainties for implementing practical measures to protect their businesses and communities from 
these risks.

• Do not realise that the private sector is already supplying products and services to meet a growing 
demand for privately produced products to help buyers better manage their exposure to climate 
risks, and that this demand represents a business opportunity for firms of all sizes.

This report was compiled by 25 team members across eight countries, including international 
experts not based in PMCR countries, and builds on the findings of national reports produced 
by the country teams, resilience dialogues and national consultation workshops in each country. 
Colombia, South Africa and the Philippines were Tier 1 countries, in which extensive field 
data was gathered through workshops and resilience dialogues. Tier 2 countries were Nicaragua, 
Kenya and Vietnam, where the same approach was implemented but mostly through desk studies 
made inside the countries.

Colombia

Nicaragua

Kenya
Philippines

Vietnam

South Africa



2. PMCR Analysis
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PMCR Analysis - Selection and Analysis 
of Resilience Solutions

The PMCR project has shown that awareness of the general impacts 
of climate change is well established across all the selected agriculture 
sectors in the project countries, including Colombia, South Africa, the 
Philippines, Kenya, Nicaragua and Vietnam. However, PMCR findings 
show that awareness in the transport sector is much more limited than in the 

agriculture sector. Nevertheless, private and public stakeholders in the sector are fully aware of their 
interdependence with climate conditions. 

Although there is a lot of uncertainty around the timing and specifics of climate change impacts, 
many global, national, and regional studies have addressed current and expected impacts on the 
production of rice, coffee, maize, wine, cocoa and potato1.  Although not as many as for agriculture, 
there are also global and national assessments for the road and port sectors.  

In general, risks related to extreme episodic events, fluctuating temperatures, and changes in pre-
cipitation patterns are well understood by sector stakeholders, whether or not they relate such risks 
to climate variability or climate change. Other impacts, such as sea-level rise, saline intrusion and 
ocean acidification, are less accounted for by stakeholders in both sectors. However, uncertainty over 
the precise impacts of climate change is frequently cited as a reason for inaction.

There is no single solution but instead hundreds of options available for increasing the climate resil-
ience of the agriculture and transport sectors. Practical and often cost-effective climate resilience 
solutions are already in place across the agriculture and transport sectors in the PMCR countries, 
supplied by private enterprises of all sizes. Some emerging options likely to lead to climate resil-
ience, but not yet fully established in the market, are reported here as resilience innovations.

1 See section: List of Selected References.
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PMCR Analysis 
Resilience dialogues were conducted within each target country to understand the supply and 
demand for products and services that enhance climate resilience. While this approach has been 
applied elsewhere, the PMCR study anchored its dialogues in the realities of enterprise-level deci-
sion-making using the B*Resilient Process Model (BRPM)2 tool. 

The BRPM approach connects the context of value-chain stakeholders to their priorities in deci-
sion-making processes. The BRPM enables stakeholders participating in the resilience dialogues 
to identify and connect current climate risks to specific decision-making processes and to clarify 
how those risks are imputed in their decisions, such as whether or not to construct a port, or plant a 
particular crop variety. 

In each country, having mapped decision-making processes, including exposure to climate risks, 
sector stakeholders identified options, strategies and technologies that are mitigating climate risks 
in their value chains. 

The BRPM is based on an analytical process in which key sector stakeholders (producers, designers, 
transporters, engineers, operators, etc.) are at the centre of decision-making processes. This process 
identified a total of 190 solutions, in the form of products and services, which contextualised to the 
climate risks faced by stakeholders, their needs and level of awareness, have the potential of reducing 
the impacts of climate variability or extremes in their operations. By using a  standardised selection 
criteria and focusing on solutions provided by the private sector and with the highest contribution to 
climate resilience, the country teams filtered the long list of options.

2 A detailed description of the BRPM approach is presented in Private Markets for Climate Resilience: Description of Methods

BRPM 
Framework

Resilience 
Dialogues

Resilience 
Tools Filter

Stakeholders / Actors

PMCR Data Collection & Analysis

Market 
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Risks

Resilience 
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Strategies

Resilience 
Tools

Filter for 
shortlisting 
 Resilience Tools

Demand for 
 Resilience Tools

Suppliers for 
 Resilience Tools

Market 
Construction for 
Resilience Tools

• Sector knowledge Base   
• Climate risk & risk models

• Market Analysis 
• Market Structure

• Financial Instruments 
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AGRICULTURE SECTOR

Categories Options currently available to address climate risks

Knowledge services Expertise, special knowledge, capacity building and training, and technical assistance relating to 
agro-forestry systems, crop management and diversification, including soil conditions, planting 
techniques, input selection, use of fertilisers, irrigation, quality control, harvesting and others. 
Support for certification processes, conservation agriculture practices, good agronomic practices, etc.  

Meteorological 
products and services

Early-warning systems, climate datasets, climate projections, agrometeorological stations, local weather 
predictions, scenario analysis, etc.

Environmental 
diagnosis toolkits

Farm mapping, cartography, mapping of soil classification and overall environmental conditions, soil 
analysis, diagnosis and classification, analysis of microbes and soil fungi, etc.

Software and other 
datasets

Software for weather, crop and yield projections and simulations. 

Good practice manuals, 
checklists and 

protocols

Good practice manuals, checklists, protocols, floral calendars and registers, staff health & safety.

Farm infrastructure 
and machinery

Mechanical land preparation and harvesting, soil management infrastructure, integrated pest 
management, automated post-harvest processes, mechanical dryers, washers and fermenting 
machinery, storage facilities, renewable energy sources, machinery for temperature regulation, 
specialised on-farm transport devices, etc.

Certified seeds and 
varieties and other 

farm inputs

Certified and good-quality seeds, climate-resistant seed varieties, seed multiplication, certified 
nurseries, organic fertilisers and inputs, soil moisture conservatives, etc.

Water infrastructure Irrigation systems, water-management plans, systems for water harvesting, storage, treatment and 
transportation, drainage channels, water filters, wells, soil moisture conservation, etc.

Storage and milling 
facilities

Post-harvest facilities that consider climate risks and challenges for storage, drying, cooperative-type 
or farmer-owned enterprises, cold storage, on-farm grain silos, seed storage facilities. 

Financial services Farmer-friendly financing and loan packages, credit lines, relevant and accessible insurance, technical 
bank staff to support farmer-borrowers, financing mechanisms for post-harvest facilities, distribution 
and trading, contract farming, etc. 

Research and market 
information

Research farms, piloting programs, seed banking, research and development for climate-resilient 
production inputs, research on plant life-cycle relationships with climate, trading mechanisms.

Regional approaches 
and improvement 

programs

Watershed management, watershed reforestation, farmer cooperatives, alternative transport routes, 
large-scale shift to organic farming.

National government 
policies, regulation and 

initiatives

Development of more agriculture resilience-focused laws and ordinances, stronger and better 
implementation of existing land use laws, climate-resilient farm-to-market roads and seaports, 
policies to ensure food security and stable pricing, price control mechanisms during post-disaster 
and emergency situations, buffer funds/aid for vulnerable groups during post-disaster and emergency 
situations, public awareness on policies in place, etc.

Long list of identified climate options
The following tables present all the identified climate options, strategies and technologies for the agriculture 
and transportation sectors. All options listed here have a direct link to climate risk reduction or climate resil-
ience strengthening, as identified by stakeholders from each sector.
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TRANSPORTATION SECTOR

Categories Options currently available to address climate risks

Knowledge services Expertise, special knowledge, capacity building and training, technical assistance relating to 
creating awareness, assessing and managing climate risks, designing, constructing, operating and 
maintaining climate-resilient transportation infrastructure, mainstreaming the use of climate data 
and forecasts in climate-resilient design.   

Good practice manuals, 
checklists and protocols, 
environmental impact 
assessments

Good practice manuals, checklists, protocols, construction codes, inclusion of climate resilience and 
climate-related risks in feasibility studies and environmental impact assessments, and staff health & 
safety (e.g. communications, evacuation routes and protocols).

Innovative materials Use of new and innovative climate-resilient materials in construction and maintenance, including 
recycled materials, bio-materials, bio-filters, use of permeable pavement, etc.

Refitting and climate-
resilient design

Climate-resilient design of bridges and drains, coastal defences, slope management design, inclusion 
in design of adjacent ecological infrastructure (e.g. green verges) for protection and ecological 
sensitivity.

Procedures against 
service disruptions

More frequent “blading” of gravel roads, drainage maintenance, paving of gravel roads, improved 
drainage and stormwater infrastructure in areas predicted to become wetter with climate change, 
etc.

Machinery Operational and maintenance (e.g. docking systems, cranes, pumps, etc.).

Software Scenario projections, simulation programs, geographic information systems, etc.

Comprehensive risk 
registers

Real-time climate monitoring and weather prediction, cargo monitoring systems, ballast water 
operations, assessment of dredging needs, etc.  

Early-warning systems Early-warning systems and alarms

Financial services Bonds, green infrastructure bonds, insurance, inclusion of climate resilience and climate risks in 
financial assessments, climate-related insurance included in project financial plans and budgets 
projects.

Research and development Climate-resilient design, materials and technology for construction.

Regional approaches and 
improvement programs

Maintain structural integrity of infrastructure, regular surveys on performance of infrastructure, 
regular quality checks, expenditure allocated to adjacent ecological infrastructure, public works and 
community programs to monitor and maintain roads.

National government 
policies, regulation and 
initiatives

Construction codes, constant monitoring to assess infrastructure status to inform users in time 
about conditions and enable necessary repairs, update and revisit design and construction manuals, 
inclusion of climate resilience and climate-related risks in design and policy manuals, stakeholder 
engagement, inclusion of climate resilience in terms of reference and tender processes of public 
projects, incentives for climate-resilient design and practices, project budgets sensitive to the 
demands of climate resilience conditions, etc.
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AGRICULTURE SECTOR

Technology/service Private 
sector Farmers Public sector

International 
agencies, 

NGOs

Knowledge services* (technical assistance, 
specialised consultancy, certifications, weather 
forecasts & projections, data management etc.)

Buyer 
Provider

Buyer Buyer
Provider

Buyer
Provider

Environmental diagnosis* (environmental 
impact assessments, soil analysis, etc.)

Buyer 
Provider

Buyer

Manuals, checklists, protocols* Buyer 
Provider

Buyer Provider Provider

Farm infrastructure (storage facilities, 
water infrastructure in farm, post-harvest 
management, etc.)

Buyer
Provider 

Buyer

Inputs (seeds, fertilisers, transport bags, etc.) Buyer
Provider

Buyer

Regional approaches (local irrigation 
schemes, reforestation, watershed management)

Implementor Implementor

Research and development Buyer
Provider

Provider

*The solutions marked are those in which small business knowledge providers within the countries are important providers of innovative solutions.

Stakeholders providing identified climate options
A finding that emerged from the PMCR analysis is that private-sector actors are already supplying 
a wide range of products and services that provide climate resilience benefits in the agriculture and 
transport sectors in the selected countries. However, in general, recognition of the climate benefits of 
these solutions is limited. While in many instances, the role of private sector actors in the context of 
resilience solutions might not be highlighted, this role can be potentially significant.  

The role of different stakeholders in the provision of the identified resilience solutions is presented in 
the table below. A common assumption is that private actors are external to building resilience and 
that it has been a public sector priority, nevertheless, the PMCR project found that private actors are 
providers of most of the solutions strengthening climate resilience, and at national level, many of 
these actors are MSMEs.
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TRANSPORTATION SECTOR

Technology/service Private sector Public sector
International 

agencies, 
NGOs

Management of operations Implementor

Early-warning systems
Implementor Implementor

Real time climate monitoring 
and weather prediction*

Buyer
Provider

Data provider

Knowledge services: 
Health & safety, 
Environmental diagnosis (EIA)*, 
insurance, design upgrade*

Buyer
Provider 

Buyer

Materials, infrastructure refitting Buyer
Provider

Buyer

Risk Registers Buyer
Provider

Knowledge services Buyer
Provider

Buyer Provider

Research and development Buyer & 
implementor

Buyer & 
implementor

Permits
Provider

*The solutions marked are those in which small business knowledge providers within the countries are important providers of innovative solutions.
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Selection criteria for resilience solutions
From the long list of identified resilience options, the project team selected the most promising op-
tions for detailed analyses. During the selection process, resilience dialogues were maintained with 
key stakeholders, including providers of financial services. 

Resilience options were assessed and contextualised in terms of their demand, supply, and economic 
viability. The assessment distinguished between the needs of potential users of resilience solutions 
and the characteristics and approaches of enterprises providing these solutions. By examining both 
supply and demand in this way, the study was able to identify challenges and opportunities in scaling 
markets for climate resilience. In addition, the analysis included an assessment of how the selected 
solutions were being financed by buyers and providers. 

The selection process was conducted by each country team using the following selection criteria:

1. The option is currently provided by a private-sector actor;
2. The usefulness and relevance of the option across key value-chain processes;
3. The scale of the current demand for the option and its economic viability for the end-user or buyer;
4. There is a direct link between the implementation of the option and building climate resilience; 
5. The option provides benefits to a wide range of stakeholders across the value chain.

Selected PMCR resilience solutions
The described process resulted in the selection for further analysis of eight resilience solutions 
for the agriculture sector and four resilience solutions for the transportation sector.

AGRICULTURE Country, sector

Knowledge services:  
Sustainable practices Colombia, coffee

Knowledge services 
and technology:  
Agro-climatic services

Colombia, rice

Knowledge services:  
Conservation agriculture

South Africa, maize

Knowledge services:  
Alley cropping South Africa, wine

Knowledge services 
and technology:  
Precision farming 

South Africa, wine

Knowledge services:  
Certification schemes

Nicaragua, cocoa

Water-management 
and infrastructure solutions

The Philippines, rice; Colombia, coffee

Seed development The Philippines, rice; Vietnam, rice; 
Kenya, potato  

On-farm storage solutions South Africa, maize; Kenya, potato
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TRANSPORTATION Country, sector

Knowledge services: 
sediment monitoring 
and climate-resilient 
road design

Colombia, ports; South Africa, roads

Resistant and innovative 
construction materials

Colombia, roads; The Philippines, roads

Road network management  
and upgrade

South Africa, roads

Refitting infrastructure
Colombia, ports

Country-sector analysis of selected resilience solutions
As part of each country assessment, an in-depth analysis of each sector was conducted, using the 
BRPM tool, including a value-chain analysis focusing on climate conditions, risks and impacts in 
key processes, as well as on actors and activities leading such processes. Demand and supply char-
acteristics of selected resilience solutions were then analysed, resulting in a systematic assessment 
of the resilience contribution and market opportunities of the solutions in the selected sectors and 
countries.

The conducted country-sector analysis resulted in the following Factsheets: 

Factsheet: Resilience 
Solutions for the Rice 
Sector in Colombia 

Factsheet: Resilience 
Solutions for the Wine 
Sector in South Africa  

Factsheet: Resilience 
Solutions for the Maize 
Sector in South Africa 

Factsheet: Resilience 
Solutions for the Rice 
Sector in the Philippines 

Factsheet: Resilience 
Solutions for the Cocoa 
Sector in Nicaragua

Factsheet: Resilience 
Solutions for the Rice 
Sector in Vietnam

Factsheet: Resilience 
Solutions for the Potato 
Sector in Kenya

Factsheet: Resilience 
Solutions for the Port 
Sector in Colombia

Factsheet: Resilience 
Solutions for the Road 
Sector in Colombia

Factsheet: Resilience 
Solutions for the Road 
Sector in South Africa

Factsheet: Resilience 
Solutions for the Road 
Sector in the Philippines

Factsheet: Resilience 
Solutions for the Coffee 
Sector in Colombia

https://ndf.fi/sites/default/files/news_attach/factsheet_colombia_rice.pdf
https://ndf.fi/sites/default/files/news_attach/factsheet_southafrica_wine.pdf
https://ndf.fi/sites/default/files/news_attach/factsheet_southafrica_maize.pdf
https://ndf.fi/sites/default/files/news_attach/factsheet_philippines_rice.pdf
https://ndf.fi/sites/default/files/news_attach/factsheet_nicaragua_cocoa.pdf
https://ndf.fi/sites/default/files/news_attach/factsheet_vietnam_rice.pdf
https://ndf.fi/sites/default/files/news_attach/factsheet_kenya_potato.pdf
https://ndf.fi/sites/default/files/news_attach/factsheet_colombia_ports.pdf
https://ndf.fi/sites/default/files/attach/factsheet_colombia_ports.pdf
https://ndf.fi/sites/default/files/attach/factsheet_colombia_ports.pdf
https://ndf.fi/sites/default/files/attach/factsheet_colombia_ports.pdf
https://ndf.fi/sites/default/files/news_attach/factsheet_colombia_roads.pdf
https://ndf.fi/sites/default/files/news_attach/factsheet_southafrica_roads.pdf
https://ndf.fi/sites/default/files/news_attach/factsheet_philippines_roads.pdf
https://ndf.fi/sites/default/files/news_attach/factsheet_colombia_coffee.pdf
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3. Resilience Solutions  
in the Agriculture Sector
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Resilience Solutions  
in the Agriculture Sector

While the private sector in the agriculture sector in the selected PMCR countries is already supplying 
products and services that provide climate resilience benefits, in general, the recognition of these 
climate benefits is limited and their supply is in response to other drivers of market demand. 

The selected resilience solutions in the agriculture sectors of Colombia, South Africa, the Philippines, 
Nicaragua, Kenya and Vietnam, include the following: 

1. Knowledge services, including agro-climatic services, conservation agriculture, alley crop-
ping, precision farming, and certification schemes; 
2. Water-management and infrastructure solutions, including irrigation and water infra-
structure and equipment that provides and/or maximises the uses of water as a resource;
3. Seed development of appropriate climate-resistant varieties; and
4. On-farm storage solutions

Knowledge services
Knowledge services are increasing climate resilience in the coffee 
and rice sectors in Colombia, the maize and wine sectors in 
South Africa, and the cocoa sector in Nicaragua. Knowledge 
services, which include technical assistance, extension programs, 
specialised consultancies, weather projections, data innovation 
management, crop management, know-how, training, capacity 
building, best practices and certification schemes, smart agricul-
ture and expertise, are used in businesses and across value chains to improve stakeholder capacity to 
build resilience to climate risk. Knowledge interventions related to climate adaptation, however, are 
often not promoted as climate adaptation, but as ‘good practice’ or innovation.

There are private-sector organisations across the agriculture sector that are already providing 
knowledge services focused on the agricultural value chain in all the PMCR project countries. These 
services represent a new niche within the long-standing agricultural extension and consultancy 
industry. The growth in the market for knowledge services is testimony to the new demand and 
economic benefits that these services bring to the sector.

