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EXECUTIVE SUMMARY
Highlights

 ▪ Livestock production systems around the world are 
already changing in response to demographics, mar-
kets, and economic development, but these transitions 
rarely consider long-term climate risks. Without the 
proper information and resources, these transitions 
may not withstand intensifying direct and indirect cli-
mate impacts, such as changing disease dynamics, and 
could exclude or disadvantage the poorest and most 
vulnerable people. 

 ▪ In some locations, the severity of climate impacts will 
cause livestock production to cross viability thresh-
olds, unless livestock producers, with support from 
policymakers, funders, and development practitio-
ners, adopt transformative approaches to adaptation. 
Transformative adaptation in livestock production 
may include relocating livestock production systems, 
introducing new livestock species, or transitioning 
into or out of livestock for other agricultural or nonag-
ricultural livelihoods. 

 ▪ Substantially more knowledge and learning regard-
ing livestock production dynamics and related climate 
change impacts are needed to support transformative 
adaptation planning. Although there is a dearth of re-
search and evidence on the means to support transfor-
mative adaptation for livestock production, areas such 
as breeding, feed and fodder production, and livestock 
diversification have significant potential. 
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 ▪ In addition to incorporating transformative adapta-
tion options for livestock in National Adaptation 
Plans (NAPs), Nationally Determined Contributions 
(NDCs), and other national planning processes, trans-
formative adaptation should be explicitly considered 
in sectoral development plans and national budgets. 
Subsidy, public expenditure, and taxation mecha-
nisms in the livestock sector (affecting feed, vaccina-
tions, land, etc.) should be examined to ensure that 
they encourage transformations that promote food 
security, sustainable resource use, greenhouse gas 
(GHG) mitigation, and social equity.

 ▪ In addition to animal and feed breeding, govern-
ments, funders, and the private sector should focus 
on investments that improve livestock infrastruc-
ture, veterinary and disease prevention services, feed 
manufacturing and markets, and land rehabilitation 
mechanisms. Strategically combining these adapta-
tion interventions has the potential for transformative 
outcomes by fundamentally changing the livestock 
production system. 

Background
Livestock production includes the breeding, feeding, 
care, and marketing required to raise animals, produce 
animal products, and bring them to consumers. Beyond 
the production of livestock for consumption, livestock also 
can hold important cultural value and be used for other 
agricultural purposes such as plowing crop fields. In many 
marginal agricultural areas, livestock are key assets to 
households.  

Intensifying climate change has already affected livestock 
systems, and future impacts are only expected to increase. 
Heat stress, water shortages, and increased incidence 
of pathogens are some of the critical climate risks that 
livestock face, in addition to more frequent and intense 
floods, droughts, and other climate extremes. 

Key Findings
Due to the extreme climate sensitivity of livestock-
based livelihoods in marginal lands, difficult 
decisions regarding livelihood diversification 
must be made to ensure food security and encour-
age poverty reduction. Recognizing that in some 
circumstances, livestock production will remain the most 
climate-resilient livelihood, the severity of climate change 
in some areas may mean that farmers and herders have 
to move away from culturally significant species to more 
climate-resilient ones or, more drastically, out of livestock 
production. 

Significantly more data, research, and analysis 
are needed to accelerate and improve planning 
and implementation of transformations in the 
livestock sector that explicitly consider long-term 
climate risks. Although transformative adaptation is 
already occurring in some contexts, it may not be explic-
itly called transformative, making it difficult to pinpoint 
progress and identify obviously transformative examples. 
This is compounded by the general dearth of research into 
livestock adaptation. 

Governments, funders, and research institutions 
should assess long-term climate impacts and vul-
nerabilities while keeping transformative adapta-
tion solutions in mind. According to climate projec-
tions, crop models, livestock models, disease models, 
and other data, transformative adaptation will be needed 
in the livestock sector in some regions. The sooner that 
these actors evaluate their long-term climate impacts, the 
sooner they can plan for and implement transformative 
changes while promoting smooth transitions.