Knowledge services identified in the PMCR analysis include: 

• Agro-climatic knowledge services that integrate information from meteorological stations 
with plant conditions, good practices and capacity building, helping producers plan and manage 
their farms.

• Conservation agriculture for increase in soil carbon, managing carbon-nitrogen ratios and 
water retention, brings co-benefits in terms of jobs, improved soil fertility, fewer chemicals in the 
agricultural system and better water management. 

• Alley cropping is a potential means to diversify income streams and enhance the resilience of 
crops to extreme heat, pests and disease, and the loss of soil fertility, all of which are affected by 
climate change. 

• Precision farming, often with drone or satellite technology, allows farmers to effectively plan 
their application of water and fertiliser and identify localised problems earlier. 
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• Certification schemes can support socially and environmentally sus-
tainable production, promoting good practices and potentially increasing 
producer revenues.

Key findings related to knowledge services include the following: 

• Knowledge service providers that could be interlinking agriculture services and climate 
services do not appear to be interacting with the ‘known’ actors in the sector, such as the 
providers of technical assistance or extension services. 

• The known actors in the sector or typical agriculture service providers, do not seem to be 
mainstreaming climate impacts into their activities. These initiatives, with exceptions, up 
until now have been led by multilateral development organisations rather than the private 
sector. 

Main challenges related to knowledge services include the following:

• While the impacts of climate change on the agriculture sector are recog-
nised, the challenge of describing the economic value of potential risks and 
associated uncertainties remains.

• Although the value of knowledge production and sharing as a service is 
largely recognised, it is not easily monetised.

• The direct impacts of climate change on producers are clear, but most 
producers lack the financial capacity to purchase the knowledge services 
needed to become more resilient. Some producers even lack awareness that 
such services exist or where and how to procure them.  

• Access to knowledge services is largely income-dependent. Many rice producers in Colombia 
and wine and some maize producers in South Africa are able to access them, but the majority of 
Colombian coffee producers, Filipino and Vietnamese rice producers and Nicaraguan cocoa pro-
ducers are not able to afford such services.  

• Scientists, technicians and sector professionals, rather than business managers, are managing 
most of the knowledge service companies. Consequently, there are limitations to explaining and 
understanding the commercial value of the services provided and to their negotiation abilities. 

• Companies providing knowledge services have more difficulties accessing financing from financial 
institutions than companies providing machinery and fixed assets.

• Local knowledge service providers are often in competition with large multinational companies 
that do not have the local knowledge but do have the administrative capacity that most local com-
panies lack.

Resilience dialogues in the Philippines, Maria Eliniesa A. Lucas

“P rivate sector actors are aware about climate 
change and the need for resilience in the 

agriculture sector; they even suggested projects for 
government such as, weather stations and rainwater 
harvesting systems… Farmers are aware of climate 
change — e.g., they say, “We are getting confused 
already, we don’t know when is the right time to 
start planting…” Weather data and prediction are 
improving but farmers still get confused as to when 
to prepare their fields and start planting.” 
PhilRice Munoz, Nueva Ecija, the Philippines.
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Main opportunities related to knowledge services: 

• In addition to increased general awareness, producers are realising the added value of quality, 
certifications and better management of their production processes. 

• There are significant amounts of information available that have not been assessed or used at max-
imum capacity.

• Large guilds, associations and institutions within the sectors are realising the financial challenges 
producers face and that key questions regarding the influence of climate variability on their sector 
have not been clearly answered. Moreover, financial institutions are starting to turn to these ser-
vices to monitor their clients. 

• There is room for local independent institutions that can efficiently provide services to sector stake-
holders by integrating environment, climate, sector and financial knowledge and best practices.

• Weather variability and climate change in recent years, has made it necessary to improve the 
planning and execution processes in agricultural activities to reduce production losses as well as 
increase the quality of life of producers.  

General considerations related to knowledge services
The long-term benefits of good practices, including alley cropping, conservation agriculture, and 
certification schemes, among others, have already shown positive results in the coffee, maize, rice, 
wine and cocoa sectors in Colombia, South Africa and Nicaragua. Such practices provide long-term 
soil protection and micro-climate and pest management. In some instances, short-term cash flow 
benefits are possible, as are social benefits and the employment of local experts.

There is limited visibility on how the market for knowledge services will develop over the next decade 
largely due to the fact that the growth potential of the market is still early-stage. However, the PMCR 
resilience dialogues indicate that demand for knowledge services is currently higher than 10 years 
ago, perhaps due to the current availability of technologies for interpreting environmental conditions 
and greater accessibility to professional assistance. This positive demand trend is further supported 
by decreasing prices, economies of scale and technology advances. 

However, for many companies providing knowledge services and solutions, and with a solid under-
standing of the climates, sub-climates and other environmental conditions, there are more barriers 
than incentives. Financial constraints and a lack of adequate financing instruments, in particular, 
pose significant challenges to companies with knowledge as their main asset. In this context, one 
positive development is that the insurance and banking sectors are starting to take climate risk 
more seriously and are subsequently seeking knowledge to produce adequate financial products and 
calibrate insurance products. 

Fedearroz, Colombia
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Input selection

Planting & cultivation

“T he impacts of climate change, and appropriate resilience 
solutions, vary significantly across the different grow-

ing regions of Colombia. The rice federation is investing large 
amounts of resources in combatting climate impacts as a means 
of improving production and livelihoods across the country.  The 
federation is engaged in extensive international collaboration 
to promote its understanding of technical improvements in rice 
farming, including climate-resilient methods.” Elkin Florez, 
Fedearroz, Colombia.

For more information on the AMTEC 
program and agro-climatic knowledge 
services in Colombia, see Factsheet: 
Resilience Solutions for the Rice 
Sector in Colombia.

Agro-climatic knowledge services
Agro-climatic knowledge services include weather monitoring and forecast-
ing, climate projections and mapping of specific climatic characteristics, 
agro-climatic models for agriculture yield, temporal space analysis of crop 
behaviour, early-warning systems, workshops with producers (agro-climatic 
committees), and support for crop management decisions (for example, plant-
ing timing, irrigation volumes, materials to be sown, main crop management 
practices, etc.), among others. 

The integration of climate information with plant health and conditions, good practices and capac-
ity building provide instrumental support to farmers in planning and managing their production 
processes and, consequently, have the potential to contribute significantly to the resilience of agri-
cultural value chains.

Agro-climatic knowledge services and programs, such as the Massive 
Adoption of Technology  Program, AMTEC, in the rice sector in Colombia, 
managed by the Rice Producers National Association (Fedearroz), provide 
valuable input to the farmers’ decision-making processes. AMTEC collects 
meteorological and climate information and disseminates it to rice produc-
ers, coupled with advice on the implications for soils, plant interaction, seeds, 
and production requirements.

Fedearroz, Colombia
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Conservation agriculture 
Conservation agriculture involves farming in line with the following 
principles:  

• Minimum soil disturbance – reduced or no-till practices and planting with 
different equipment that compacts and disturbs the soil less. 

• Establishing or maintaining organic soil cover with mulch or cover crops. 
In maize cultivation, this often involves leaving maize residue in the field. 

• Implementing crop diversity or rotations, as opposed to mono-cultures.

Conservation agriculture involves significant benefits in terms of improved soil 
fertility, fewer chemicals in the agricultural system and better water manage-
ment. Conservation agriculture typically reduces or reverses soil degradation 
and can increase the depth of the healthy soil horizon. Other benefits involve 
improved water-use efficiency, improved biodiversity, better weed control and 
breaking of disease and pest cycles. Where correctly applied, conservation 
agriculture also reduces the chemical pollution of water resources and soil. 
Ultimately, conservation agriculture can enable sustainable production in mar-
ginal production areas, sustained and more resilient yields in spite of drought 
and other adverse weather conditions, and result in higher profitability due to 
reduced input costs. 

In addition, the PMCR analysis of the maize sector in South Africa found 
additional co-benefits from conservation agriculture.

Identified challenges and barriers for large-scale uptake include financial 
constraints associated with relatively high initial implementation costs (e.g. 
herbicides, equipment and seeds), capacity limitations during intensive learn-
ing and transition phases to conservation agriculture (e.g. pest management), 
and the lack of standard or label to distinguish farmers adopting conservation 
agriculture in their production.

Reduced till

For more information on conservation ag-
riculture in South Africa, see Factsheet: 
Resilience Solutions for the Maize 
Sector in South Africa. 

“F armers are seeing the value of crop rotation, but few 
understand the value of nitrogen fixing by planting non- 

traditional crops such as beans or other legumes.” Farmer,  
BRPM Workshop with farmers in South Africa.

Maize focus group, South Africa, Peter Johnston

Soil management

Residue cover 
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Alley cropping 
Alley cropping is rarely associated with climate change adaptation or climate resilience. The practice 
of alley cropping involves planting arable or ground-cover crops between vines, or other orchard 
crops, so as to ensure soil cover and enhance biodiversity. Diversity is a key feature of stable and 
resilient systems, and by converting a mono-culture into a more biodiverse system, alley cropping 
contributes to climate resilience in a number of ways:

• Alley cropping impacts water management by altering the hydrologic cycle 
through increased water infiltration and by preventing surface run-off of 
water and top-soil during rain events and irrigation. 

• Nutrient cycling and soil quality are impacted as alley crops cycle the nu-
trients to the surface through plant litter. Reduced soil erosion by wind and 
water help maintain soil quality, and the leaf canopy of the alley crop can 
reduce soil damage by rain. 

• Pest management can be strengthened through the habitat diversity cre-
ated by alley crops, which in turn attracts a more diverse set of pests and 
predators. Pest cycles can be interrupted, reducing the need and cost of 
chemical sprays.

• Microclimates within the crop are modified and typically become more 
humid and cooler due to reductions in wind velocity, which reduces evapo-
transpiration.  

• Other benefits identified are related to increased revenues from other 
crops especially while crops are young, animal forage and the associated 
increased employment and revenue opportunities out of harvesting season.

The PMCR analysis of the wine sector in South Africa showed that alley cropping and cover 
cropping is one example of an innovation that requires a programmatic roll-out targeting full uptake. 

There is scope for ensuring that the benefits derived from 
alley cropping are substantial for individual farmers. 
However, very few farmers currently apply alley cropping 
in their farm management. Large-scale uptake would 
require detailed research, extensive capacity building and 
technical assistance, which combined would allow farm-
ers to tailor and manage their alley cropping decisions in 
their specific context. 

For more information on alley crop-
ping in South Africa, see Factsheet: 
Resilience Solutions for the 
Wine Sector in South Africa. 

“S outh African farmers used to treat soil as a medium that 
they controlled and which held their plant nutrients. 

Only recently have they begun to realise that soil is more 
complex, and they have begun working with the idea of terroir. 
It is a new approach that offers new potential.” Wine farmer, 
BRPM Workshop with sector stakeholders in South 
Africa.

Anton Cartwright, South Africa

Sales of alley crops

Assessment of microclimate 
and pest threat, choice of alley 

crop

Growing alley crops
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Moreover, an industry champion would be required to cooperate with farmers, research institutions, 
universities, financial institutions and technicians, in developing and producing the type of fine-
grained information on alley crops that farmers could use to reduce climate risk and improve profits. 
This information would also benefit banks and insurance companies, which could factor the infor-
mation into their financial products and the risk premiums that they offer farmers and, ultimately, 
develop and provide adequate financial products. The combination of the aforementioned develop-
ments has the potential to substantially contribute to the climate resilience of the entire value chain.

Precision farming
Precision farming involves the use of on-site equipment to measure plant con-
ditions and environmental variables, for example, soil humidity at the root 
level, facilitating management of soil water conservation through mulching, 
bio-char and the installation of moisture probes. Through continuous soil 
moisture content logging, farmers are able to prevent over- and under-irri-
gation and unnecessary crop stress, promote root development and improve 
fertiliser uptake. This refined management capacity can save electricity and 
expensive farming inputs. In practice, precision farming, leads to the en-
hanced climate resilience of crop management by the timely identification of 
issues as well as reducing water use and other agriculture inputs.

In the South African wine sector, precision farming with overhead sur-
veillance using satellite and, more recently, drone imagery, is being used to 
identify soil moisture and plant stress. This surveillance allows for more pre-
cise application of water and fertilisers and is being used to support the South 
African agriculture sector, as well as in many other crops across the world. 

Commercial farmers are increasingly paying for precision farming services, 
often linked to contracts that provide fertilisers and irrigation infrastruc-

ture. Growth in this market 
suggests that these services 
offer value for money and has 
been supported by advances in drone technology and 
flight times. The net returns to the farmer in terms 
of water and electricity costs are reported to be very 
favourable. 

For more information on precision 
farming in South Africa, see Factsheet: 
Resilience Solutions for the Wine 
Sector in South Africa. 

Precision farming

“A erial surveillance used to be expensive and crude.  
Drone innovations in recent years have changed that. 

We can now identify which plant is doing well and which one 
is not within an orchard or a vineyard.” Aerial surveillance 
representative for Yara (fertiliser company), South 
Africa.

Soil moisture probes in apple orchard, South Africa. Peter Johnston

Terroir selection

Resource efficiency
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For more information on certification 
schemes in Nicaragua, see Factsheet: 
Resilience Solutions for the Cocoa 
Sector in Nicaragua.

Certification schemes 
Certification schemes do not presently focus directly on climate adaptation, as the promoted ac-
tivities are based on the production of stipulated product quality through the application of good 
practices. In certification and traceability schemes, good practices include specific activities such 
as the implementation of agro-forestry practices, conservation of biodiversity and systematic soil, 
water, pest, shade and watershed management, among others. While not specifically targeting cli-
mate change adaptation, many of the good practices promoted by certification schemes contribute 
to reducing risks from temperature extremes, sudden changes in environmental conditions, soil 
humidity, solar radiation, etc. 

Good and alternative practices in certification schemes can lead to increased production, reduced 
losses and guaranteed production in a changing environment. Certification schemes have been found 
to reduce the environmental impacts of production processes, leading to higher prices and profits in the 
value chain by capitalising on the use of greater knowledge and technical support. Certification schemes 
therefore contribute to the financial sustainability of farmers, and other value-chain stakeholders, by 
encouraging entrepreneurial activity and diversifying the available income options for farmers. In 
this context, certification schemes can potentially make a significant contribution to climate change 
adaptation and resilience along agricultural value chains.

In the cocoa sector in Nicaragua, the uptake of certification schemes has been largely driven by 
international buyers that rely on the supply of high-quality cocoa to produce premium products for 
international fine cocoa markets (mainly Europe & North America). Meeting the quality standards 
of the international market is the main target of cocoa production in Nicaragua. Moreover, although 
cocoa farmers are not required to have certification, certified cocoa beans that meet the quality stand-
ards for the international market, obtain a premium price. An advantage of the Nicaraguan cocoa 
sector is that plantations have been traditionally grown as part of agro-forestry systems, with cocoa 
plants mixed with timber or fruit trees to provide some level of shade, thus the certification process 
can be quicker. 

Certification requires implementation alongside training and capacity building to guarantee that 
producers and cooperatives are able to meet quality standards. Financial constraints among farmers 
are the main barrier to large-scale uptake, as initial investment costs related to upgrading farming 
practices and infrastructure to comply with the certification requirements can be significant and 
require additional administrative effort. Furthermore, maintaining certification requires annual 
payments from farmers, which can also be an extra burden, and even more 
when certification criteria vary with importing countries’ regulations. 

By overcoming the financial challenges related to uptake, cocoa certification 
schemes in Nicaragua have brought several benefits to farmers, including 
sustainable crop management and increased ability to face price variabil-
ity in the market. In order to strengthen the link between adaptation and 
certification schemes, criteria and practices enhancing climate resilience 
could be incorporated into major and emerging certification and traceability 
schemes, thereby serving as a major stimulus to resilient practices.

Ingemann Adapta, Nicaragua

“C limate change is rapidly challenging our as-
sumptions of the world and our expectations 

for the future. It is forcing us to find new solutions 
or rediscover old ones. It is becoming a transversal 
theme to facilitate cross-sectoral dialogue and boost 
collaboration and learning in innovative ways.” 
Claudia Munera, Biologist and Climate 
Adaptation  Expert.
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Water-management and infrastructure solutions
Distribution and access to water is a critical issue for the agriculture sector in the short-, medium- 
and long-term, as climate change continues to impact access to freshwater, water flow patterns and 
increase both seasonal and prolonged water scarcity. These impacts are further exacerbated by de-
forestation, changes in land use and alterations in the natural drainage of rivers and streams. Water 
management and infrastructure technologies during crop management and post-harvest processes 
are facilitating reduced costs and increased productivity in agricultural value chains. 

The PMCR project showed that water management and infrastructure solu-
tions aiming at the more efficient use of water resources was common to all 
analysed value chains, including the rice sector in the Philippines and 
the coffee sector in Colombia. Irrigation and water management tech-
nologies during crop management and post-harvest processes, in particular, 
were found to contribute to reduced production costs and losses, leading to 
increased productivity in these sectors. 

Irrigation is a key input in agricultural production and critical in the con-
text of the impacts of climate variability on production yields. For example, in 
the rice sector in the Philippines, the negative climate impacts on production 
yields are uneven across all regions, being significantly higher in non-irrigated production areas. 
It is estimated that productivity in irrigated rice fields is 43% higher than rain-fed non-irrigated 
areas. In addition to ensuring required water availability, irrigation contributes to the adequate use 
of chemical inputs, such as fertilisers, which in turn also minimise the negative impacts of climate 
variability on production yields. 

In addition to irrigation, water storage and other technologies improving the management and 
efficient use of water resources were identified as a key resilience solution. For example, water 
management machinery used in the production of coffee in Colombia is helping to improve efficien-
cies in post-harvest activities and reducing the consumption of water and energy in the pulping, 
fermenting and washing processes.

Farm-level water management has been highlighted as a resilience solution, 
particularly in those areas prone to drought. This category includes means 
for water preservation, mechanisms and devices for water extraction, water 
transportation and distribution mechanisms to and within farms and facto-
ries, and storage devices and mechanisms that enable adequate and efficient 
use of water. Efficient water management and infrastructure lead to maxim-
ising water, energy and labour resources in production processes, allowing 
producers to better manage resources and maintain product quality along the 
value chain. It was found that equipment-use during post-harvest processes 
improves water efficiency and strengthens the resilience of the coffee sector 
in Colombia.

“T he National Irrigation Authority would like 
to see private sector participation through 

capacity building in operational management, 
helping farmers’ and irrigators’ associations take on 
more enterprising qualities in the way they operate.” 
National Irrigation Authority, the Philippines

Mary Anne Velas-Suarin, the Philippines

For more information on coffee farm-level 
water management in Colombia, see 
Factsheet: Resilience Solutions for 
the Coffee Sector in Colombia.

For more information on irrigation sys-
tems in the Philippines, see Factsheet: 
Resilience Solutions for the Rice 
Sector in the Philippines. 
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For more information on seed development, 
see Factsheet: Resilience Solutions 
for the Rice Sector in the Philippines.

Seed development
As an outcome of the PMCR resilience dialogues, the development of new 
seed varieties was identified as a measure that addresses the negative effects 
of climate change on rice production in the Philippines and Vietnam, and 
the potato sector in Kenya. 

With genetic enhancement, local seed varieties are able to better tolerate ad-
verse conditions without compromising yield potential. With climate-resistant 
seed varieties, crops could potentially be less vulnerable to floods, droughts 
and heat waves, and continue producing favourable yields. Consequently, the 
financial profitability of farmers and other value-chain stakeholders could be 
resilient and sustainable despite the impacts of climate change.

In the Philippines, two research institutions focusing on the rice sector, 
the International Rice Research Institute (IRRI) and the Philippine Rice 
Research Institute (PhilRice), are working on the development of high-yield 
and cost-reducing technologies to support farmers and attain rice sufficiency. 
Both institutions are developing new varieties of rice, including climate-smart 
varieties capable of withstanding floods, drought, increased salinity, and 
heat. In a similar manner, collecting and creating new salt-resistant rice va-
rieties for saline intrusion prone regions, drought resistant varieties for dry 
areas and flood resistant varieties for areas prone to flooding are presented as 
a national priority in Vietnam. In Kenya, new potato varieties were identi-
fied as a resilience solution responding to various problems attributed to the 
systematic use of recycled seeds, including low yields, high vulnerability to 
disease and pests, and poor storability.  

Seed research and development requires significant investments, which drive 
up costs. For example, in the Philippines, there are very few companies 
currently providing climate-resistant seeds to the local market, limiting their 
availability on a commercial level. As a result, seed production still has a weak institutional base, and 
developing climate-resistant varieties and having them adopted by farmers is costly, making large-
scale uptake difficult. However, opportunities for private sector engagement in seed production, 
marketing and extension services are significant. Public-private partnership models have yet to be 
explored, such as terms for sharing seeds of parental lines, developing community seed bank systems 
for farmers, and training on seed production, processing and storage.

For more information on seed development, 
see Factsheet: Resilience Solutions 
for the Rice Sector in Vietnam.

For more information on seed development, 
see Factsheet: Resilience Solutions 
for the Potato Sector in Kenya.

“Army worms (insects/pests) are mostly 
caused by climate change and use of 

excessive chemicals and imported fertilizers that 
are not approved by FDA. Farmers do not usually 
attend agriculture-related training; this is among 
the main reasons why they are not informed on 
new technologies.” Nueva Ecija Fruits and 
Vegetable Seed Center, the Philippines.

Carlo G. Dacumos, the Philippines
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On-farm storage solutions
The shifting of maize production areas in South Africa due to climate change 
is already causing a dislocation between production regions and the location 
of storage and processing facilities, and ultimately markets. Low-cost on-farm 
storage solutions, such as silo bags and bunkers, can be used as an alternative 
to conventional silos to give farmers more flexibility over where production 
is located and the timing of delivery to processing facilities and markets. On-
farm storage allows farmers to take advantage of price fluctuations and to sell 
their production at the most convenient time for them, for example, when market prices are higher. 
Moreover, the use of silo bags and bunkers potentially increases production resilience at the farm level, 
as it increases the control of pest and moisture management.   

Farmers have three options after harvesting: i) deliver immediately to a silo owner or miller; ii) store 
in silo bags and bunkers at any convenient location offered by the service provider, and iii) erect their 
own silos, or use on-farm silo bags and bunkers. Currently, the first option is the most common. The 
building of new large-scale storage facilities, such as grain silos, is often prohibitively expensive and 
unattractive to most farmers. Consequently, due to the inability to cover the extraordinary costs of 
silo construction, farmers use large-scale commercial silos located off-farm. In addition to flexibility 
related to location constraints, alternative storage options provide an opportunity to lower costs 
related to post-harvest processes, of which storage costs are generally significant.

In the maize sector in South Africa, silos were built historically by state-funded agricultural 
co-operatives and were linked to an active public sector rail network that connected farms, silos and 
ports. In the past three decades, the climatic zones in which maize is grown 
have shifted eastwards in the country, state-support for agricultural co- 
operatives has also been removed and the rail network has all but collapsed, 
leaving many farmers to rely on road transport. These trends have resulted 
in a disconnection between maize production and maize storage silos. In this 
context, the use of on-farm storage bags instead of conventional silos that are 
no longer proximal to functional transport, holds potential in overcoming the 
difficulties and lack of flexibility for growers in maize storage.

For more information on on-farm storage 
solutions, see Factsheet: Resilience 
Solutions for the Maize Sector in 
South Africa. 

“W e are at the mercy of the traders. They 
know if we are lacking our own storage 

facilities, we have to sell, and they take advantage of 
that by offering us lower prices for grain and (where 
applicable) livestock.” Farmer, BRPM Workshop 
with Farmers, South Africa. 

Peter Johnston, South Africa

Discharge and sales
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For more information on on-farm storage 
solutions, see Factsheet: Resilience 
Solutions for the Potato Sector in 
Kenya.

In the potato sector in Kenya, in line with general agricultural production 
systems, production is rain fed. Planting and harvesting occur almost simul-
taneously country-wide, resulting in cyclical gluts and shortages at predict-
able times of the year. There is no storage facility with the capacity to absorb 
potatoes during gluts to meet the demand of consumers and processors dur-
ing shortages. Apart from stabilising markets and therefore prices, on-farm 
storage would also reduce post-harvest losses. Additionally, adequate seed 
storage, making seeds available for farmers whenever needed, would ensure 
timely planting, thereby reducing exposure to climate risks as farmers would 
be able to plan their production.

Despite lower implementation costs relative to traditional storage facilities, on-farm silos represent 
significant capital investments and high up-front costs to be borne by the farmers, therefore, the 
solutions are not accessible for all farmers. With on-farm storage solutions, the responsibility of 
pest and moisture control remains with the farmer. Some silo bags may increase exposure to pests; 
these are also more delicate than steel or concrete silos and need careful handling. Consequently, the 
large-uptake of on-farm storage solutions are to be built up through systematic capacity building and 
financial incentive schemes. 

Vivian Atakos (CIP-SSA)

Harvesting

“S torage solutions are a solution for farmers because of cheaper cap-
ital outlay for suppliers and farmers, their flexibility, which allows 

farmers (and our company) to expand or contract our maize business as 
required by demand and by the weather related production. Silo-bags can 
be easily moved as maize producing areas shift, they require fewer skills to 
operate storage, lower transport costs, much lower capital investment and 
can be located at any suitable site in a short time.”  Resilience Dialogue 
with BKB GrainCo, South Africa.
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4. Resilience Solutions  
in the Transportation Sector
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Maintenance and operational costs in the transportation sector are expected to increase significantly 
in the future, as climate change exacerbates the rate and nature of asset deterioration. In a time of 
increasing climate variability, transportation infrastructure is key in supporting reliable services, 
and resilient economies.  

The PMCR project identified climate threats to the transportation sector in Colombia, South 
Africa and the Philippines, as well as solutions that would enhance the resilience of the sector, en-
suring permanent and safe services in the face of climate change. The analysis focused on identifying 
existing market barriers and the potential reconciliation between demand and supply. The PMCR 
analysis focused specifically on the road and port sectors in Colombia, and the road sector in South 
Africa and the Philippines. 

The private sector is involved in various processes in the road sector, including design, construction, 
operations and maintenance, mainly as a service provider. In the selected PMCR countries, procure-
ment and road design, including key decisions such as route, materials and amount to be invested, 
are almost exclusively public-sector decisions. This role division is largely due to the concentration of 
government ownership of key decision processes in the transportation sector of the selected countries.

In the PMCR countries, investment in the road sector is conditioned by the 
significant role of the public sector. Whereas public taxes are funnelled into 
road infrastructure and maintenance, the allocated budgets are insufficient 
to keep the required quality and maintenance. Government infrastructure 
procurement is also notoriously difficult to innovate. Potential financial 
instruments to support pre-emptive investments include infrastructure and 
climate bonds in which financial institutions could take a role in strengthen-
ing the preparedness for climate change of the road sector. 

Additional constraints to the resilience of the transportation sector include the lack and the limited 
use of climate change data in the design, selection of construction materials, construction techniques 
and maintenance of roads. Currently, most road design and construction assume stationary climates, 
and designs are very often based on historical weather data. Neither of these would be the most 
appropriate approach in a changing climate as temperature, precipitation and run-off varies with 
climate. Special care would need to be taken to incorporate uncertainty into any new values in road 
maintenance and replacement design specifications. 

A better understanding of climate change and expected impacts on weather conditions will en-
hance the preparedness and resilience of the sector to changing conditions and more extremes. A 
climate-resilient transportation sector benefits upstream and downstream value chains of raw ma-
terials and processed goods and key economic activities, and ensures the sustainability of societies. 

The selected resilience solutions in the transportation sectors in Colombia, South Africa and the 
Philippines include the following:

1. Knowledge services including improved and innovative road design and sediment monitoring 
programs in ports;
2. Innovative and resistant construction materials;
3. Road network maintenance and upgrades; 
4. Refitting infrastructure during maintenance works.

Resilience Solutions in the 
Transportation Sector

“Identifying and implementing adaptation measurements in 
the port sector represents a critical aspect to guarantee the 

country’s competitiveness in a changing climate.”   
Carlos Andrés García, Ports & Logistics Consultant, 
Colombia.

“I n terms of resilient infrastructure, 
we have to quantify resilience first 

because of the multi-hazards that we are 
experiencing now”.  Cebu Provincial 
Office (provincial government), the 
Philippines.
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Knowledge services
Knowledge services play an important role in the design, construction, 
maintenance and operations of roads and ports. Knowledge services include 
technical assistance, specialised consultancies, and expertise used in all 
transport infrastructure process models with the exception of the ‘decision 
to build a port or a road’. These services include advising public authorities 
on road planning and path design, material selection, and construction 
techniques, among others. In the case of ports, services also include the 
provision of environmental impact assessments, infrastructure monitoring 
and replacement and innovative approaches to the monitoring of changes in 
coastal dynamics, among others. Current road and port design parameters, 
including the selection of materials, if not adjusted will become inappropriate 
in a changing climate.

In South Africa, most road construction assumes no changes over time in weather and climate 
conditions, and designs are often based on weather data that dates back to the mid-20th century. 
This approach is clearly inappropriate, as data show that localised temperatures, precipitation and 
run-off are changing in warmer global climates. The Weinert Index, used to adjust the bitumen 
binder content in asphalt used in road construction, is one example of a design parameter that, if not 
adjusted, becomes inappropriate under climate change.

Calibrating design parameters used to inform designs and select construction materials, such as the 
Weinert Index, would incorporate climate change and, therefore, strengthen material resistance and 
increase preparedness for changing climate conditions and more extremes. Moreover, in addition 
to contributing to safety for the users of infrastructure, climate-resilient design and construction 
is associated with lower repair and maintenance costs in the long term, as well as lower insurance 
claims and costs. 

In the port sector in Colombia, special attention is drawn to risk assessment, 
as part of the environmental impact assessments, sediments monitoring 
and planned dredging actions, and compliance with the regulations of the 
National Authority of Environmental Licensing. Across all decision processes 
in the port sector, there are providers of knowledge services (private, mixed 
and public) creating awareness. However, a general understanding of the 
impacts of climate change is still limited. An advantage of the port sector is 
that operations are based on commercial profitability and activities are highly 
professionalised. Consequently, most commercial ports have the financial ca-
pacity to contract knowledge services and the operational capacity to monitor 
and assess the application of these services. 

For more information on knowledge 
services in the transport sector, see  
Factsheet: Resilience Solutions for 
the Road Sector in South Africa.

For more information on knowledge 
services in the transport sector, see  
Factsheet: Resilience Solutions for 
the Port Sector in Colombia.

Buenaventura Port. Carlos A. García, Colombia

“Y ear after year, we are seeing more and more 
accumulation and transport of sediments in 

the bay, we think this is the result of two processes: 
increase in rainfall and deforestation upriver and 
in the mountains surrounding the bay.” Miriam 
Mosquera, Environmental Chief, Sociedad 
Portuaria de Buenaventura, Colombia.
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Innovative and resistant materials
Innovative materials that take advantage of knowledge and technological 
development have the potential to transform the climate resilience of the road 
sector. Particularly, alternative materials to traditional construction materi-
als can provide climate resilience benefits and extend the life and resilience of 
roads in the face of extreme weather conditions and climate variability. 

In the context of the BRPM analysis, construction materials used during 
the construction, maintenance and rehabilitation processes were found to 
represent a good investment for climate resilience. In addition to minimising 
potential climate-related disruptions to operations, pre-emptive resilience 
investments in road projects represent financial savings in the long term, 
bringing lower repair and maintenance costs and strengthened safety for 
users. 

Resilience dialogues with road sector stakeholders in Colombia showed that national agencies are 
increasingly understanding the importance of including climate change risks and related impacts in 
road infrastructure development. In the context of government programs created directly to address 
climate risks, incentives are being created to motivate companies building and refitting road projects 
to use innovative and resistant materials. Moreover, the analysis showed that the use of resistant 
materials, such as the recycled rubber asphalt being used in road construction in Colombia, involve 
mitigation co-benefits and, consequently, represent a win-win adaptation and mitigation solution.

In the Philippines, alternative materials for road construction, such as the 
Expanded Polystyrene (EPS) Geofoam, are being used to provide climate 
resilience benefits and extend the life of roads. EPS Geofoam is a lightweight, 
cellular plastic material that is strong but has a low density, with a weight 
of approximately 1% of usual earth fills or soil and less than 10% of other 
lightweight fill alternatives. The material has been used by the construction 
industry in Europe since the 1960s. In the Philippines, it is used for embank-
ment projects, slope stabilisation and construction in soft soils, and as a 
geotechnical material usually for ground fill application. While EPS Geofoam 
reduces the stress of loads imposed on the underlying or adjacent soils and 
structures, its greatest resilience benefit arises from the possibility of build-
ing throughout the year as it is unaffected by prevailing weather, lowering the 
probability of climate-related delays during the construction phase. 

For more information on materials 
strengthening climate resilience in the 
road sector, see Factsheet: Resilience 
Solutions for the Road Sector in the 
Philippines.

For more information on materials 
strengthening climate resilience in the 
road sector, see Factsheet: Resilience 
Solutions for the Road Sector in 
Colombia.

“T he Disasters Risk Management Unit has produced 
guidelines that we welcome everyone to use in 

the design of infrastructure projects, and to analyse and 
assess risks in intervention areas, including those related 
to climate changing conditions.”  
Martha Ochoa, Disasters Risk Reduction 
National Office, Colombia. 

Pumarejo Bridge, Magdalena river Delta, Colombia,  
Jose Luis Castiblanco 
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Road network maintenance and upgrade 
Good infrastructure management is key for resilient infrastructure, but 
targeted actions are also needed. The evidence from road maintenance stand-
ards show that early and preventative action saves money in the long run and 
makes roads safer. Road upgrades and maintenance represents a long-term 
option with immediate benefits and high economic multipliers.

Pre-emptive upgrades of gravel roads and the more regular maintenance of 
paved roads can potentially hasten the transition to climate resilience, while 
saving money and creating new employment. In conjunction with actual road 
construction and the paving of gravel roads, other adaptation opportunities 
exist. On gravel roads, options include increasing the sub-base drainage 
capacity and more frequent grading to ensure rapid and regular water run-
off. Paving gravel roads is usually in the interests of resilience, but has to be 
justified in terms of use and associated costs. 

Road upgrades represent financial business opportunities for private-sector companies providing 
products and services and creating job opportunities as it is labour intensive. Co-benefits include a 
mobile economy that creates more jobs and greater access to markets for all producers. Good roads 
benefit upstream and downstream value chains of raw materials and processed goods, tourism etc. 
The fact that additional up-front investment would save money represents a quintessential ‘financ-
ing’ opportunity for the road sector and financial institutions.

There is a recognised gap in the available information on the state of roads and the cost and processes 
for repairing and building roads. Research and development, and greater science-policy interactions, 
would increase the skill with which road construction and upgrades can be tailored to changing 
climates. This will require better projections, monitoring of weather-related impacts, research into 
new and innovative construction materials and their 
resistance to climate variability, and new engineering 
and design skills that factor climate change into road 
construction and maintenance. Better communication 
of the extent and state of roads could systematically 
improve the resilience of road networks.

For more information on road manage-
ment and upgrades, see Factsheet: 
Resilience Solutions for the Road 
Sector in South Africa. 

“I     cannot store roads, so during the rainy season I make 
sure my operations and logistics departments are tuned 

in with IDEAM ś weather forecasts and early-warning systems.” 
Gabriel Molina, Incoasfaltos, Colombia.

Secondary road in the Garden Route, South Africa, Claudia Munera 
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Refitting infrastructure
Coastal conditions require constant maintenance to ensure that infrastruc-
ture can keep operating without disruptions. Sea-level rise and freshwater 
flooding pose serious risks to business continuity in the port sector. The 
PMCR analysis of the Colombian port sector demonstrated that there is 
limited understanding of the consequences of climate change to the sustain-
ability of the sector. Particularly, despite the existence of a sector adaptation 
plan, very few port terminals are aware of the potential impacts of climate 
change to their infrastructure and businesses in the medium and long term.

In the context of strengthening the resilience of ports, operators can choose 
between periodic maintenance activities, including upgrading and refitting 
infrastructure that addresses climate and sea-level rise related risks, or a 
one-off adaptation intervention designed to address long-term risks. Due to the longer-time horizon, 
the latter option involves decision-making with greater uncertainty of risk magnitudes, around the 
economic benefits and higher investment costs. 

Upgrading and refitting infrastructure while performing maintenance works has been identified as 
a cost-effective alternative for adapting ports to climate change impacts. Also, with the uncertainty 
related to the characteristics of climate-change impacts in coastal zones, refitting and upgrading 
infrastructure are a flexible short- and medium-term solution that enhances pre-emptively the sus-
tainability and competitiveness of ports. 

Upgrading and refitting activities include the alteration of port infrastructure designs, adapting 
drainage, slope management, and raising docks, among others, which strengthen the resilience of 
ports by preparing them for climate-change impacts. For example, an identified resilience solution 
in Colombia focused on raising port infrastructure above the floodplain, elevating facilities, and 
designing a system to accommodate the difference in height between the water level and the port 
infrastructure.  

For more information on refitting 
infrastructure in the port sector, see  
Factsheet: Resilience Solutions for 
the Port Sector in Colombia.