Transformative adaptation in livestock produc-
tion systems should simultaneously address 
resource sustainability and emissions reduction. 
Livestock are significant emitters of GHGs, and their 
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mismanagement can be a major cause of land degrada-
tion. Beyond improving technologies and methodologies, 
addressing emissions in the livestock sector may mean 
reducing herd sizes and transitioning to alternative feed 
resources. It also means improving management of graz-
ing lands and, in the commercial livestock sector, better 
management of manure and other by-products of livestock 
production; for example, through biogas digesters. 

In addition to incorporating transformative 
adaptation options for livestock in NAPs, NDCs, 
and other national planning processes, these 
options should be explicitly considered for sec-
toral development plans and national budgets. The 
livestock sector is critical for food security, livelihoods, 
economic growth, cultural traditions, and agro-ecosys-
tems. Livestock sector development plans should explicitly 
consider long-term climate impacts, land-use trade-offs, 
and GHG emissions and be linked to national budgeting 
mechanisms. 

Sustained private-sector investment and public-
private partnerships will be essential for transfor-
mation of the livestock sector. Governments can also 
ensure that market incentives, including subsidies, public 
expenditures, and taxation mechanisms in the livestock 
sector, support private-sector investment at the scale 
required. 

Transformative approaches to adaptation in the 
livestock sector require careful considerations 
of social equity, given the deep cultural and tra-
ditional ties to livestock in many regions. This 
means strategically designing projects, programs, tools, 
and policies that address the needs and rights of women, 
indigenous people, the poor, and other marginalized 
groups, especially when introducing new livestock species 
or feed sources.

Funders should consider moving beyond pilots 
and one-off three- to five-year project cycles and 
instead think long term by sequencing adapta-
tion measures to form transformative pathways. 
Funders should also cluster finance and cluster-
ing finance around specific initiatives to deliver 
compounded project outcomes. This will help to 
overcome the challenges around the shifts in livestock pro-
duction due to breeding times, market barriers, cultural 
norms, and the unpredictability of extreme events such as 
drought. 

Livestock breeding in developing countries 
demands new technology and expanded infra-
structure. The current lack of secured genetic resources 
and livestock breeding programs will make it extremely 
difficult to adapt to the intensifying impacts of climate 
change in the long term. 

Transformations in fodder and feed production 
will be necessary to maintain the viability of some 
livestock production systems. Introduction of new 
technologies and methodologies such as novel fodder 
species, manufactured enriched feed and feed concentrate, 
and rehabilitation methods for degraded forage lands will 
be needed to provide the feed supply necessary for live-
stock production when faced with long-term climate risks.

The development and implementation of disease 
surveillance and prevention systems that consider 
long-term climate impacts will be critical for pro-
moting climate resilience. In many developing coun-
tries, extension and veterinary services, disease modeling, 
phytosanitary standards, and early warning systems for 
pathogen transmission are weak or nonexistent. To ensure 
that transformations are sustained, especially when intro-
ducing new species of livestock or feed, this infrastructure 
must be able to appropriately combat continually chang-
ing disease dynamics. 
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About This Working Paper
The Transforming Agriculture for Climate Resilience 
project, funded by the Bill & Melinda Gates Foundation, 
aims to increase finance for agricultural adaptation and 
strengthen understanding of, and action and support for, 
transformative approaches to agricultural adaptation. 
The project seeks to assist adaptation planners, funding 
entities, and policymakers in integrating transformative 
approaches into planning processes, projects, and funding 
(Carter et al. 2018). This paper was developed by applying 
the framework outlined in Transforming Agriculture for 
Climate Resilience: A Framework for Systemic Change 
(Carter et al. 2018) to the livestock sector, as well as an 
extensive review of the published academic literature, 
an analysis of terms related to livestock production in 
national adaptation documents, submissions to the 
Koronivia Joint Work on Agriculture (KJWA), and the 
development of a case study based on consultations with 
livestock adaptation practitioners in Ethiopia. A series 
of consultations with the working paper’s key audiences 
(adaptation funding entities, planners, policymakers, and 
practitioners) at international climate meetings and with 
government officials and technical experts in Ethiopia and 
India also contributed to the technical and conceptual 
content presented here. 

This paper specifically focuses on transformative 
approaches to climate-change adaptation in livestock 
production, including transformative pathways, or sets of 
discrete actions and strategies that can be sequenced to 
create a general trajectory toward transformation. Live-
stock production includes the animal, feed, and human 
components of the system while explicitly acknowledg-
ing the wide diversity of types of livestock systems (i.e., 
pastoral, agro-pastoral, high potential smallholder, and 
intensive/commercial). The paper synthesizes the state 
of adapting key components of livestock systems, key 
challenges for adaptation, planning questions, and activi-
ties for transformative adaptation in livestock systems. 
Further, we provide recommendations to governments, 
funders, and the private sector to help them develop adap-
tation pathways that lead toward transformation.

In its next stage, the project will synthesize the key find-
ings and recommendations, along with tackling overarch-
ing themes, such as monitoring and evaluation, after 
the publication of the three additional technical papers 
on crop research and development, irrigation and water 
management, and farmer information services. As with 
the framework paper, this paper deliberately focuses on 
top-down processes and does not cover ground-up efforts, 
even though many transformations within livestock pro-
duction result from the autonomous actions that farmers 
take. Given the critical role that farmers and other rural 
people play, however, it is essential that top-down pro-
cesses keep farmers’ perspectives, needs, and constraints 
at their center (Carter et al. 2018). 

INTRODUCTION  
Until recently, most academics, policymakers, funders, 
and practitioners have focused on incremental adapta-
tion as a means of responding to climate change (Smith 
et al. 2011; Kates et al. 2012; Mustelin and Handmer 
2012). Incremental adaptation serves to maintain exist-
ing systems, development pathways, and practices (Revi 
et al. 2014). Recognizing that incremental adaptation 
in isolation may be insufficient to deal with current and 
projected climate-change risks, transformative adaptation 
has emerged as a critical need (Kates et al. 2012; Noble et 
al. 2014; Marshall et al. 2016; Termeer et al. 2016; Juhola 
et al. 2016). 

In some areas, vulnerabilities and risks for the agri-
cultural sector may be so significant that they require 
transformative rather than incremental adaptations, 
as described in Transforming Agriculture for Climate 
Resilience: A Framework for Systemic Change (Carter 
et al. 2018). This is the case with livestock production. 
When climate impacts are—or are projected to be—so 
severe that they may undermine the continued viability of 
livestock production and the livelihoods of the communi-
ties who depend on it, transformative adaptation must be 
employed. 
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Adapting Carter et al.’s (2018) definition of transformative 
adaptation in agriculture, this paper defines transforma-
tive adaptation in agriculture as intentional alterations 
that are so extensive that they change fundamental aspects 
of agricultural production systems in response to or in 
anticipation of climate impacts. Such alterations are 
generally at broad scale and lead to one or more of the 
following:

 ▪ Significantly shifting the geographical locations where 
specific types of crops and livestock and the systems 
that support them are located; and/or

 ▪ Applying new methodologies and technologies that 
significantly change the types of agricultural products, 
or the way existing ones are produced, within a par-
ticular region or production system; and/or

 ▪ Fundamentally altering a region’s predominant type 
of agricultural landscape, for example from cropping 
to aquaculture, as the result of changes to multiple 
aspects of food production and/or supply chain.

The outcomes of these transformative changes are meant 
to promote long-term, sustainable, socially equitable 
climate resilience. This paper applies the concepts within 
this definition to livestock production.

The Food and Agriculture Organization (FAO) projects 
global demand for livestock products to increase by 70 
percent to feed a population estimated to reach 9.6 billion 
by 2050. Simultaneously, an estimated 1 billion poor 
people depend on livestock for food and income. Live-
stock production is particularly important in some of the 
agro-ecological zones most at risk from climate change. 
For example, an estimated 180 million people in develop-
ing countries depend on livestock grazing on drylands for 
their livelihoods (Thornton et al. 2008). 