Santa Marta Port, Colombia, Sergio Moreno
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5. Private Action 
on Climate Resilience 
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Most private resilience activity in the PMCR countries is not currently described as climate re-
silience or adaptation by the companies themselves or by public authorities. This is consistent with 
most other markets, where the private-sector response to climate risks has gone largely unlabelled 
and is only beginning to be recognised. More often, the private sector is seen only as a source of 
climate finance or as a passive investor, rather than a driver of innovative solutions or a broker of 
market intelligence that can inform future action.   

Whether acknowledged openly or not, climate-related risks are eliciting actions to protect busi-
ness operations as well as driving business opportunities across many sectors. Such actions and 
opportunities enhancing climate resilience are often specific to particular geographic exposures and 
vulnerabilities, market structures and technical and economic requirements in each sector.

In the agriculture sector, weather and the natural environment have always played a key role including 
episodic and chronic weather events. Many traditional approaches or highly similar measures that 
agriculture has used to manage weather as usual are also used to respond to weather plus climate 
change types of risks. The same holds true for many measures to deal with climate risks facing road 
and port construction and operations.  

Based on the characteristics of products and services highlighted by PMCR country teams, three 
broad categories for private climate resilience action were identified:

1. Defensive: all solutions protecting existing operations or infrastructure in the face of a changing 
climate. The main driver of defensive solutions is to protect profits.

2. Innovative: solutions involving new methods, practices and technologies that can spawn new 
social or value-chain relationships. 

3. Transformative: solutions that can change the nature of a company or sector, disrupting busi-
ness as usual, or finding new applications for existing tools or practices.

In practice, all three categories can overlap, play complementary roles and act in synergistic ways 
to promote new and more effective climate-resilience solutions. Plus, regardless of the motive for 
building resilient solutions, all three categories are currently generating business opportunities and 
would benefit from scaling.

Private Action on Climate Resilience

Fedearroz, Colombia
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Defensive resilience
As global climate change manifests in episodic weather events and increased climate variability, 
private actors are expected to increase defensive measures to protect their operations and business 
assets. Greater availability of targeted climate analytics and other measures that yield more accurate 
climatic projections are key tools in defensive resilience in business operations.

Identified solutions as examples of defensive resilience include: 

• Agro-climatic knowledge services providing value-chain stakehold-
ers with critical information for all climate-relevant processes.

• Conservation agriculture is a beneficial response to existing and 
future climate risks, and is both defensive in nature and a potentially trans-
formative strategy.

• Improved seed varieties and efficient irrigation systems are examples of defensive meas-
ures that allow plants to resist episodic and chronic environmental conditions.

• Silo bags and on-farm storage facilities are a defensive mechanism to 
manage humidity during storage and protect against price fluctuations in 
the market.

• Innovative construction materials are a defensive tool that in many 
cases increases the resistance of transportation infrastructure and/or al-
lows for the efficient construction of infrastructure regardless of weather 
conditions, thereby reducing costs associated with delays.

• Refitting infrastructure is a cost-effective defensive strategy to decrease 
climate risk and increase the resilience of key transportation infrastructure. 

Innovative resilience
Innovations are generating new practices and value-chain relationships. Fast-moving technology, 
access to information, and the growing threats posed by climate change to productive operations and 
assets, are driving a range of innovation in production processes, products and services. Innovation 
that increases resilience comes through a combination of knowledge of local conditions, climate risks 
and informed responses. 

Many businesses seek greater efficiency through new processes, technologies, products and new 
markets. Existing processes or technologies may be adapted to build resilience in some cases, in 
others it may be necessary to design and implement completely new processes and technologies. New 
technology is often a challenge to users that are accustomed to existing tools and methods. There is, 
of course, a cost and affordability component, but evidence of a positive benefit-cost ratio seems to 
support innovation. For small holders in many countries, these technologies are not yet affordable, 
and other barriers to uptake include knowledge and service levels available at remote locations.

A workshop organised by Ecosaga with local farmers on climate data services. 
Ecosaga, Colombia

For more information on agro-climatic 
knowledge services in Colombia, see 
Factsheet: Resilience Solutions for 
the Rice Sector in Colombia.
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Identified solutions as examples of innovative resilience:

• Precision farming is an approach that directly targets resilient agricul-
ture practices by using innovative tools, such as digital soil moisture probes, 
satellite imagery and drone technology. The uptake of this approach is being 
accelerated by technological advances that are increasing the availability of 
tools coupled with decreasing costs for users.   

• Alley cropping is a simple but underutilised option that innovates crop management. The 
technological and cost requirements are relatively low and while more research is needed these 
measures hold the promise of enabling cost-effective solutions for small farmers.  

• Agro-climatic knowledge services are using innovative methods to assist farmers in crop 
management. Increased availability of high-quality and precise climate data and information pro-
vide critical support to farmer decision-making processes.

• Certification schemes that incorporate climate-resilience enhancing practices provide new and 
innovative opportunities to farmers to improve entrepreneurial and productive processes, reduce 
environmental impacts and help them achieve financial sustainability.

• Improved rice seed varieties are considered as innovative resilience, 
given that a change in the status quo of rice cultivation is required.  Research, 
particularly on rice seeds, has led to reported efficiencies in both cultivation 
and crop management. 

• Water management and infrastructure comprise innovative resil-
ience solutions that improve water efficiency and reduce energy consump-
tion in agricultural production processes.

• Knowledge services in the port sector, particularly in the context of sediment monitoring and 
planned dredging actions, have the potential to innovate traditional approaches to better suit rap-
idly changing operational conditions. 

• Innovative construction materials used in the transportation sector allow the efficient con-
struction of infrastructure regardless of weather conditions, reducing costs associated with delays.

Transformative resilience
This category comprises processes, products and services and companies that disrupt sectors 
and business practices using new technologies, techniques, or the repurposing of activities. 
Transformative actions often generate new products and business models and create new markets. A 
lack of awareness is the greatest barrier facing transformative resilience. 

As noted throughout this report, the awareness of climate variability as manifest in episodic and 
chronic weather events is high. People can see that weather patterns are shifting and that in many 
places weather fluctuations have become more extreme. Moreover, climate change is changing the 
probabilities and distribution of weather events and that the past is no longer a reliable signpost for 
strategic planning. 

Identified solutions as examples of transformative resilience:

• Conservation agriculture deploys a new complement of machinery and production methods, 
thereby transforming the interaction between farmers and their ecosystems. Transformative resil-
ience is enhanced by synergistic responses of supply and support industries to the evolving demand 
arising within this transformative approach.  

• Community irrigation systems can potentially lead to a transformative path by reshaping 
the role of the farmer from ‘just producer’ to ‘co-owner’ of production processes. These systems 
are governed by a close relationship and new partnership models between private and public stake-
holders. 

• On-farm storage solutions have the potential to transform the agricultural sector by allowing 
farmers to have ownership of decision-making processes relating to the supply of products to the 
market.  
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AGRICULTURE

              Resilience solution Defensive Innovative Transformative

Agro-climatic 
knowledge services

x x

Conservation 
agriculture

x x

Alley cropping x

Precision farming x x

Certification schemes x x

Water-management machinery x

Irrigation x x

Improved seed varieties x x

On-farm storage x x

TRANSPORTATION

Knowledge services x

Innovative materials x x x

Refitting infrastructure x

• Innovative construction materials have the potential to transform the road sector by cre-
ating and capitalising on expected adaptation and mitigation benefits, and contributing to the 
reduction of greenhouse gas emissions and maintenance costs, as well as ultimately unlocking 
climate-resilient financing to the sector. 

A summary of the categorisation of selected resilience solutions in terms of the three broad 
categories for private climate-resilience action is presented below.
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Graphical analysis of resilience solutions
The diagrams below represent graphical comparisons of the resilience solutions selected and an-
alysed in terms of their contribution to resilience, to what extent solutions address climate risks 
directly, and the demand and availability of technically viable solutions. Each solution is represented 
within the country and sector context.

Contribution of solutions to climate resilience

All solutions in the diagrams contribute to climate resilience in their respective sectors and coun-
tries. Towards the right end of the axis are those with a clearer and more direct contribution towards 
achieving climate resilience. 

Solutions addressing climate risks directly

Towards the right end of the axis are those solutions that directly address one or more climate risks. 
Towards the left end are solutions that require further action or stakeholders to reduce climate risks, 
for example, knowledge services could provide the best advice, but advice, per se, does not reduce 
risk, rather its implementation.
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Solutions technically ready to apply

Towards the right end of the axis are those solutions with a solid business case, even if not yet fully established 
in the market, as these could be entering the market at the moment of this assessment. Solutions with a weaker 
business case are located on the left of the axis.

Market demand for solutions

Towards the right end of the axis are those solutions highly demanded by consumers, even if the link 
with increasing climate resilience is weaker. Solutions towards the left end are less in demand with 
consumers; this does not mean they are not being demanded by users.
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General conclusions 

Agriculture

• Knowledge services, such as those involving good agriculture 
practices, conservation agriculture and precision farming, 
appear to provide greater resilience among the solutions that are already 
available within the market. 

• Alley cropping requires a stronger demonstration, in terms of climate resilience building, price 
and affordability, to fully represent a sound investment and business case.

• Water-management infrastructure, certification schemes, agro-climatic knowl-
edge services and irrigation systems, although enhancing climate resilience, might be con-
sidered expensive and inaccessible for farmers. Efforts that improve accessibility and lower costs 
will benefit both buyers and suppliers of these resilience solutions. Communal irrigation systems in 
the Philippines are a step forward in that direction.

• The results for seed development differ among the three selected examples of the resilience 
solution. In the Philippines, rice seed development scores well on contribution to resilience and 
availability of technically viable solutions in the market. In Vietnam, the development of rice seeds 
is championed by the public sector, while distribution is the main private-sector role. In Kenya, po-
tato seed development, which is at an early market stage, also requires a stronger case for creating 
climate resilience and economic viability.

• On-farm storage solutions and precision farming, although well placed in the market, still 
require a better business case to increase climate resilience.

Transportation

• Innovative and resistant construction materials have an estab-
lished market and are technically viable solutions. However, these materials 
remain more expensive than traditional materials, affecting demand. Also, 
a stronger link between the use of these materials and their contribution 
to climate resilience must be proven in order to attain significant scale-up.

• Knowledge services, such as the sediment monitoring of ports, include various technical, logical 
and viable solutions. However, the establishment of a market lags behind other resilience solutions.   

• While the contribution of refitting infrastructure has a strong link to climate resilience, the 
availability of technically viable solutions is at an early stage in the development curve. Greater 
capacity needs to be created among private sector stakeholders, so that they can properly address 
climate impacts.   

Coffee farm, Nicaragua, Claudia Munera
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6. Challenges for Resilience 
Solution Suppliers
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Challenges for Resilience Solution  
Suppliers

In all of the PMCR countries and sectors, there is a clear demand for products and services that 
enhance climate resilience. This growth in demand gains additional momentum during particular 
environmental crises. While most of these products and services are marketed without explicit 
reference to climate change, resilience is increasingly evoked as one of the many benefits of some 
products. There are also some solutions that could play a key role in increasing climate resilience, for 
which viable business models still need to be developed.

Customer profiles vary with geography, financial status, purchasing power and access to information, 
among other variables. Customers of the selected PMCR resilience solutions include farmers, inter-
mediaries, NGOs, governments and their support agencies. There are, however, common challenges 
that currently hinder the development of a mature market for these products and limit the ability of 
the private sector to more actively engage in climate adaptation. 

The characteristics of companies providing climate resilience solutions in the PMCR countries are 
diverse in terms of size, experience, resources and capabilities. Some companies are start-ups pro-
viding services and products that address specifically the impacts of climate variability. Others are 
long-established companies offering services that have either been available in the market and have 
gained new demand in the context of climate change or have been designed specifically to address 
new challenges. 

Suppliers of resilience solutions in the PMCR countries identified a variety of factors that limit their 
ability to expand the market for their products and services. While some of these barriers are spe-
cific to climate resilience, many reflect the more general challenges of doing business in the selected 
countries. While the conditions that shape the market for resilience products and services cannot be 
separated from wider conditions within sectors and countries, it remains critical for any discussion 
on how to improve market conditions for the suppliers of resilience solutions to consider where re-
sources would best be targeted in the context of a changing climate.  

PMCR findings on supplier challenges

Resilience as a business case 

There are a number of solutions, which could potentially play a key role in increasing climate resil-
ience in the assessed sectors. However, for most of the identified solutions, there is a need to develop 
a viable business model that would lead to large-scale commercialisation and sector-wide resilience. 
New models would support suppliers in taking advantage of opportunities to expand their customer 
base and, for example, to include those at the ‘base of the pyramid,’ and to create viable business 
models for those resilience solutions that currently lack one.

During the resilience dialogues, suppliers noted the difficulty in making a ‘return-on-investment’ 
case for their resilience solutions. This was particularly true where the transition to a climate resil-
ient solution involved additional costs or required the running of old and new systems in parallel 
for an extended time during the transition. In the Philippines, for example, while contractors 
understand the value of building in line with climate-resilient approaches, in the absence of clear 
policies and standards mandating resilience, these transitions are seen as an additional cost rather 
than a long-term investment with a return. In this regard, the lack of accessible case studies on the 
economic value of investment in resilience was also highlighted. 

“Integrating climate resilience at first is an additional cost… 
who is to say that that is really effective in the long run? 

Someone has to do a test case, a pilot project. If they are willing 
to do it, then it’s well and good… We can’t fight nature. All we 
can do is to prepare.” International Builder’s Corp. (IBC) 
(private contractor), the Philippines.
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Affordability of solutions

The affordability of resilience solutions to potential customers was identified as an important barrier 
preventing suppliers from serving a larger market. In the resilience dialogues, it was repeatedly em-
phasised that affordability of the product or service among poorer customers was a key factor limiting 
growth and demand. This is as much a supply issue as a demand issue, representing an opportunity 
to innovate and reach out to a large group of potential new customers. It is also a finance-related issue 
as insurance companies exposed to industry-wide risks and agri-processors with sunk capital have 
strong reasons to invest in their farmers’ climate resilience in order to sustain their own businesses.

In Colombia, resilience dialogues emphasised that many solutions were too expensive for individ-
ual farmers and the difficulties in assessing the monetised value of climate risk in the final harvest 
prices create challenges for the justification of specific investments. In South Africa, the shift to 
conservation agriculture or precision farming requires both new equipment and new approaches 
adopted at both a management and a field-labourer level. 

Access to finance 

A major constraint for many suppliers of resilience solutions is related to difficulties accessing credit 
and loan facilities. Lenders often apply stringent lending criteria to MSMEs, which leads to many 
start-ups and small companies failing to acquire financing. Access to credit is a critical issue par-
ticularly among knowledge service providers. This could be the result of not having tangible assets to 
provide as collateral against a loan or a lack of understanding on the part of lending institutions as to 
the nature of the business and its value. 

The lack of policies to incentivise the integration of climate resilience into existing practices, or 
encourage the private sector to engage in the development of products or services to address climate 
resilience was noted during the resilience dialogues. Linked to the perceived lack of a clear business 
case for addressing resilience, suppliers in the Philippines suggested the need for tax breaks or 
financial products to catalyse private-sector investments in resilience. For example, financial insti-
tutions in the Philippines are offering incentives for companies to invest in renewable energy and 
energy efficiency through risk-sharing facilities, providing guarantees and technical assistance for 
integrating renewable energy or energy efficiency into business operations. These types of products 
that would incentivise resilience are largely unavailable in the PMCR countries. 

“P rivate sector actors are not (yet) ready to embrace climate resilience because 
it is an “added cost”… (but they) could go the extra mile, if there were govern-

ment subsidies or tax rebates... (these companies) are not violating anything because 
we are following the minimum standards.” Private contractor, the Philippines.

Maria Eliniesa A. Lucas, the Philippines
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Challenge Consequence

Factors affecting business growth

Limited access to credit and financial 
support.

Limited investments, growth and innovation in new 
products.

Difficulties in proving a business case for 
individual products or services.

Harder to increase coverage without a clear business 
case for a product.

Difficulties in communicating instructions 
or product specifications to end users.

Failure to provide the expected outcomes and avoid 
reputational damage.

Regulatory, tax and financial frameworks 
are not sufficient to provide support for 
small businesses.

Challenges for small suppliers to operate under same 
regulatory regime as larger firms.

Limited support for innovation. Limited development of new products and services.

Constantly changing international 
standards.

Additional costs and increased risks that realised 
investments are not profitable.

Additional challenges

• Challenges in running small businesses: These are particular to knowledge-based compa-
nies, which are often start-ups or small consultancies with limited business experience or financial 
and human resources. While the understanding of climate change as an issue and of adequate solu-
tions is strong, these companies often struggle with navigating the rules and regulations governing 
business activities, which are more appropriate for larger companies. 

• Lack of incentives for MSMEs: The difficulties for MSMEs associated with competing under 
the same tax and regulatory regime as large companies were highlighted in all PMCR countries. 
These difficulties include the lack of incentives to support the development of new product areas ad-
dressing climate resilience. Beyond tax policies, the need to support business innovation in general 
and understanding of where business opportunities lie was also highlighted as a barrier preventing 
firms from creating new products and services to support climate resilience.

• Limited integration of climate change into regulation: The degree to which climate 
change is integrated into regulations governing different sectors varies by country. In many in-
stances, it was highlighted that the integration of climate risk considerations into sector policies 
and contracting, budgeting and procurement processes, would enhance significantly the business 
case of climate-resilient approaches.

• Changing international standards: For high-value commodities, such as wine and cocoa, 
with well-developed international markets, there is a strong business incentive for certification. 
However, continuous changes in international standards place a burden on certified companies, 
both in terms of additional costs and updated internal knowledge and procedures. 

Main barriers faced by suppliers of climate resilience products and services



61PMCR REPORT GLOBAL REPORT

Climate-specific factors

High ‘switching’ costs and risks in 
transitioning from existing practice to 
climate-resilient practice.

Farmers continue with existing and sub-optimal 
practices.

Limited integration of climate change into 
regulation.

Limited uptake, scale-up and market expansion.

Lack of incentives for addressing resilience. Higher barriers to entry for enterprises with 
resilience solutions.

Poor awareness of climate-change impacts 
as a business opportunity.

Limited uptake and innovation required to respond 
to climate-change impacts.

Final users are not aware of, or interested  
in, climate solutions and prioritise more  
urgent risks.   

Difficulties for resilience enterprises in proving the 
business case for new solutions.

Difficulties in predicting climate risks 
accurately and quantifying future impacts 
in financial terms.

Continued management of impacts reactively, in the 
form of loss and damage avoidance.