Although there is a large knowledge base on climate-
change impacts in crop systems, minimal evidence has 
been compiled on the impacts on livestock systems. The 
evidence that does exist mostly concerns livestock diseases 
(MacMillan 2014). Despite a lack of projected productivity 
statistics, there is a general understanding that in many 
circumstances, climate change will have negative impacts 

on numerous components of livestock production systems, 
as outlined in Table A1 in Appendix A. Depending on 
the location and related climate variables, some of these 
impacts will not be intense enough to warrant action; 
some will warrant incremental adaptation; and some will 
require transformative adaptation. This depends on agro-
ecological thresholds when, if passed, threaten the viabil-
ity of the production system. For example, heat stress can 
increase vulnerability to disease, reduce milk production, 
and decrease the reproductive capacity of a certain animal 
to a point at which successful births are too low to main-
tain economically viable production. 

Despite the many positive social and economic outcomes 
that can be associated with the livestock sector, the sector 
also has negative environmental impacts. Direct emissions 
from livestock production account for approximately 5% 
of global annual greenhouse gas emissions (IPCC 2014). 
This estimate does not include the sector’s footprint from 
land use change, feed, and energy. Livestock incursions 
into biologically sensitive areas, both formally protected 
and not, may also become an increasingly important issue 
as climate impacts intensify (Otugu et al. 2016). Therefore, 
when adapting the livestock sector to climate-change 
impacts, there must be explicit attention given to sustain-
ability of natural resources and mitigation of GHGs.

The Intergovernmental Panel on Climate Change (IPCC) 
5th assessment report states, “Approaches to selecting 
adaptation options continue to emphasize incremental 
change to reduce impacts while achieving co-benefits, but 
there is increasing evidence that transformative changes 
may be necessary in order to prepare for climate impacts.” 
Further, the most recent IPCC report on achieving a 
1.5-degree world states, “Future climate-related risks 
would be reduced by the upscaling and acceleration of far-
reaching, multilevel and cross-sectoral climate mitigation 
and by both incremental and transformational adaptation 
(high confidence)” (IPCC 2018). The report also notes, 
“Livestock are projected to be adversely affected with 
rising temperatures, depending on the extent of changes 
in feed quality, spread of diseases, and water resource 
availability (high confidence)” (IPCC 2018).
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An analysis of available NAPs, NDCs, and KJWA sub-
missions revealed that a limited number of parties to 
the UNFCCC are considering transformative adapta-
tion for livestock production. Out of 196 parties who 
submitted NDCs, 20 (approximately 10 percent) 
described an adaptation option that could be con-
sidered transformative for livestock production, 
if performed within the right context and at scale. 
None of the non-country parties who made submissions 
for the KJWA had wording relevant to transformative 
adaptation in livestock production. This is not to say that 
all party members will need to include transformative 
adaptation in their adaptation planning. Inclusion should 
be based on their present and future climate contexts and 
relevant production systems. Appendix B provides the 
methodology and results of this analysis. 

To illustrate the concept of transformative adaptation and 
transformative pathways, the following section describes a 
relevant case study as it applies to the definition.

A CASE STUDY OF TRANSFORMATIVE 
ADAPTATION IN ACTION: FEED 
ENHANCEMENT FOR ETHIOPIAN 
DEVELOPMENT (FEED)
Utilizing correspondences with the Feed Enhancement 
for Ethiopian Development (FEED) project team and the 
review of a series of external and internal documents, 
the FEED initiative was analyzed through the lens of 
transformative adaptation as outlined in this paper. The 
FEED initiative was selected as an illustrative case study 
because it falls within this paper’s definition of transfor-
mative adaptation in livestock production, particularly 
how it reflects introducing new technologies and market-
ing systems for long-term, sustainable climate resilience. 
Additionally, the FEED project demonstrates strategically 
sequenced, long-term incremental interventions that have 
been aggregated for transformative change. The following 
description of the FEED initiative is meant to clearly illus-
trate an effective approach to transformative adaptation.

Livestock production in Ethiopia is a major economic sec-
tor and contributes to the livelihoods of 60 to 70 percent 
of the country’s population, with most being smallholder 
farmers. Livestock accounts for 12 to 16 percent of total 
GDP and 30 to 35 percent of agricultural GDP, not includ-

ing the value gained from the draft power upon which 90 
percent of Ethiopia’s crop production depends. 