Integrated climate resilience of PMCR suppliers
For individual companies within the different typologies, operational integration of climate resil-
ience can vary greatly. Individual suppliers share features of an emerging market that should be 
taken into account as project managers develop investment opportunities. These features include:

• Awareness of climate variability and risks and capacity to invest in climate resilience;

• Knowledge and technology to reduce risks to business processes and take advantage of new 
opportunities; and

• Management processes and financial products that are appropriate to the companies’ 
business models.

The PMCR suppliers of resilience solutions were assessed using a Climate Resilience Maturity 
Model with the following four levels:

Resilience Focus

Climate Awareness

Climate Innovation

Business as Usual
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For more information on agro-climatic 
knowledge services in Colombia, see 
Factsheet: Resilience Solutions  
for the Rice Sector in Colombia.

1. Business as Usual: The baseline of an organisation that has not considered climate change in 
its business processes, whether from ignorance or focus on day-to-day operations.

2. Climate Awareness: The first level is being aware of the threats and their impact on existing 
business processes. 

3. Climate Innovation: Beyond climate change awareness and its impacts on business activities, 
organisations responding to demand by innovating and creating new products or business models 
that deliberately contribute to climate resilience.

4. Resilience Focus: As with any new challenge, there are organisations with an explicit mandate to 
provide products or services that increase resilience. While more common for climate mitigation, this 
is an emerging class of organisation with a resilience focus that is expected to grow. 

 
The majority of companies providing resilience solutions identified by the PMCR project can be placed 
in the Climate Awareness category. Companies are generally aware that climate variability is a factor 
driving demand for a specific product. While many have seen increas ed aware-
ness of climate change among their customer base, most companies have not 
developed products or services with the specific aim of providing customers 
with a way of adapting to climate change.

In certain cases, such as the port sector in Colombia, while there is growing 
awareness, current operational risks are addressed in a Business as Usual 
manner. For this category, the primary challenge is making it easier to adopt 
available climate-resilient solutions, either through better-equipped stake-
holders that support capacity building or through the adoption of innovations 
that do not disrupt day-to-day operations. 

Climate Innovators, or companies that have developed products or services specifically aimed at in-
creasing resilience, were much rarer in the PMCR countries. Ecosaga, a Colombian company offering 
agro-climatic services designed specifically for climate variability, is an example of this category. In 
South Africa, companies classified as Climate Innovators were identified, 
offering climate resilience as part of their services or products, in line with 
increasing impacts on agriculture and roads. For example, individual wine 
farms in South Africa are actively innovating and exploring new techniques 
and locations for producing quality products under higher temperatures. 

At present, there are very few private-sector companies considered as hav-
ing a Resilience Focus. However, there are several think tanks, NGOs and 
research organisations with a clear climate focus in the target countries. 

For more information on resilience 
solutions in South Africa, see  
Factsheet: Resilience Solutions for 
the Wine Sector in South Africa. 
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7. Financing Climate Resilience in 
PMCR countries

Colombia

Nicaragua

Kenya

Philippines

Vietnam

South Africa
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Financing Climate Resilience  
in PMCR countries

The global financial sector has a crucial role to play in support-
ing the emergence of climate resilience in private markets. All 
products and services analysed in the PMCR project have some 
form of contact with the finance sector, whether through tradi-
tional banking services (e.g. bank deposits, credit and debit cards, 
transfers of funds, etc.), insurance or equity investments.  

Generally, the finance sector, which is itself exposed to climate 
change, can support private sector climate resilience by:

• Supporting allocations of funds that recognise the requirements for a climate-resilient economy. 
This may involve reallocation of funds away from maladaptive practices to new products and ser-
vices;

• Boosting the rate of investment in assets and services that deliver resilience; and 

• Paying closer attention to the systemic nature of resilience, so as to ensure that jobs are created, 
social vulnerability is reduced, poverty is alleviated, and the use of the natural environment and 
natural resources are adequate and sustainable. These co-benefits are central to the feasibility of 
a climate resilient future, and their inclusion in finance sector considerations could enhance the 
viability of products and services for climate resilience. 

Existing financial instruments for climate resilience

While this study did not find bespoke products purporting to support climate resilience, a number of 
commercial banks and institutional investors are paying closer attention to climate risk and support 
for products that are labelled ‘climate smart’, ‘green economy’ or ‘developmental’. In part, this is 
due to global pressure on the financial sector to report on its environmental, social and governance 
performance.  

In some countries, public-private partnerships are being used in innovative ways to finance infra-
structure. However, in no country is there a deliberate effort or capacity to blend outcomes, so as to 
ensure that public and private financing could be blended in support of resilience. Blending outcomes 

 Ma. Eliniesa A. Lucas, the Philippines

“F armers find it hard to avail of crop insurance 
for vegetables because they can only claim 

small amounts; many avail of insurance for rice 
(especially if they are subsidised). Insurance pay-out 
takes 3-4 months of processing. During a dialogue 
where municipal agricultural officers, traders and 
farmers were made to play a dice game that put them 
through decision making situations on purchasing 
insurance or investing in development, most of them 
said, “It is better to buy insurance rather than expe-
rience being wiped out by climate-related disasters”.”
Municipal Agriculture Office, Bongabon, 
Nueva Ecija, the Philippines.
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Environmental  
variability

Social, cultural  
and geographical  

Isolation /Distance

Imperfect  
information

Context-specific 
challenges

Centralised 
approach

Hinders the 
management of 

the liquidity of the 
investor and the 

farmer

One event can 
become systemic

Poor infrastructure 
makes operations  
(i.e distribution, 

inputs access) more 
expensive

Uncertainty on  
payment delivery

Moral risk and 
adverse selection 

demotivate investors

Lack of mechanism to 
ensure delivery prices

In a sector that is  
used to homogenous 

products

Traditional 
approach to all 

clients

Even customer 
services is thought 

from the urban 
perspective

Barriers limiting the development of financial products:
       Very similar to those of the underbanked
       Products available are not really reflecting these realities

would involve collaborative efforts to document and align incentives and risks and contribute fi-
nances proportionately. This capacity to blend outcomes is critical to the development of private 
markets for climate resilience. While multilateral organisations and developing agencies are funding 
knowledge services closely related to capacity building and training, it is still the private sector that 
delivers these services.

In the PMCR resilience dialogues, small farmers stated that traditional loans are too expensive or 
require guarantees they cannot provide, and loans by micro-financiers do not provide the required 
funds to transition to climate resilient operations. Larger producers frequently self-finance these 
activities, but this can limit the pressure for change and innovation that could be provided by a 
financial institution. Companies designing, building and maintaining roads and ports appear to 
have very low levels of innovation, with financiers preferring solutions that are perceived as low risk 
and familiar, even when these were designed for historical climates. Inserting resilience into these 
modalities has proven difficult in all PMCR countries.  

As the insurance industry has particular exposure to climate 
variability, it has an incentive to insert conditions that would 
reduce climate risk into its products. In terms of financing climate 
resilience, insurance contracts of various types are often seen 
as part of the climate resilience toolkit for hedging against cli-
mate-related losses. However, it should be noted that insurance is 
about financially transferring climate risks and not about building 
climate resilience or promoting it. The insurance industry does  
not yet actively incentivise adaptation or resilience building in infrastructure or agriculture, but a 
movement in this direction would greatly facilitate the private market for climate resilience. In any 
case, except for subsidised crop insurance schemes that are often inaccessible to smaller farmers, 
or small parametric insurance programs that are still in the pilot stage, most small holders in this 
study lack any formal financial mechanism for transferring climate risks.

While the climate awareness of financial institutions, including banks and insurance companies, is 
growing, a number of limitations for launching new products were identified. These included envi-
ronmental variability and extreme events in rural areas, social-cultural and geographical isolation, 
imperfect information, context- and sector-specific challenges and centralised approaches. 
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Emerging instruments for resilience

Given the need to foster private sector involvement and to stimulate the growth of enterprises pro-
viding resilience solutions, there is scope for national adaptation and private sector development pro-
grams to provide technical assistance and financing for the large-scale uptake of resilience solutions. 

National and regional climate resilience finance facilities could add value by linking existing in-
struments, such as microfinance and credit lines, with new financing modalities that encourage 
climate resilience. Such facilities could complement financial instruments with innovation grants, or 
catalyst funding, in the form of credit and guarantee schemes, and possibly equity, and quasi-equity/
mezzanine financing. 

Other financing structures that can foster climate resilience include emerging environmental impact 
bonds. These structures, modelled on social impact bonds, involve partnering investors in climate 
resilient initiatives with governments to finance services targeting rigorously defined outcomes. 
Where these efforts achieve their goals, investors receive back the full value of their investment, 
plus a return. This model is ideal for funding resilience building while generating economic benefits 
for low-income populations in emerging and developing markets. The structure of environmental 
impact bonds is built on the active participation of enterprises producing resilience solutions as part 
of any operation, thereby building capacity and awareness of the business opportunities associated 
with resilience. 

Other areas where business and investment opportunities in resilience can be promoted include: 

• Value-chain financing through the provision of credit, guarantees and insurance along the agricul-
tural value chain with the objective to incentivise resilience building;

• Franchising finance for MSMEs that sell climate-resilient products or services; 

• Developing climate analytics and information technologies for monitoring, accounting and financ-
ing resilience; 

• Piloting business and financial models related to resilient infrastructure and public-private part-
nerships;

• Targeted support for investment products such as green bonds, resilience bonds and catastrophe bonds;

• Developing financial instruments and monitoring tools to ensure that maladaptive interventions 
and operations are not financed. 

Efforts to help financial institutions identify and reduce climate risk in portfolios is an area of high 
interest that is undergoing rapid development. Financial institutions in most emerging markets have 
been slow to respond to or recognise climate risk as a material threat to their portfolios. This is begin-
ning to change. The work of groups such as the Task Force on Climate-related Financial Disclosures 
on the material nature of climate risks, comprised of many of the largest global financial institutions, 
is gaining the attention of financial institutions around the world. This will drive demand for a range 
of financial analysts and other specialists with training in climate adaptation and resilience.  

“Each stakeholder faces a decision 
point in which adaptation and 

resilience solutions could have a make 
or break difference. Such a decision 
is based on the perceived risk, the 
availability of resilience solutions, the 
stakeholdeŕ s capacity to afford them, 
and, on the financial outcome of applying 
a particular solution. The combination of 
these criteria will result in a stakeholder 
incorporating a solution or set of solu-
tions or doing nothing.” Cesar Cortez, 
Agricultural Engineer, Colombia.

Coffree producers, Nicaragua, Claudia Munera
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8. PMCR Findings in Focus
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PMCR Findings in Focus

The Private Markets for Climate Resilience (PMCR) study took a frontlines look at how the private 
sector in six developing countries is addressing climate risk in agriculture and transportation. Along 
with identifying a vast range of promising resilient business examples and solutions, the study also 
came up with findings and recommendations on how private stakeholders could become more active, 
as well as gain a better understanding of the business case for doing so. 

Going green versus addressing risk
While there is some awareness of climate-change impacts, the PMCR resilience dialogues conducted 
at the outset showed a tendency among private sector participants to see climate change largely 
through the lens of environmental and social responsibility, rather than as an inherent risk to their 
business continuity. The dialogues with representatives of enterprises would often start as a feel-
good conversation about ‘going greener’. It was only after the finance and operations people were 
brought into the room that the conversation could open up to discussing climate impacts on their 
respective future business operations.    

Private sector activity hidden in plain sight
Stakeholders in the agriculture and transport sectors, both local and global, 
are very aware of the impacts of weather events on their value chains. It is also 
known that these events affect regional climates differently across the world 
– some regions experience floods, while others can be hit by droughts. As a 
result, much of the current resilience activity among agriculture or transport 
sector actors is not classified as such, but considered business as usual. So, 
although the study found that activity is going on, it is not necessarily talked 
about as climate resilience or adaptation. Similarly, as discussed earlier, resil-
ience efforts along these value chains, initiated by individual companies, are 
often not visible to banks, insurers and governments.  

Something to consider:  
Climate variability is not a new risk 
for business and society. But climate 

change is changing and shaping 
existing types of risk with increasing 

complexity and severity. 

Ma. Eliniesa A. Lucas, the Philippines
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Enterprises leading resilience action
Looking through the lens of the countries and sectors under study, climate resilience actions are 
being led by enterprises of all sizes (micro, small, medium and large) and can be classified loosely 
into three main types: defensive, innovative and transformative – with many that can be considered 
cross-cutting.

Defensive
The main driver of defensive solutions is to protect operations and business assets. For example, 
greater availability of targeted climate analytics and other measures that yield accurate climatic 
projections are key tools in business operations. Improved agro-climatic projections provide farmers 
with critical information for the selection and sequencing of their crops. Improved seed varieties, 
more efficient water irrigation, storage solutions, and conservation agriculture could also broadly be 
considered as defensive solutions already being applied to the agriculture sector, allowing crops and 
harvested products to resist episodic and chronic climate-related events. 

Innovative materials in road construction and refitting infrastructure can also be considered  
defensive solutions. The former in that it allows for rapid construction regardless of weather con-
ditions and the latter as it directly addresses coastal flooding. Recycled tyre rubber (RTR) asphalt 
is another defensive solution against weather extremes, but also has several mitigation-adaptation 
benefits, in addition to reducing maintenance costs and environmental impacts.

Innovative 
Fast-moving technologies like soil sensors, surveillance drones, digital software and satellite imaging 
that bring information to promote resilience through resource efficiency can be classed as innovative 
solutions. In Colombia, the Rice Producers National Association is integrating agro-climatic projec-
tions with soil, water and crop data to inform key production decisions. Through precision farming, 
commercial agriculture in South Africa is using innovative tools to identify disease, water deficits 
and irrigation scheduling. Climate-smart seeds in the Philippines, Vietnam and Kenya are good 
examples of innovative technology and science, bringing efficiencies to both crop cultivation and 
crop management, as well as promoting higher yields. Good practices, certification and traceability 
initiatives in the Colombia coffee and Nicaragua cocoa sectors also fall under the category of innova-
tive resilience. Lastly, alley cropping is an innovative practice, which brings long-term benefits to soil 
quality, micro-climate and pest management, while boosting cash-flow and revenue diversification.

Fedearroz, Colombia
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Transformative
Transformative solutions can be defined as market actions that change the nature of a company or 
sector, disrupting business as usual, or bringing new applications for existing tools or approaches. 
In some sectors and geographies, disruption may require radical new strategies, while in others it 
may be as simple as taking an existing proven resilience solution and ramping it up to maximum 
capacity, with maximum system-wide involvement. Conservation agriculture in South Africa, for 
example, integrates machinery and production methods, changing the interaction between farmers 
and ecosystems. Community irrigation systems in the Philippines can potentially transform the role 
of the farmer to becoming the owner of the system, rather than just a user. Silo bags in the maize 
sector in South Africa, although defensive in that they protect harvested products against humidity, 
also empower farmers to decide when to take their products to market.

Key cross-cutting themes also emerged
Power of precision
Whether it is the maize and wine sectors in South Africa, the coffee and rice sectors in Colombia, or 
the rice sector in the Philippines, as climate conditions worsen in the form of extreme temperatures, 
intense precipitation or prolonged droughts, growers are increasingly finding value-add in a more 
precise and geographically contextualised farming approach and implementing good practices. This 
might be in adapting planting and harvesting schedules, actively managing soil health, diversifying 
products or using surveillance to determine how much water or fertiliser should be used to optimise 
resources. In agriculture, resilience innovation services are predominantly coming from small- and 
micro-businesses, even from individual farms, whereas products and equipment are more likely to 
be provided by larger organisations.

Access to knowledge
Linked to precision, is the power of information, where access to knowledge services is also becom-
ing more and more valued. Climate projections, weather monitoring and forecasting, combined with 
early-warning systems, crop simulations, agro-climatic models designed to drive quality yield, water 
efficiency and crop management techniques are all among the many promising resilience solutions 
studied.

Information drives incentives 
Data collection and dissemination from individual growers can also inform agricultural practices 
as well as potentially drive credit access and build resilience 
incentives. In South Africa, potential was seen for financial insti-
tutions, such as credit and insurance providers, to take advantage 
of the data generated by precision farming solutions to develop 
incentives for resilience in the form of reduced premiums or other 
rewards. For example, insurers could sponsor the purchase of 
surveillance drones or data analysis software in exchange for data 
that would not only allow farmers to better manage their resourc-
es, but also give the insurer greater insight into the business via-
bility of their clients. The PMCR study found that any move by the insurance industry to go beyond 
a defensive case-by-case approach towards actively incentivising climate resilience in agriculture 
and transport would be considered a major step forward in getting the private sector more engaged.  

On-farm storage facilities ripe for scale
In the Kenyan potato sector, planting and harvesting happen at almost the same time right across 
the country, resulting in excesses and shortages at predictable times each year. Storage facilities are 
not sufficient to accommodate the amount of potatoes during gluts and are expensive to develop indi-
vidually. Ramping up the potato storage market in Kenya would reduce post-harvest losses, cushion 
against shortages, and be crucial in stabilising prices. Providing adequate seed storage for farmers 
in Kenya would also facilitate better production planning, enabling timely planting, and reducing 
exposure to climate risk.

Similarly, for most maize farmers in South Africa, investments into storage infrastructure are  
prohibitively expensive, and developing a market for low-cost on-farm maize storage options such as 
silo bags and bunkers are offering maize farmers less exposure to price volatility and more flexibility 
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to sell their products opportunistically at a time when prices are high. Also, as production areas 
gradually shift in response to a changing climate, on-farm storage can help farmers address the 
growing dislocation among maize production regions and storage and processing facilities, as well 
as market destinations. 

Storage facilities for all crops and in all PMCR countries can climate-proof harvested products al-
lowing farmers and farmer cooperatives and associations to protect their harvest, and also to decide 
when to take it to market.

Potential gains from sector interdependencies
In agriculture and transport, a climate resilient road and port sector are tantamount to delivering 
quality agricultural products securely to market in a timely way. In all PMCR countries, the study 
found agreement with the basic premise that resilient transport infrastructure development is key 
for the long-term sustainability of the agricultural sector. 

In South Africa, most road construction had previously assumed no climate change, with designs 
based on weather data from the mid-20th century. New informed design parameters and climate 
resilient materials are now being seen as the way forward for increasing disaster preparedness, 
strengthening resilience as well as contributing to road-user safety. Climate-resilient design and 
construction is also associated with lower repair and maintenance costs as well as lower insurance 
claims and costs.

In Colombian road building, recycled tyre rubber (RTR) asphalt is a resilience solution with benefits 
that have been reported in developed countries since the 1960s. Compared with traditional asphalt, 
RTR asphalt is more resistant to extreme temperatures, less degradable by water, and less suscepti-
ble to solar radiation absorption. On top of that, from an environmental impact standpoint, recycled 
tyres also maximise existing resources by repurposing waste; and from a mitigation standpoint, 
co-benefits are achieved by replacing practices responsible for large emissions (i.e. the burning of 
tyres). Mindful of this, local and national authorities in Colombia currently award higher scores in 
tendering processes to bidding companies committed to using environmentally-friendly materials to 
build and repair the nation’s roads.   