Feed is an essential part of livestock production. Inad-
equate quantity, poor quality, and limited access to feed 
have impeded livestock sector development in Ethiopia 
and the ability of livestock owners to withstand the impact 
of an increasingly variable climate. Livestock production, 
especially in lowland systems, has suffered from chronic 
underdevelopment, partially due to competition for land 
and water resources that has been allocated to other 
government-supported programs (e.g., sugar cane planta-
tions and dam construction). 

FEED is a U.S. Department of Agriculture (USDA) Food 
for Progress-funded project designed to increase income 
of smallholder farmers by improving access to, and use of, 
consistent, affordable, high quality feed that can support 
greater livestock and poultry productivity and efficiency. 
USDA’s implementing partner ACDI/VOCA, a U.S.-based 
international nongovernmental organization (NGO), initi-
ated FEED project activities across the country in October 
2009 (FEED I), into a second phase starting in late 2013 
(FEED II). The FEED project has just recently moved on 
to a third phase (FEED III). While increased productiv-
ity is the project’s primary focus, greater resilience of 
livestock-dependent households is a requisite outcome for 
improvements to be sustainable over the long term. 

FEED project activities are broad based, addressing feed 
resources on and off farms as well as farmers’ ability to 
properly use them. A key component of this approach was 
the establishment of 24 commercial feed manufacturing 
enterprises. The enterprises were built on the existing 
cooperative union system because, while not originally 
designed to operate as commercial enterprises, they 
are often the most stable institutions in a community, 
are member-owned, and are managed to provide vari-
ous inputs and services to large numbers of smallholder 
farmers. Animal feed was a logical addition to the list 
of farmer inputs that the commercial enterprises could 
provide. Because the unions are geographically dispersed, 
the enterprises are better able to use locally available 
grains and agro-industrial by-products. At the same time, 
however, the enterprises maintain linkages with more 
distant sources that can be accessed when local supplies 
are inadequate to meet increases in demand, be that due 
to market expansion or when drought occurs. 
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To function as commercial businesses, unions were 
trained in feed processing, financial management, input 
procurement, finished product distribution, and sales and 
marketing. Training and related support were aligned with 
the Government of Ethiopia’s target of at least 30 percent 
participation by women. These enterprises support growth 
of livestock and poultry production in Ethiopia and 
constitute a new piece of the food production system in 
the communities they serve—a piece that provides added 
flexibility in responding to shocks to the system—that is, 
greater resilience and food security. 

The outcomes of the 2015–16 drought are a case in point. 
The drought was, by many accounts, the worst in 50 years. 
Much of its impact was focused on the northern region 
of Tigray. According to the Early Warning Response and 
Food Security Agency, 661,008 animals in Tigray were 
at risk, with 163,210 identified as needing immediate 
assistance. Government agencies and NGOs in the region 
turned to FEED project unions for assistance in mitigating 
the effects of the drought. Because of USDA’s investment 
through the FEED project, as well as the commercial 
nature of the business that sustains it, infrastructure was 
already in place, as were ingredient procurement and 
distribution systems to respond to the drought. Unions 
worked double and even triple shifts to produce and ship 
feed to affected farmers. The unions were able to distrib-
ute concentrate feed to more than 307,000 animals owned 
by almost 119,000 farmers. According to local interviews, 
not a single animal receiving supplemental feed was lost. 
In outside areas that were less affected and not part of 
the FEED program, livestock productivity decreased; but 
there were no animal deaths, migration, or forced live-
stock sales. This greatly contrasts with previous drought 
years where, nationally, millions of animals died.

Although FEED is most recognized for its cooperative 
union-based feed enterprises, the project’s contribution to 
resilience is not limited to that. It promotes the adoption 
of productive and nutritious, yet drought-resistant forages 
by farmers and practices such as hay making so a portion 
of the harvest can be used in the future—for example, as 
part of the annual dry season feeding strategy, for com-
mercial sale, or, when necessary, to cope with drought. 
Seed required to support increased production of these 
forages has come, in part, from nurseries established 
with FEED assistance. The project has supported several 
successful efforts to rehabilitate degraded grazing lands 
and helped surrounding communities implement man-
agement plans that increase both forage productivity and 
sustainability. 

Through its interventions, the FEED project strives to 
increase supply and quality of feed as well as consistency 
and dependability of access in increasingly variable condi-
tions. The project is doing so by creating the infrastruc-
ture, both physical and human, on and off farm, that can 
respond to changes in demand, including those created 
by climate shocks. In the context of livestock production 
and the key role that feed plays, this is the definition of 
resilience.

The FEED projects have thus far been transformative for 
climate resilience by applying new methodologies (feed 
distribution) and technologies (manufactured feed) at 
broad geographical scale and fundamentally altering the 
agricultural landscape in the form of a new feed market-
ing system to reduce exclusive reliance on forage. The 
FEED projects have catalyzed a transformative pathway 
by using existing enabling conditions (i.e., the cooperative 
union network) and sequencing incremental changes for 
almost 10 years to aggregate outcomes for transforma-
tional change. Additionally, government support (from 
the federal to district level), as well as alignment with 
the national Growth and Transformation Plan (I and II) 
and the Livestock Master Plan, has promoted the FEED 
program’s sustained presence and growth. 

Despite substantial gains, FEED still faces barriers related 
to union financial capacities, escalating feed prices, limited 
research and development infrastructure, a lack of a for-
age seed certification system, and competing government 
and NGO seed distribution. These barriers emphasize 
the need for flexible transformative adaptation pathways 
that respond to local conditions and constantly evolve to 
overcome new (and old) challenges. 

CURRENT STATE OF LIVESTOCK  
PRODUCTION SYSTEMS
The following sections give a brief synopsis of the current 
state of adapting components of livestock production that 
will be critical for transformation. The sections are meant 
to give a basic overview rather than an exhaustive review 
of all current practices and approaches. Instead, they are 
meant to highlight three areas of livestock production that 
appear to be the most promising for transforming systems 
to be more resilient over the long term: breeding, feed and 
fodder, and transitions in system location or production 
fundamentals. For further details, please refer to the cited 
documents. 
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Current State of Adapting Breeds
Livestock breeds have been adapted to local conditions 
over centuries, either through natural selection or pur-
poseful breeding efforts. Productivity of local breeds is 
typically lower than widely used commercial breeds (Hov-
ing et al. 2014). Historically, most livestock breeding has 
focused on increasing productivity, albeit at the expense of 
adaptability and resilience. Little information exists about 
the scale of current efforts to breed livestock for climate 
resilience, although initiatives do exist (Box 1). 

The Domestic Animal Diversity Information System 
(DAD-IS) is a database of breed-related information on 
livestock diversity maintained by the FAO. DAD-IS allows 
for analysis of the diversity of livestock breeds on national, 
regional, and global levels, including the status of breeds 
regarding their risk of extinction. Figure 1 highlights the 
current global breed diversity of the four major livestock 
species. Of the genetic resources from these species, and 
from the remaining species that are raised as livestock, 
0.36 percent have been secured in either medium- or 
long-term conservation facilities (FAO 2018a). Addition-
ally, of all known livestock genetic resources, 23 percent 
are either endangered or critically endangered, while 66 
percent of all genetic resources have unknown risk status 
(FAO 2018a). 

Securing genetic diversity of livestock breeds is the first 
step to adapting breeds to climate change. Breeding 
companies that use these genetic resources to develop 
specialized breeding stock tend to be in Organisation for 
Economic Co-operation and Development (OECD) coun-
tries (e.g., countries in North America, Western Europe, 
and Australia/New Zealand) and are highly competitive 
(Hoving et al. 2014). Livestock breeding in developing 
regions has yet to reach the efficiency and efficacy of the 
breeding efforts in the developed world. Crossbreed-
ing of genetically specialized breeds with those that are 
locally adapted to climate conditions is typically meant 
to increase productivity faster but often at the risk of 
replacing environmentally adapted traits. To address the 
impacts of climate change, local breeds need to be bred to 
improve productivity while considering long-term climate 
conditions of specific environments. 