M.A. Velas-Suarin, the Philippines
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Actor and context specific findings
Customer profiles vary by geography, financial status, purchasing power as well as access to infor-
mation, among others. Currently, international assistance and government subsidies are used to 
bridge the affordability gap. To date, however, this support only reaches a relatively small portion of 
potential stakeholders. In the transport sector, barriers are linked more to transport infrastructure 
budgets and policies set by governments or standards imposed by the public sector, and less related 
to the sector ś financial capability.

Suppliers of resilience products and services face constraints specific to both climate resilience and 
in-country business environments. Formal incentives are limited for companies to expand their 
portfolio or offer solutions specifically designed to increase climate resilience. There is a large un-
tapped opportunity for suppliers of resilience solutions to widen their customer base to include those 
at the ‘base of the pyramid’, to whom these services are unavailable but where demand exists. New 
business models will be required to take advantage of this potentially large opportunity.

There are common challenges hindering the development of a mature market for these products 
and limiting the ability of the private sector to more actively engage in climate adaptation. Access to 
finance is one of the main challenges faced by buyers and providers of climate resilience solutions. In 
this context, a strong need was identified to engage local multi-stakeholder groups, including public, 
private and civil society, to build stronger cooperation and transparent dialogues around resilience 
building.

Right incentives for the private sector 
When policies are weak, the private sector tends to take a short-sighted view on climate-proofing 
infrastructure, treating it as an ’added cost’. But when policies are strong, the private sector must for 
the sake of future business continuity be ready to rally.

Clearly more work needs to be done at public policy levels to frame resilience in the context of ‘What’s 
in it for business?’ Business with its short-term earnings imperative is unlikely to embrace resilience 
for its own sake, but could be compelled to go the extra mile, if in pursuit of government subsidies 
or tax rebates. 

The financial sector also has a key role to play in providing investment dollars, affordable insurance, 
credit and other blended financing products. However, barriers to investment still exist, not least 
uncertainty and long-term horizons for credible returns.

“In the Philippines, transport infrastructure is 
government controlled but serviced by private 

sector, which is not required to factor resilience 
into bids because it is not required nor incentivised 
by the government and therefore is considered an 
added cost.” Perpi Tiongson OML Center, the 
Philippines.

Ysalina Bridge, Cagayan de Oro. M.E.A. Lucas, the Philippines
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9. Climate Resilience and the Road Ahead
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“C limate change is rapidly challenging our assumptions of the world and our 
expectations for the future. It is forcing us to find new solutions and rediscover 

old ones. It has become the transversal theme of our time to drive cross-sector dialogue 
and boost collaboration and learning in completely new ways.” Claudia Munera, 
PMCR Nicaragua.

Climate Resilience and the Road Ahead
Climate risk is driving a large and growing demand for private climate resilience solutions. A lot is 
being done. But it is unclear how much, or whether it will be enough to avoid significant economic 
loss. More importantly, will it be enough to create the right conditions to drive market transforma-
tion? And aside from climate change, what other market drivers are there to consider?

Clearly, private solutions can protect many types of assets, property and businesses from climate 
risks, and in turn strengthen the global response to climate change, while also generating economic 
opportunity and social benefits. Although the solutions selected for detailed presentation in this 
study were those with the most potential for each specific context, they are only a fraction of the 
hundreds of other solutions identified and therefore just the ‘tip of the iceberg’.

PMCR resilience dialogues show that demand and supply exist. Agricultural producers do want 
affordable products and services that will solve their short-term problems while helping them build 
longer-term climate resilience. They also want climate resilient supply chains, access to sustainable 
markets and financial mechanisms that will lead to sector transformation. Similarly, in the transport 
sector, stakeholders have significant expectations for more resilient infrastructure. All this is easier 
said than done, especially as most of the related challenges are not directly linked to climate change, 
but rather the prevailing operational and regulatory environments.  

Private adaptation action in all PMCR countries
Climate change mitigation versus adaptation spending
International policy and funding on climate mitigation currently far outweigh that of climate adap-
tation or resilience. However, in developing countries domestic spending on disaster risk reduction 
outweighs that of greenhouse gas emission (GHG) reduction and international funding, with invest-
ments mostly occurring post-disaster and during reconstruction. Given the exposure these countries 
have to extreme events, this perceived funding imbalance should not be ignored. 

It has, in part, grown from the view that cutting GHG emissions is an urgent global mandate, where-
as climate adaptation, while necessary, is a longer-term proposition. However, while mitigation is 
critical for the stabilisation of our global climate, the best science indicates that in the counterfactual 
case of zero emissions today, the planet would still be locked into a warming climate and its related 
consequences for at least 50 years. 

Under this scenario, a re-framing of the climate transition might be in order, purporting that climate 
mitigation involves the longer term, while climate resilience brings significant economic and social 
returns in the short to medium term, especially for vulnerable populations.

Tracking adaptation finance and uptake of solutions in Colombia
The Colombian government, since 2017, has been tracking private and public investment in adapta-
tion through the SISCLIMA platform. Although there are challenges around which criteria should 
be used to classify adaptation investments, there is a conscientious effort being made to understand 
the role of the private sector and to better understand the value of investing in adaptation. Also, in 
the context of the uptake of resilience solutions, the AMTEC program, developed by the National 
Rice Producers Association, is currently being considered and tested in the cotton and maize sectors.  
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Systemic response to drought in South Africa 
If there is hope for climate resilience markets in South Africa, it is because the worst drought in more 
than 100 years disrupted the current system, necessitating a more systemic response and reinforcing 
the power of partnership: academics have intensified their interaction with farmers, government of-
ficials and media outlets are providing more considered climate communications, and more systemic 
responses like conservation farming practices are being implemented. 

Similarly, insurance companies, unable to underwrite all their risk in this changing environment, 
have sought new ways of working with both the government and farmers. Consultancies have also 
emerged advising farmers not only on how much fertiliser to apply to maximise yields but on how 
whole farming enterprises might better align to the surrounding environment on which they depend.

Anton Cartwright of PMCR South Africa recalls that only those farmers who had adopted the con-
servation agriculture approach prior to the historic drought were able to survive. “As an approach,” 
says Cartwright, “conservation agriculture can be seen as a defensive action, but it’s potentially 
transformational if taken to scale.”

Powering up public-private partnership in the Philippines
Public and private stakeholders in the Philippines, brought together by the Oscar M. Lopez Centre, 
are exploring opportunities, pathways and business models to promote private-sector participation 
and contribution in building the climate resilience of the rice sector through irrigation initiatives.

Business stepping up in Nicaragua
After a period of suffering shortages of quality cocoa due to climate variability, Ingemann, a 
Nicaragua-based exporter of high-quality cocoa and honey, decided to invest in agro-climate infor-
mation to empower their small-scale farmer suppliers. Ingemann subsequently developed a tool that 
correlates environmental conditions, including climate data and soil conditions, with productivity, 
yield and crop simulation, among others. This tool can be applied to other agricultural products, 
beyond cocoa and honey.

Finding the way forward
Global climate change is now shifting the probabilities and magnitudes associated with episodic 
and chronic weather in ways that make looking backward no longer as reliable a guide for planning 
forward. Environmental conditions not directly related to weather, such as saline intrusion, sea-level 
rise and ocean chemistry are also changing. While climate models, data and analytics are not crystal 
balls, they are continually advancing and can inform iterative decision-making through the ‘fog of 
climate uncertainty’ to the extent that it is possible to foresee increased demand for a wide range of 
current resilience solutions in some areas as well as the need for entirely new solutions in others. 
Today’s prevailing conditions can indeed be characterised as a ‘climate of opportunity’.

“T he intuitive appeal of resilience 
thinking lies in the ability to 

look beyond a single goal such as profit 
maximisation, and to address entire 
systems.” Anton Cartwright, PMCR 
South Africa

Claudia Munera, South Africa
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Something to consider:  
Most private climate innovation occurs 

in the market, the size of which is 
unknown, but may be larger than the 
total sum of global public adaptation 
and resilience programs and finance.

New industries in the advisory space emerging 
As stated earlier, while climate change is global, its risks and impacts are local 
and specific to sector, geography and a host of socio-economic variables. This 
complexity presents scope for a wide range of existing, modified and new 
products, services and approaches.  

For example, as climate variability increases, farmers in the PMCR countries 
increasingly find value-add in the power of contextualised precision. Whether 
in studying the health of individual plants, adapting planting schedules or 
using surveillance intelligence to determine the exact temperature or amount 
of water or fertiliser to use in given conditions. Linked to this is the power 
of information, where data collection and dissemination can inform agricul-
tural practices and even drive credit access and build resilience incentives. 
Emerging to fill the growing demand gap in both these areas are various types 
of industries in the advisory space.

Who will succeed in these new convening roles?
Advisors on resilient farming techniques, as well as consultants gathering data related to market 
intelligence, weather surveillance and building capacity in the field, or new certification bodies and 
financing partners are some examples. And many have already been providing services at the local, 
national and regional level for some time. Sector-level associations are also well-positioned to play 
a key role in scaling good practices to achieve sector-level transformation – and many identified by 
the project have been active for decades. However, it is still not clear who will succeed in these new 
convening roles and how they will build sustainable business cases. Manufacturers and sellers in the 
various markets and geographies also have a vested interest in staying the course and supporting the 
supply chains they depend on. Partnerships among different stakeholders have significant potential 
in increasing the resilience of entire value chains.

Business favours the short-term
The PMCR project showed that a lack of clear visibility and understanding of the longer-term impacts 
of climate change tends to discourage decisive action. Business in particular tends to prioritise short-
term financial imperatives over longer-term resilience and adaptation measures.

In the transport sectors of all PMCR countries, with the exception of Nicaragua, infrastructure de-
velopment and management are government controlled and serviced to a large and varying extent 
by private sector companies. Only in Colombia, environmental impact assessments, which are com-
pulsory for environmental licencing, include disaster and climate risks assessments. In other PMCR 
countries, climate impacts only in the form of extreme events are being factored into decision-making 
processes and public bids. Consequently, there are no incentives to introduce much-needed measures 
into the planning and development of infrastructure projects.

Without clear criteria, factoring resilience could pose a challenge, as resilience can mean different 
things for different disciplines. Ultimately, business will need to demonstrate economic returns for 
greater climate resilience – both for defensive investments in their own operations and for making 
the opportunistic business case to customers.

Calculating the benefits of investments in resilience is still a challenge
While this market assessment did not focus on finding examples of formal cost-benefit calculations 
for resilience among private actors, it did identify the need for better clarity in this area. The ability 
to calculate the benefits of resilience will be vital for companies in making comprehensive risk as-
sessments. However, there are methodology challenges. It is not a straightforward process to reflect 
resilience costs and benefits, which can be spread across multiple actors, or over time, or manifest 
as non-monetary environmental benefits. More work is still needed to make the business case to fi-
nancial stakeholders as well as to users of resilience products and services. Success will be backed by 
the presence of skilled consultants to help educate markets by promoting and disseminating relevant 
research material.   
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Success will also come from system-wide collaboration
In dealing with the uncertainty of future climate change impacts, governments, local academics, 
businesses and communities are looking more and more to each other in collaborating on planning 
and investment decisions. While avoiding loss is the most obvious incentive for investing in resil-
ience, looking at these losses on their own does not factor in the potential total benefits to society. 

It is worth noting that adaptation actions also have the power to generate significant additional eco-
nomic, social, and environmental benefits, as well as mitigation co-benefits, which can accrue over 
time and are not directly dependent on future climatic conditions.

Resilience building should not be ‘one-off’
Building resilience will involve the continual incorporating of new data and market intelligence into 
feedback loops that will inform actions across the sectors. Innovation will drive advances in digital 
technologies, climate analytics, precision agriculture, and materials science. However, much of this 
innovation need not depend on ‘hi-tech’ solutions, but on advances in the way production processes 
incorporate climate resilience into planning.    

Public and private sector – markets need both
At the moment, public financing for climate resilience, where it exists, is setting priorities more at the 
macro level, focused on positive societal outcomes. Public policy is also largely focused on traditional 
disaster risk management and reduction, which normally does not factor in climate change. The 
private sector is generally reacting to various components of these. 

Although collectively, the PMCR efforts would appear to have the makings of private markets for 
climate resilience, on closer scrutiny while these piece-meal efforts are each impressive in their own 
right, they still only amount to the building of climate resilience in the specific markets analysed by 
the PMCR study. Understanding the broader long-term benefits of resilience and finding a common 
language will both be important in finding the way forward.

Markets, if left alone, are unlikely to achieve resilience 
To flourish, sustainable markets need more than just willing buyers and sellers, they also depend on 
relevant public services, including access to reliable information to promote behavioural change, as 
well as favourable policies, enabling market conditions, trust and oversight. These markets also need 
access to capital investment flows to scale up promising technologies and services. Which brings us 
to the investor community.

Cartagena de Indias, Colombia, Jose Luis Castiblanco
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Stakeholders need actionable knowledge 
Companies, entrepreneurs and investors need actionable knowledge on climate risks and resilience 
– as well as strategies for the business and investment opportunities these risks present. While there 
are already many participants in the private market for climate resilience, few would see themselves 
as part of such a market. As previously noted, businesses, large and small and across sectors, do 
not generally use climate terminology to describe their activities. In turn, most public actors do not 
recognise the contributions represented by private climate resilience solutions. 

The difference in the way public and private actors frame one of the greatest challenges of our time 
demands a serious examination of the status quo. This is all the more important given that public ac-
tion alone will not be sufficient to address the scale of the climate threat without private innovation, 
initiative and resources.

For investors, the climate threat is now
For the global investor community, climate change is no longer a theoretical future risk. Losses are 
piling up in the real economy, including recent record losses in the insurance and reinsurance indus-
tries. While climate variability and weather extremes are not a new investment risk, climate change 
is shaping existing types of risk with increasing complexity and severity.

The pivot is there is also an opportunity
In private markets, wherever there is a very large challenge there is potentially a very large oppor-
tunity. Investors are now in the midst of recognising the scale of this opportunity. In the climate 
adaptation space, the PMCR study alone identified manifold target market segments in areas like 
climate-resistant seeds, irrigation, drone technologies, weather surveillance and climate-resistant 
infrastructure, which have been able to capitalise on the business benefits of climate resilience. And 
these are active and ready for scale.

PMCR has also shown that companies taking proactive measures to increase their resilience or to 
create new products or services, even in the face of uncertainty, can maintain their viability and gain 
competitive advantage. Importantly, they can also create local capacity that can contribute to the 
public response to climate change.   

Right business models can be richly rewarded
Businesses able to truly succeed will need to share the characteristics of other successful businesses 
in that they will know how to use market intelligence strategically; be actively aware of frontlines 
technology and scientific developments; understand client demands and actively deliver quality 

Fedearroz, Colombia
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products and services at competitive prices. And, if the right enabling conditions prevail, pools of 
private equity market capital should flow towards them and their prospective investors should be 
richly rewarded.

MSMEs the biggest contributors
MSMEs are actually among the most innovative in climate resilience across the countries studied, 
innovating both in terms of building their own climate resilience, and opportunistically, by selling 
climate resilient services and products to a range of clients.  Among the most innovative enterprises in 
this space are specialised consultancies offering knowledge and technical services, such as new types 
of analytics or digital solutions in agriculture or sediment monitoring on ports.  

As discussed above, current financial frameworks and markets often deny many smaller companies 
the credit needed to grow. Most MSMEs in developing or emerging markets rely on internal funding 
more than their counterparts in developed markets. But because MSMEs are usually the largest em-
ployer in these economies, a lack of credit hits jobs and becomes a drag on overall economic growth 
and social development. This then also impedes innovation in important areas like resilience, which 
is why it makes sense to direct financing and technical assistance towards innovative MSMEs.

There are no simple resilience solutions
No single technology, product, information set, or risk management procedure will be able to solve 
the many challenges ahead. A growing private response in the form of climate-resilient products 
and services will be required to generate cost-effective packages of solutions. Current and growing 
demand for climate-resilient products and services is driving a growing market that remains largely 
misunderstood and for which no data on private resilience is being systematically collected. 

In the context of climate change, research and development along with incremental continual im-
provements to processes and products will help companies adapt to risks and opportunities, as well 
as develop new solutions to meet shifting and as yet unknown climate risks. The complexity of both 
climate risks and the private response holds huge potential to generate many kinds of business op-
portunities for enterprises of all sizes and types, while creating economic and social benefits across 
all geographies.

Moving to the transformative 
Clearly, radical strategies will be needed if we are to transform key economic systems to be more re-
silient, and productive in the face of a changing climate. As in climate mitigation, where the world is 
seeking a system-wide shift away from incremental reductions in oil, gas and coal outputs towards a 
completely new clean energy mix; in climate resilience, the PMCR study gave a glimpse of a similarly 
transformational perspective to be argued for. It would mean moving away from the current reactive, 
short-term actions of rebuilding and repairing after weather events, like adding just a little more 
irrigation to defend against drought, or raising sea walls just another half-metre to combat sea-level 
rise, and instead finding a longer-term, collaborative way forward that integrates transformative 
system-wide strategies quickly and at scale. 



80PMCR REPORT GLOBAL REPORT

List of Selected References



81PMCR REPORT GLOBAL REPORT

Selected list of references

ADB, 2013. Vietnam: Environment and Climate Change Assessment. 
ISBN 978-92-9254-131-6.

Adhikari, U., et al. 2015. Climate change and eastern Africa: a review 
of impact on major crops. Food and Energy Security, 4(2), 110–132

Alcantara, M. 2015. Coco coir industry road map. National Coco 
Coir Inter-Agency Technical Working Group http://industry.gov.ph/
wp-content/uploads/2015/11/National-Coco-Coir-Road-Map-by-
OIC-ARD-Marcelina-Alcantara-DTI-IV-A.pdf

Alessandro, S. D., et al. 2015. Kenya Agricultural Risk Assessment.  
Agriculture global practice technical assistance paper. Washington, 
D.C.: World Bank Group. 

ALMEC Corporation. 2014. Roadmap for transport infrastructure 
development for Metro Manila and its surrounding areas (region III 
& region IV-A). Philippines: Japan International Cooperation Agency 
and National Economic and Development Authority. 

Altieri, M. A. & Koohafkan, P. 2008. Enduring Farms: Climate 
Change, Smallholders and Traditional Farming Communities. 
Environmental and Development Series 6. Third World Network. 
Malaysia

Anh, D. T., et al, 2015. Domestic rice value chains in the Mekong 
River Delta: A Case Study of An Gang and Hau Giang Provinces. 
Journal of Science, 2(2), 56-70. 