Heat stress is a serious issue that is affecting the productivity 
of livestock. Combining that with new emerging diseases 
and the need to feed 3 billion more people over the next 
three decades, we are faced with serious issues that 
traditional breeding methods cannot work quickly enough 
to solve. The University of Maryland College of Agriculture 
and Natural Resources, with support from the Bill & Melinda 
Gates Foundation, is combining basic research and practical 
application to address global issues. The College is working 
on the development of new, cutting-edge precision breeding 
technologies for livestock, specifically focusing on cattle and 
goats, to introduce traits that improve heat tolerance and 
increase milk yield.

To incorporate one new trait into a population, many 
generations of breeding were traditionally needed, which 
can take about 15 to 30 years, depending on the species. 
With technologies such as CRISPR*/Cas9 allowing for easy 
gene editing, researchers are looking at what is known about 
genetic fragments that are linked to specific desirable traits 
and how those traits can be input into a population in just a 
single generation of breeding, taking only 3 years instead of 
30.

*While clustered regularly interspaced short palindromic 
repeats (CRISPR) provides an important opportunity in terms 
of climate adaptation action, the European Court of Justice 
decided in July 2018 that plants created with CRISPR or other 
gene-editing tools should go through the same extensive 
regulatory process as earlier generations of genetically 
modified organisms. Many researchers predict that this 
decision will have a negative impact on biotechnology 
advancement and innovation for the development of more 
tolerant breeds. 

Source: PRWEB 2018.

Box 1  |  The Case of Precision Livestock Breeding
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In addition to considering direct climate impacts, such as 
heat stress, breeding efforts are also starting to address 
indirect climate impacts, such as increased incidence of 
pests and pathogens. For example, some breeding efforts 
have focused on introducing tick resistance in Bos indicus 
cattle, a trait expected to be increasingly needed with 
climate change (Zhang et al. 2017). 

A major gap remains in the research and development of 
climate-resilient livestock breeds, especially for semi-arid, 
subtropical, and tropical regions. Most countries have yet 
to develop a long-term breeding strategy that addresses 
climate impacts and fits farmers’ needs. This is critical for 
short-, medium-, and long-term adaptation. Incremental 
adaptation, such as improving current breeds for climate 
resilience, may be all that is needed in certain contexts. 

In other circumstances, transformative adaptation, such 
as the development and introduction of new species (e.g., 
replacing climate-sensitive cattle with climate-resilient 
small ruminants or camels) will be required to maintain 
production viability. To achieve both incremental and 
transformative breed outcomes, a transformation in the 
breeding infrastructure itself is needed.  

Current State of Adapting Feed Resources
Making feed resources climate-resilient is critical for 
livestock production and has continued to be a challenge 
in many regions. In addition to land degradation due to 
overgrazing and overstocking, climate change has affected 
crops that provide fodder, as well as natural vegeta-
tion that is used for forage (Rojas-Downing et al. 2017). 

Figure 1  |  Number of Livestock Breeds per Region

Notes: Number of local breeds recorded per species and region for four major livestock species, according to the Domestic Animal Diversity Information System (DAD-IS) of FAO (http://dad.fao.org, 
November 2014). 

Source: Numbers as recorded by Boettcher et al. 2015. 
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However, in some regions, climate change will have net 
positive impacts on pasturelands and rangelands due 
to increased moisture availability and CO2 fertilization. 
This offers an opportunity for relocating future nonviable 
livestock production to newly viable areas, considering 
other environmental, land-use, cultural, and economic 
dynamics. 

According to a recent meta-analysis of climate change 
impacts on livestock and related adaptation strategies, 
most fodder adaptation strategies have been incremental 
and include improving pasture yield through restorative 
practices, adding irrigation and modifying grazing sched-
ules, adjusting feeding system management through 
planting forage crops and feed supplementation, altering 
rangeland management through fertilizer application, 
grazing rotation, fire management, and conservative 
stocking rates (Escarcha et al. 2018). The study, which 
reviewed 146 publications, did not identify any adapta-
tions related to feed and fodder that would meet this 
paper’s definition of transformative adaptation, such as 
introduction of new fodder species, relocation of fodder 
production, or shifts from fodder to staple crops. 