ANI 2017. Al 2021 Capacidad portuaria de Colombia alcanzaría 
los 514 millones de toneladas. Bogotá, Colombia https://www.
ani.gov.co/al-2021-capacidad-portuaria-de-colombia-alcan-
zaria-los-514-millones-de-toneladas.

ANIF 2014. Concesiones de Infraestructura de Cuarta Generación 
(4G): Requerimientos de Inversión y Financiamiento Público-
Privado. Bogotá. Colombia

ANIF 2016. Encuesta de las Pymes en la Infraestructura. Informe 
de Resultados. Bogotá. Colombia.

Asian Development Bank. 2018. Climate Change Financial 
Dashboard. https://www.adb.org/climate-change-financing

Basilio, E., et al. 2010. Bridges across oceans initial impact 
assessment of the Philippines nautical highway system and lessons 
for southeast Asia. Philippines: Asian Development Bank. 

Basso, K., et al. 2012. Cocoa Certification Study on the costs, 
advantages and disadvantages of cocoa certification commissioned 
by The International Cocoa Organization (ICCO). https://www.
icco.org/about-us/international-cocoa-agreements/doc_down-
load/302-study-on-the-costs-advantages-and-disadvantages-of-co-
coa-certification-october-2012.html

Becker, A., et al. 2012. Climate change impacts on international 
seaports: knowledge, perceptions, and planning efforts among port 
administrators. Climatic Change 110: 5. 

Becker, A.H., et al. 2013. A note on climate change adaptation for 
seaports: a challenge for global ports, a challenge for global society. 
Climatic Change 120: 683. 

Becker, A., et al. 2016. A method to estimate climate critical 
construction materials applied to seaport protection. Global 
Environmental Change: 40, 125-136.

Becker, A., et al. 2017. Cost and Materials Required to Retrofit US 
Seaports in Response to Sea Level Rise: A Thought Exercise for 
Climate Response. J. Mar. Sci. Eng. 5(3), 44.

Benabderazik, H. & Inocencio, A.B. 2013. Public-Private Partnership 
(PPP) Options for Irrigation Investment in the Philippines. Final 
Report to World Bank (June), Manila, Philippines

Bendaña, E. et al. 2013. Uso actual y oferta de tecnologías sosteni-
bles en las cadenas de valor del cacao en Nicaragua para mejorar 
la seguridad alimentaria. Informe Nacional Nicaragua. RUTA, San 
José, Costa Rica. 66 p. 

Biolatina 2017. Objeto http://www.biolatina.com/objetivoy.html

Bordey, F.H., et al. B. 2013. Linking climate change, rice yield and 
migration: The Philippine experience. EEPSEA Research Report. 
Laguna, Philippines: Worldfish-EEPSEA.

Branca G. et al., 2018. Economic Analysis of Improved Smallholder 
Paddy and Maize Production in Northern Viet Nam and Implications 
for Climate-Smart Agriculture. In: Lipper L., et al. (eds) Climate 
Smart Agriculture. Natural Resource Management and Policy, vol 
52. Springer. 

Briones, R. 2013. Impact Assessment of the Agricultural Production 
Support Services of the Department of Agriculture (DA) on the 
Income of Poor Farmers/Fisherfolk: Review of the Evidence. 
Philippine Institute for Development Studies. Philippines.

Bunn, C. et al. 2017. Global climate change impacts on cocoa. 
International Symposium on Cocoa Research (ISCR), Lima, Peru, 
13-17 November 2017. International Center for Tropical Agriculture, 
Cali, Colombia.

Bunn, C., et al. 2015. A bitter cup: climate change profile of global 
production of Arabica and Robusta coffee. Climatic Change: 129: 89. 

Bunn, C; et al. 2019. Impacto del cambio climático en la producción 
de cacao para Centroamérica y El Caribe. Centro Internacional de 
Agricultura Tropical (CIAT), Cali, CO. 34 p.

Burch, D.L.G., 2013. Financialization in agri-food supply chains: pri-
vate equity and the transformation of the retail sector. Agriculture 
and Human Values, 30(2), pp. 247-258.



82PMCR REPORT GLOBAL REPORT

Cabral, M.C. 2017. Disaster risk reduction through resilient 
public infrastructure by DPWH. Department of Public Works and 
Highways. Building a Disaster Resilient Philippine. Manila Polo 
Club, Makati City 25-26 April 2017.

Canales, R., et al. 2008. Nicaragua: análisis del impacto de los 
servicios de infraestructura y las condiciones de vida en las zonas 
rurales. Informe final de Consultoria. Proyecto de Cooperacion 
CEPAL-BID-IFPRI.

Cartwright, A. & Johnston, P. 2017.  Market Supply and Demand 
Assessment: Maize. Technical report for Private Markets for Climate 
Resilience. Econologic. South Africa. 

Cartwright, A. & Johnston, P. 2017.  Market Supply and Demand 
Assessment: Wine. Technical report for Private Markets for Climate 
Resilience. Econologic. South Africa.
Cartwright, A. & Johnston, P. 2018.  Market Supply and Demand 
Assessment: Roads in South Africa. Technical report for Private 
Markets for Climate Resilience. Econologic. South Africa.

Cartwright, A. & Johnston, P. 2018.  Financial Services and 
Insurances: South Africa. Technical report for Private Markets for 
Climate Resilience. Econologic. South Africa. 

Cenicafé 2014. Recomendaciones para la reducción del riesgo en 
la caficultura de Colombia ante un evento climático de El Niño. 
Recomendaciones para la caficultura. Avances Tecnicos Cenicafé 
445. Gerencia Técnica. Programa de Investigación Científica Fondo 
Nacional del Café. Colombia.

Cenicafe 2016 Evento de La Niña en Colombia. Recomendaciones 
para la caficultura. Avances Tecnicos Cenicafé 467. Gerencia 
Técnica. Programa de Investigación Científica. Fondo Nacional del 
Café. Colombia.
Centeno, J. R. 2012. Climate change financing in the Philippines. 
National Economic and Development Authority. 24-26 June 2012. 
Bangkok, Thailand. 

CEPAL 2019.  Datos estadísticos del Informe de la actividad 
portuaria de América Latina y el Caribe 2018. https://www.cepal.
org/es/infografias/actividad-portuaria-2018-puertos-top-20-ameri-
ca-latina-caribe

CGIAR. No date. Big Data for climate-smart agriculture. https://
ccafs.cgiar.org/bigdata#.WBp7kneZNPN

Chen, K., et al. 2013. Rice value chain in China, India, Lao PDR 
and Vietnam: 2012 Survey results, Interpretations, and Policies 
Implications for Investment. Final Report submitted by IFPRI for 
ADB (TA-7648 REG project). Component 2 - Delivering agro-food 
value chain. 

Climate Change Commission. 2016. People’s Climate Budget 2016: 
An Overview Document of the Philippine Climate Budget. Manila, 
Philippines.

Coco Technologies Corporation. 2013. Erosion Control Technology. 
http://cocotechcorp.com/portcat/coco-nets/

Constantino, L., et al. 2011. Efecto del cambio y la variabilidad 
climática en la dinámica de infestación de la broca del café, 
Hypothenemus hampei en la zona central cafetera de Colombia. 
Libro de Memorias 38°Congreso Sociedad Colombiana de 
Entomología, Manizales julio 27 de 2011. Pp: 106-121 (Simposio 
variabilidad climática) ISBN: 978-958-99120-5-8

Cortez, C. et al. 2017. Coffee Sector Knowledge Base: climate 
resilience solutions supply and demand analysis. Technical report 
for Private Markets for Climate Resilience. Grupo Laera Bogota. 
Colombia. 

Cortez, C. et al. 2017. Rice Sector Knowledge Base: climate resilience 
solutions supply and demand analysis. Technical report for Private 
Markets for Climate Resilience. Grupo Laera. Bogota. Colombia.

CRISDEL. No date. 5 Types of asphalt pavement. http://www.crisdel.
com/blog/5-types-asphalt-pavement. 

Cullis, J., et al. 2017.  Economic Impacts of Climate Change on Roads 
Infrastructure and Coastal Areas of South Africa: The Benefits of 
Pro-active early Adaptation. South Africa. 

Damania, R., et al. 2018. The Road to Growth : Measuring the 
Tradeoffs between Economic Growth and Ecological Destruction. 
World Dev., 101, 351–376.

DANE, 2015. Censo Nacional Agropecuario 2014 – CAN. Bogota. 
Colombia. 

DANE. 2017. IV Censo Nacional del Arroz -Año  2016. Bogota. 
Colombia. 

Dao HT et al. 2014. Agricultural insurance market development: The 
role of Vietnam government. Int.  J. of Economics, Commerce and 
Management, Vol. II, 9. 

Dasgupta, S., et al., 2009. The impact of sea level rise on developing 
countries: a comparative analysis. Climatic change 93, no. 3–4: 
379–388. 

Datta, P., et al. 2019. Climate Change Implications for Rice 
Cultivation. Asian Journal of Agricultural and Horticultural 
Research, 4(2), 1-4. 

David, P.P., et al. 1993. An economic evaluation of alley cropping 
grapes with selected vegetable crops. Journal of Small Fruit & 
Viticulture, 1(4), pp.37-47.

Davis A.P., et al. 2012. The Impact of Climate Change on Indigenous 
Arabica Coffee (Coffea arabica): Predicting Future Trends and 
Identifying Priorities. PLOS ONE 7(11): e47981.  

De Klerk, M. et al., 2013. The State of Rural and Agricultural 
Finance in South Africa. FinMark Trust. South Africa.

Decena, F.L. 2016. Agricultural insurance in the Philippines.  
http://ap.fftc.agnet.org/ap_db.php?id=623&print=1 



83PMCR REPORT GLOBAL REPORT

Dela Cruz, J. n.d Philippine coconut coir supplier list.  
http://www.manilatrade.com/philippine-coconut-coir-suppliers/

Demont, M., & Rutsaert, P. 2017. Restructuring the Vietnamese Rice 
Sector: Towards Increasing Sustainability. Sustainability 9, no. 2: 
325. 

Department of Agriculture, Forestry and Fisheries 2017 Abstract of 
Agricultural Statistics 2017.  Republic of South Africa. 

Department of Finance. 2015. Philippines Leads the Way on 
Microinsurance. http://www.dof.gov.ph/index.php/philip-
pines-leads-the-way-on-microinsurance/ 

Department of Finance. 2017b. 64 major projects underway in ‘gold-
en age of infrastructure. Department of Infrastructure. Republic of 
the Philippines.  

DesInventar, 2018. Disasters Dataset www.Desinventar.org 

Department of Agriculture, Forestry and Fisheries 2012. Maize 
Market Value Chain Profile Directorate Marketing. Republic of 
South Africa.

DNP 2013 Compes 3744 – Política Portuaria para un país moderno 
Bogotá Colombia pp44

DNP 2016. Plan Maestro de Transporte Intermodal.” Bogotá 
Colombia 96pp

DNP 2018. Plan nacional de Desarrollo 2018-2022 Bogotá. 
Colombia

Du Plessis, J. 2003. Maize production, ARC, South Africa

Duy V.Q.  2012. Determinants of household access to formal credit 
in the rural areas of the Mekong Delta, Vietnam. MPRA Paper No. 
38202.

Dykes Paving. N.D. Why asphalt recycling benefits the economy. 
www.dykespaving.com/blog/ why-asphalt-recycling-bene-
fits-the-economy/. 

Eala, J. B. 2017. Green Banking Initiatives in the Philippines. 
Presented at the High Level Roundtable on Green Finance, Aug. 1, 
2017. Climate Change Commission. 

El futuro digital de los datos 2019 Tráfico Portuario Marítimo En 
Colombia 2016 a diciembre 2018. https://www.datos.gov.co/

Espinel J.M 2013. Aspectos generales del derecho marítimo, la 
navegación de seguros y el transporte marítimo de mercancías. 
Universidad Javeriana, Bogotá Colombia, 81pp

Estrada D & Sandoval C.A. 2014. Crédito al Sector Cafetero 
Resultados Finales Octubre, 2014. Seminario: Resultados de la 
Misión de Estudios para la Competitividad de la Caficultura en 
Colombia, Universidad del Rosario Bogotá. Octubre 22 de 2014.

Faruq, G., et al. 2014. Rice Ratoon Crop: A Sustainable Rice 
Production System for Tropical Hill Agriculture. Sustainability 6, 
5785-5800.

Fedearroz & Dane 2018. Consumo de Arroz en Colombia, Desde 
2000 hasta 2017(Kg.). Bogota. Colombia 

FEDEARROZ, 2014. Informe Evaluación Impacto de la Sequía en 
el Cultivo del Arroz en la Subregion de la Mojana. http://www.
fedearroz.com.co/new/doceconomia.php

Fernández, ME. 2013. Efectos del cambio climático en la producción 
y rendimiento de cultivos por sectores evaluación del riesgo 
agroclimático por sectores. Fondo Financiero de Proyectos de 
Desarrollo – FONADE e Instituto De Hidrología, Meteorología Y 
Estudios Ambientales – IDEAM. Bogota, Colombia

Fischer, R. et al 2014. Making Changes: A Learning Journey Santam 
Ltd., South Africa, and Experiences with Climate Information. 
UNEP Finance Initiative (UNEP FI) and Sustainable Business 
Institute (SBI) http://www.unepfi.org/fileadmin/documents/
MakingChanges.pdf

FNC 2014 La política cafetera 2010-2014. Economía Cafetera No. 30 p. 

FNC 2016 Se modifican las normas de exportación de Café de 
Colombia. Detras del Café de Colombia: Perspectiva desde el origen. 
FNC. Edicion N. 26. Mayo 2016.

FNC 2016. Plataforma de Comercio Sostenible Solidaridad. Reporte 
Feria Expoespeciales, Federación de Cafeteros. Octubre 2016.  
Colombia.

Fondo Nacional del Arroz. 2018. Plan Estratégico: 2011 – 2020 
Actualización 2018. Bogota. Colombia

Forero Montoya, B & Zapata Moreno, J. 2015 Diseño de vía del Km 
0,00 al Km 2.240 de  la vía localizada en el municipio de Cajamarca 
– Tolima período 01, año 2015. p.17.  Colombia.

Foro Mundial Productores de Café. 2017. Final Declaration By 
The Participating Delegates Of The First World Forum For Coffee 
Producing Countries 2017. https://www.worldcoffeeproducersforum.
com/wp-content/uploads/2017/07/PRESS-RELEASE-Mi12-6pm.pdf

Garcia, C. & Lacambra, C, 2017. Ports Sector Knowledge Base: 
climate resilience solutions supply and demand analysis. Technical 
report for Private Markets for Climate Resilience. Grupo Laera. 
Bogota. Colombia. 

GIZ, CIAT, LWR, CRS 2012. Predecir el impacto del cambio 
climático sobre las áreas de cultivo de cacao en Nicaragua 
Managua, Nicaragua. cambioclimatico.ineter.gob.ni/bibliografia/
Publicaciones%20%20nacionales%20Cambio%20Climatico/cc_ca-
cao_nica_final2012.pdf 

GIZ, Federal Ministry for Economic Cooperation and Development, 
Department of Trade and Industry. 2012. Green Financing in the 
Philippines. Makati City: Private Sector Promotion Program PSP 
SMEDSEP. 

GCAP & Grupo Laera. 2017. B°RPM Methodological Note, 2017. 
Oxford. UK.



84PMCR REPORT GLOBAL REPORT

Gornall J, Betts R, Burke E 2010 Implications of climate change for 
agricultural productivity in the early twenty-first century. Philos 
Trans R Soc Lond B Biol Sci. 365: 2973-2989. 

Government of Kenya. 2007. Kenya Vision 2030 - A Globally 
Competitive and Prosperous Kenya. (October), 1–180.

Government of the Philippines. 2014. Philippines second national 
communication to the United Nations Framework Convention on 
Climate Change. Manila: CCC.

GrainPro n.d. Solar Bubble Dryer – A green drying technology. 
http://grainpro.com/gpi/index.php?option=com_content&view=ar-
ticle&id=115&Itemid=1653 

GreenCape. 2017 Market Intelligence Report. South Africa. https://
www.greencape.co.za/assets/Uploads/GreenCape-Agri-MIR-2017-
electronic-FINAL-v1.pdf

Hanson, S., et al. 2011.  A global ranking of port cities with high 
exposure to climate extremes. Climatic Change 104: 89. 

Haverkort, A.J. & Verhagen, A. 2008.  Climate Change and Its 
Repercussions for the Potato Supply Chain. Potato Res. 51: 223. 

Hung N.K., et al., 2016. Increasing the resiliency of Vietnam’s rice 
supply chain: a simulation approach. 2016 International Workshop 
on Food Supply Chains (IWFSC 2016). Stellenbosch, South Africa. 
ICF. 2013. Critical Climate Change Concerns for the Road Sector in 
Colombia: Technical Support Document. Washington, DC. 

IDEAM, et al. 2017. Tercera Comunicación Nacional de 
Colombia a la Convención Marco de las Naciones Unidas sobre 
Cambio Climático (CMNUCC). IDEAM, PNUD, MADS, DNP, 
CANCILLERÍA, FMAM. Bogotá D.C., Colombia.

Ingemann 2017 Academia del Cacao http://ingemann.com.ni/
academiadecacao/

Ingemann no date. Cocoa Varieties http://ingemann.com.ni/
cocoa-varieties/

INIDE, MAGFOR . 2012. CENAGRO – IV Censo Nacional 
Agropecuario. Informe final. INIDE, MAGFOR. Managua, 
Nicaragua.

Instituto Nacional de Vías – INVÍAS. 2015 Inventario preliminar 
de Puentes y Pontones que realizó la Subdirección de Estudios e 
Innovación del INVIAS, con base en el SIG (Sistema de Información 
Geográfico de la Entidad). Bogota, Colombia.

International Container Terminal Services, Inc. 2018. ICTSI - Asia-
Pacific and the Subcontinent (Operations). https://www.ictsi.com/
operations/

International Container Terminal Services, Inc. 2014. Port infra-
structure, management, and development plans. http://web.pism.
org/wp-content/uploads/2014/04/ICTSI-MICT-Overview_SCM_
PISM_Dist_04-01-14-NXPowerLite.pdf 

International Finance Corporation 2014. Responsible Finance in 
Vietnam https://www.ifc.org/wps/wcm/connect/region__ext_con-
tent/ifc_external_corporate_site/east+asia+and+the+pacific/
resources/responsible+finance+in+vietnam

International Finance Corporation 2017. Philippines’ crop insurance 
helps farmers when typhoon strikes. http://www.ifc.org/wps/
wcm/connect/news_ext_content/ifc_external_corporate_site/
news+and+events/news/philippines+crop+insurance+helps+farm-
ers+when+typhoon+strikes

Invemar, MinAmbiente, MinTransporte, ANI, 2016. Plan de cambio 
climático para los puertos colombianos y hoja de ruta para 
facilitar la incorporación del cambio climático en la planificación y 
operación portuaria. Santa Marta, Colombia 79pp.

IRRI. Rice and climate change. http://irri.org/ 

Isaza, C. et al 2016 Sucesión de los Productores de Café en Colombia  
desde la Voz de los Jóvenes Rurales. Plataforma de Comercio 
Sostenible Solidaridad. p. 5. Septiembre 2016. Colombia

Janssens, S.R.M. et al. 2013. The value chain for seed and ware 
potatoes in Kenya: Opportunities for development. Research report.  
LEI Memorandum 13-080 57 p.

JLT Asia. 2017. JLT and Munich Re launch innovative parametric 
insurance product “One Storm” in the Philippines. https://www.
asia.jlt.com/media-centre/press-releases/2017/aug/jlt-and-mu-
nich-re-launch-innovative-parametric-insurance-product-one-storm 
32

Johnson-Bell L. 2017 Stylized business process models for the wine 
sector in South Africa. TWACCI, Oxford. UK

Jones, PJ, & Thornton, P.K. 2003. The potential impacts of climate 
change on maize production in Africa and Latin America in 2055. 
Global Environmental Change. Volume 13, Issue 1 - Pages 51-59

Kaare, K., & Koppel, O. 2012. Improving the road construction 
supply chain by developing a national level performance measure-
ment system: The case of Estonia. International Journal of Social, 
Behavioral, Educational, Economic, Business and Industrial 
Engineering, 6(2), 217-223. 
Karafyllidis, D. I. et al. 1996. The effect of water stress on the 
yielding capacity of potato crops and subsequent performance of 
seed tubers. Potato Res. 39:153–163

Kessler, K. et al. 2017 Improving Financial Inclusion in South 
Africa. Boston Consulting Group – South Africa. https://www.bcg.
com/en-gb/publications/2017/globalization-improving-financial-in-
clusion-south-africa.aspx

Kirina, K. & Harding, B. 2017.  Assessment of potential climate 
resilience business opportunities in Kenya. A case of Potato value 
chain. Technical report for Private Markets for Climate Resilience. 
SNV. Nairobi, Kenya.

Lacambra, J. et al. 2017. Financing Private Sectoŕ s Climate 
Resilience in Colombia. Technical report for Private Markets for 
Climate Resilience. Grupo Laera. Bogota. Colombia.



85PMCR REPORT GLOBAL REPORT

Laiprakobsup, T., & Chorkaew, S., 2018. Land Reform, Market 
Adjustment, and Rice Market Growth in Vietnam. Studies of 
Transition States and Societies, V.10, n.1, ISSN 1736-8758. 

Lansigan, F.P et al. 2000. Agronomic impacts of climate variability 
on rice production in the Philippines. Agriculture, Ecosystems & 
Environment. Volume 82, Issues 1–3. Pages 129-137,

Lemeilleur, S., et al. 2015. The productivist rationality behind a sus-
tainable certification process: evidence from the Rainforest Alliance 
in the Ivorian cocoa sector. International Journal of Sustainable 
Development, 18 (4): 310-328.

Liberal, A. 2017. Climate finance situation in the Philippines 2017. 
Small Enterprises Research and Development Foundation and the 
Association of Development Financial Institutions in Asia and the 
Pacific. http://climate.gov.ph/images/Green-Finance/02_Liberal_
Climate-Finance-Situation-in-the-Philippines.pdf 

Lin, BB., et al. 2015 Adaptation for Climate-sensitive Crops Using 
Agroforestry: Case Studies for Coffee and Rice. In Ong, CK., Black, 
C., Wilson, J. Tree-Crop Interactions, 2nd Edition: Agroforestry in a 
Changing Climate 344pg CABI.

Lipper L, et al (ed). 2017. Climate smart agriculture: building 
resilience to climate change. Natural Resource Management and 
Policy Series, Vol. 52. Dordrecht (Netherlands): Springer. 

Llanto, G. 2012. The impact of infrastructure to agricultural 
productivity. Philippine Institute for Development Studies. Makati 
City, Philippines.

Lopes, A. 2012. Climate Change and Its Incidence in Ports and 
Coastal Zones. III Hemispheric Conference on Environmental Port 
Management Montevideo, Uruguay, 22-24 May 2012, 39pp.

López López, OH. 2015. Efectos del cambio climático en el 
rendimiento del trigo, el maíz y el arroz en América Latina. Tesis 
Maestría Pontificia Universidad Javeriana Facultad de Ciencias 
Económicas y Administrativas. Bogota, Colombia

Lora E., et al. 2014. Las instituciones cafeteras – Propuestas de 
reforma. Seminario Resultados de la Misión de Estudios para la 
Competitividad de la Caficultura en Colombia. Universidad del 
Rosario Bogotá. Octubre 22 de 2014. Colombia.

Matthews, R.B., et al. 1997. Simulating the impact of climate change 
on rice production in Asia and evaluating options for adaptation. 
Agricultural Systems. Volume 54, Issue 3. Pages 399-425,

McKenzie, M. & Cartwright, A. 2015 Enhancing ecological 
infrastructure in the Greater uMngeni River catchment through 
collective private sector action. Draft Report May 2015  https://
www.sagreenfund.org.za/wordpress/wp-content/uploads/2015/07/
uMngeni-Private-Sector-Finance-Draft-Report-V1.9.pdf

Melissa N.B. et al 2013. Vulnerabilities and adaptation of ports to 
climate change. J. of Environmental Planning and Management, 
56:7, 1021-1045, DOI: 10.1080/09640568.2012.716363

Mendoza, M.F. 2014. Private sector engagement in climate change 
mitigation and adaptation: Implications in regional governance. 
http://ncpag.upd.edu.ph/wp-content/uploads/2015/04/Villamejor-
Mendoza-Mitigation-and-Adaptation.pdf 

Mikkel B. & Finn T. 2008. Formal and Informal Rural Credit in Four 
Provinces of Vietnam, The Journal of Development Studies, 44:4, 
485-503, DOI: 10.1080/00220380801980798 

Miller, J., et al. 2012. Philippines Transport Sector – Assessment, 
Strategy, and road map.  https://www.adb.org/sites/default/files/
institutional-document/33700/files/philippines-transport-assess-
ment.pdf 

Mintransporte 2014. Plan Vías-CC: vías compatibles con el clima 
Plan Nacional de Adaptación al Cambio Climático Bogota. Colombia

Msowoya, K., et al. 2016.  Climate Change Impacts on Maize 
Production in the Warm Heart of Africa. Water Resources 
Management  30: 5299. https://doi.org/10.1007/s11269-016-1487-3

Munera, C. et al. 2017. Private Markets for Climate Resilience: 
Nicaragua Cocoa Sector. Technical report for Private Markets for 
Climate Resilience. Grupo Laera. Bogota. Colombia.

Napalang, S. 2016. Breakthroughs and breakdowns of transpor-
tation system in the Philippines. Philippines: National Academy of 
Science and Technology. Manila. Philippines.

National Disaster Coordinating Council., 2017. Destructive typhoons 
1970-2003. from https://web.archive.org/web/20041028224429/
http://baseportal.com/cgi-bin/baseportal.pl?htx=/miso/typhoons

National Economic Development Authority. 2013. Towards 
a Resilient and Inclusive Financial Sector. In the Philippine 
Development Plan 2011-2016. Manila. Philippines.

National Treasury 2006 Provincial Budgets and Expenditure 
Review: 2002/03 – 2008/09. Republic of South Africa. http://www.
treasury.gov.za/publications/igfr/2006/prov/08.%20Chapter%20
7%20-%20Roads%20and%20Transport.pdf

National Treasury 2017 A financial sector that serves all South 
Africans. In 2017 Budget Review. Republic of South Africa. http://
www.treasury.gov.za/documents/national%20budget/2017/review/
Annexure%20F.pdf

Navarro, M. et al. 2013. Fomento de la cadena de valor de cacao 
en Nicaragua. Cooperación Alemana 2000 – 2012. Informe final. 
Cooperacion Alemana – GIZ. Managua, Nicaragua.

Nguyen N.B.Q. & Jason, T 2014. The Role of Microfinance for 
Developing Agricultural Economy and Designing a Sustainable 
Microfinance System in Vietnam. The Journal of Global Business 
Management 10: 2, 64.

Nguyen, B.H. 2014. The situation of agricultural insurance market 
development in Vietnam. Journal of Science and Technology of 
forestry No.4 



86PMCR REPORT GLOBAL REPORT

Nguyen, D.H. 2016. Microfinance for the Poor in Vietnam. 
Proceedings of the Annual Vietnam Academic Research Conference 
on Global Business, Economics, Finance & Social Sciences 
(AP16Vietnam Conference) ISBN: 978-1-943579-92-1 Hanoi-
Vietnam. 7-9 August, 2016. Paper ID: VL637 

Nghiep, C. 2018. Assessment of Financial Institutions in the Rice 
Sector in Vietnam. Technical report for Private Markets for Climate 
Resilience for Oscar M Lopez Center. Vietnam

Nghiep, C. & Truong, M. 2018. Private Markets for Climate 
Resilience Vietnam. Technical report for Private Markets for Climate 
Resilience for Oscar M Lopez Center. Vietnam

Nieburg, O 2014. New Chapter in sourcing: Ritter controls supply 
chain with own cocoa plantation in Nicaragua. Confectionary news.
com http://www.confectionerynews.com/Manufacturers/Ritter-
cocoa-planation-in-Nicaragua-Future-of-sourcing

OECD 2014 Climate change, water and agriculture: Towards 
resilient agricultural and water systems. [http://dx.doi.org. 
10.1787/9789264209138-en]. 

OECD 2017. Insurance Statistics: Insurance activity indicators 
2017. Insurance Spending. https://data.oecd.org/insurance/insur-
ance-spending.htm

Oliveros T., et al. 2013. Secado solar y secado mecánico del café. p. 
49-80. FNC: Cenicafé, 2013. Colombia.
Olx.ph. 2018. Prices of coco net products. https://www.olx.ph/item/
coco-net-or-geo-net-ID8sReS.html?h=322d1affbc

OML 2017. Climate change: Journeying from Risk to Solutions. 
Views from the Ground. Technical report for Private Markets for 
Climate Resilience. Oscar M Lopez Center. Manila. Philippines. 

OML 2017. Private Markets and the Task of Climate Resilience: 
Reflections on agriculture and transportation. Technical report 
for Private Markets for Climate Resilience. Oscar M Lopez Center. 
Manila. Philippines. 

OML 2017. Climate Finance: Ensuring appropriate and sustainable. 
Technical report for Private Markets for Climate Resilience. Oscar M 
Lopez Center. Manila. Philippines. 

Oosthuizen, HJ 2015 Modelling the financial vulnerability of 
farming systems to climate change in selected case study areas in 
South Africa. Ph D thesis, Univ of Stellenbosch

Orozco Aguilar, L. & Lopez Sampson, A. 2015. Cacao y Cambio 
climático: efectos potenciales sobre la productividad de la planta. 
Esquina técnica-Septiembre. CATIE. Costa Rica

Otto-Mentz, V. et al. no date. Insurance in a Changing Risk 
Landscape. Local lessons from the Southern Cape of South Africa. 
Santam Group, WWF, University of Cape Town, Council for Scientific 
and Industrial Research, United Nations Environment Programme 
Finance Initiative.http://www.unepfi.org/fileadmin/documents/
insurance_changing_risk_landscape.pdf

Paredes, Y. 2010. Logistica de puertos Superintendecia de Puertos y 
Transporte Bogotá Colombia 80pp.

Peace, J. & Maher, K. 2015. Weathering the next storm: A closer look 
at business resilience. https://www.c2es.org/publications/weather-
ing-next-storm-closer-look-business-resilience 

Peñaloza C.A. 2016. Logistica y comercio en Colombia. DNP.  Bogotá  
Colombia 37pp

Peras, R.J.J., et al. 2008. Climate variability and extremes in the 
Pantabangan-Carranglan Watershed, Philippines: Assessment of 
impacts and adaptation practices. Journal of Environmental Science 
and Management 11(2), 14–31. 

Philippine Statistics Authority. 2012. Fishermen, Farmers and 
Children remain the poorest basic sectors. https://psa.gov.ph/
content/fishermen-farmers-and-children-remain-poorest-basic-sec-
tors-0 

Philippine Statistics Authority. 2017. Updates on palay, 
rice, and corn prices. https://psa.gov.ph/sites/default/files/
CerPrSitMayWeek22017.pdf 

PhilRice n.d. PhilRice - Machines. http://www.philrice.gov.ph/
products/machines/ 

Portal Portuario 2019. Colombia: Inversión en puertos de uso públi-
co totaliza USD 2.558 millones en ocho años https://portalportuario.
cl/colombia-inversion-en-puertos-de-uso-publico-totaliza-usd-2-
558-millones-en-ocho-anos/

Velas-Suarin, M. et al 2017. Private Markets for Climate Resilience. 
2017. Technical report for Private Markets for Climate Resilience. 
OML. Manila. Philippines. 

Procolombia  2015  Infraestructura logística y transporte de carga 
en Colombia Exportaciones turismo inversión marca país 74 p.
Ramírez B., et al. 2013. Gestión del riesgo climático, vulnerabilidad y 
capacidad de adaptación del sistema de producción de café. p. 91-114. 
FNC: Cenicafé. Colombia.

Ramirez-Villegas, J., et al. 2012. A way forward on adaptation to 
climate change in Colombian agriculture: perspectives towards 2050 
Climatic Change 115: 611. 

Raymundo, R., et al. 2018. Climate change impact on global potato 
production. European Journal of Agronomy. Volume 100. Pages 
87-98,

Reardon, T.; et al. 2014. The quiet revolution in Asia’s rice value 
chains. Ann. N. Y. Acad. Sci: 1331, 106–118. 

Reyes, M.C.  et al. 2017. Roads Sector Knowledge Base: climate 
resilience solutions supply and demand analysis. Technical report 
for Pprivate Markets for Climate Resilience. Grupo Laera. Bogota. 
Colombia.



87PMCR REPORT GLOBAL REPORT

Rola, A. C., & Elazegui, D. D. 2008. Role of Institutions in Managing 
Agriculture-Related Climate Risks: Angat Reservoir Case Study, 
Bulacan, Philippines. Journal of Environmental Science and 
Management, 11(1), 26-39.

Sánchez R.J. 2016. Algunas reflexiones del futuro de los puertos., 3r 
Foro de puertos y contenedores ANDI. Colombia 32pp 

Schweikert, A. et al. 2014. Climate Change and Infrastructure 
Impacts: Comparing the Impact on Roads in ten Countries through 
2100. Procedia Engineering. Volume 78. Pages 306-316

Somers, S. 2017. Fire – SA’s wine industry is at risk. Cover. South 
Africa. https://www.cover.co.za/fire-sas-wine-industry-risk/

Stenek, V. 2011. Climate risk and business: ports - terminal 
maritimo Muelles el Bosque Cartagena, Colombia (English). Climate 
Risk Case Study. Washington, D.C.: World Bank Group. 

Stone, B. 2017. Recycled Asphalt Driveway: Pros & Cons. www.
braenstone.com/2017/05recycled-asphalt-driveway/. 

Superintendencia de Puertos y Transporte. 2015. Informe 
Consolidado Movimiento de Carga en los puertos marítimos de 
Colombia 2014, Bogota, Colombia.

Swann, S. & Miller, A. 2016. How new data tools can assess climate 
risks. ICF. Washington.  

Thomas, T., et al. 2015. Agricultural growth, and climate resilience 
in the Philippines, Subnational Impacts of Selected Investment 
Strategies and Policies. Policy Note 2. Washington DC: International 
Food Policy Research Institute (IFPRI).

Tran T.T. et al 2015. Determinant of Access to Rural Credit and Its 
Effect on Living Standard: Case Study about Poor Households in 
Northwest, Vietnam. International Journal of Financial Research 
Vol. 6, No. 2.

Truong, M. 2018. Rice Sector Knowledge Base Vietnam. Technical 
report for Private Markets for Climate Resilience. Oscar M Lopez 
Center. Manila. Philippines. 

Tung, H.T. & Hagan, Y. 2011. Risk management for Rice value chain 
to adapt with climate change in the Mekong river delta, Vietnam. 
Paper prepared for the 48th Japan Section of the Regional Science 
Association International (JSRSAI), Wakayama, Japan.

Turpie, J. et al. 2002. Economic impacts of climate change in South 
Africa: A preliminary analysis of unmitigated damage costs. 
Southern Waters Ecological Research & Consulting and Energy & 
Development Research Centre. South Africa
US Department of Transportation. The use of recycled tire rubber 
to modify asphalt binder and mixtures. https://www.fhwa.dot.gov/
pavement/pubs/hif14015.pdf.   

Vélez Vallejo, R. 2016. Proyecciones Sector Cafetero. FNC. Colombia 

Vuong Q.D. 2015. Access to Credit and Rice Production Efficiency of 
Rural Households in the Mekong Delta. Sociology and Anthropology 
3(9): 425-433.

Waibel H., et al. 2018. Farmers’ Perceptions of and Adaptations to 
Climate Change in Southeast Asia: The Case Study from Thailand 
and Vietnam. In: Lipper L., McCarthy N., Zilberman D., Asfaw 
S., Branco G. (eds) Climate Smart Agriculture. Natural Resource 
Management and Policy, vol 52. 

Walker, N.J. & Schulze, R.E. 2008. Climate change impacts on 
agro-ecosystem sustainability across three climate regions in the 
maize belt of South Africa. Agriculture, Ecosystems & Environment. 
Volume 124: 1–2: 114-124,

Walter, D. et al. 2013. “Alley Cropping.” In: Michael Gold, Mihaela 
Cernusca, & Michelle Hall, Eds. Training Manual for Applied 
Agroforestry Practices – 2013 Edition. University of Missouri 
Center for Agroforestry, Columbia, MO.

Wassmann, R. et al. 2009. Regional Vulnerability of Climate Change 
Impacts on Asian Rice Production and Scope for Adaptation 
Advances in Agronomy: 102: 91-133.

White, P. et al. 2010. Modeling climate change impacts of pavement 
production and construction. Resources, Conservation and 
Recycling: 54: 11, 776-782.

Wolf, S., A. et al. 1990. Effects of temperature and photoperiod on 
assimilate partitioning in potato plants. Ann. Bot. 66:513–520.

Yu, B., et al. 2010. Impacts of Climate Change on Agriculture 
and Policy Options for Adaptation. The Case of Vietnam. IFPRI 
Discussion Paper 01015. 



88PMCR REPORT GLOBAL REPORT