As with livestock breeding, there is a great need for 
improved crop research and development that focuses 
on climate-resilient livestock feeds. As mentioned above, 
most research and development involving breeding takes 
place in OECD countries, including both animals and 
crops. This means that a transformation in breeding 
infrastructure for both animals and crops is required in 
the developing world in order to produce adapted species 
that keep pace with climate change. 

Additionally, the development of climate-resilient fodder 
and feed value chains (see the case study in the following 
section), including those that use industrial by-products 
(e.g., beer production waste) and invest in storage infra-
structure, holds great potential for transforming livestock 
production systems. In many developing regions of the 

world, fodder and feed are produced by the livestock keep-
ers themselves. This puts additional financial and labor 
constraints on small producers, especially during times of 
climate extremes like drought. The development of feed 
markets that are connected to livestock producers and that 
are responsive to climate risks will be essential for long-
term climate resilience. 

Current State of Adaptive Livestock Production 
Transitions
Anecdotal evidence suggests that in many regions around 
the world, livestock keepers are beginning to transition 
to different types of production systems due to climate 
impacts, whether this has been done autonomously or 
through governmental and nongovernmental programs. 
(See Box 2 for an example.) 

Transformations include switching to a new species that 
requires different material inputs and husbandry tech-
niques, or switching from different types of livestock rear-
ing (e.g., transhumant to sedentary) or transitioning into 
or out of livestock production (e.g., from crop production 
to cattle rearing). Although the optimal transformation 
strategy will vary from place to place, Weindl et al. (2015) 
suggest that a shift toward mixed crop-livestock systems 
could reduce agricultural adaptation costs from 3 percent 
to 0.3 percent of total production costs and reduce tropical 
deforestation by about 76 million hectares. As it is esti-
mated that 1 billion hectares of rangeland are suitable for 
cropping, there is a significant opportunity for switching 
from livestock to crops or mixed systems when that makes 
the most economic and sociocultural sense based on long-
term climate risks (Erb et al. 2007; van Velthuizen et al. 
2007). In other regions, a shift toward rangeland-based 
systems may be more suitable, for example in South Asia 
(including India) and other areas where climate-change 
impacts on feed and forage will be less than the impacts on 
crops used for human consumption (Havlík et al. 2015). 
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CHALLENGES TO TRANSFORMATIVE 
ADAPTATION IN LIVESTOCK PRODUCTION 
SYSTEMS
While transformative adaptation is already happening in 
some livestock production systems, often driven by neces-
sity, a range of challenges and barriers to transformation 
exist. This section highlights some of the most important 
challenges, barriers, and constraints that governments, 
funders, and producers can address. 

Inadequate climate information. The first steps in 
designing transformative adaptation interventions are 
understanding the current and projected climate condi-
tions and communicating that information. Although 
climate information data and modeling have drastically 
improved in the past decades, downscaled information 
that has credible accuracy over the long term has yet to 
become available, especially in the developing world’s 
livestock sectors (Escarcha et al. 2018). Additionally, there 
is a great need for more accurate and accessible weather-
related information and early warning systems (on shorter 
timescales) to benefit livestock producers, as well as devel-
oping technology that effectively communicates long-term 
climate impacts and how to address them. 

Inadequate genetics to deal with climate impacts. 
Many developing countries recognize the need to improve 
the productivity of native livestock breeds through 
improved breeding techniques, such as selective breed-
ing, crossbreeding, genetic modification, or gene editing 
(Rashamol and Sejian 2018). Although introducing new 
species like small ruminants and poultry can be a trans-
formative adaption option, so too is the introduction of 
modern breeding techniques to underdeveloped livestock 
production systems. More productive animals enable live-
stock keepers to reduce the numbers of animals, reduce 
costs, and mitigate stress on natural resources. Breed 
improvement requires technical and financial resources, 
which are economically viable investments that benefit 
the long-term productivity and increased resilience of the 
livestock sector. 

Traditionally, in the pastoral communities of semi-arid 
northern Kenya, it was mandatory for every Borana household 
to own cattle as wealth was measured according to the 
number of cattle one had. However, due to climate impacts, 
the Borana have let go of their cattle culture and embraced 
camel production. 

Camels became preferred due to many factors. The camels’ 
adaptation to arid conditions made them able to survive 
rainless seasons on minimal feed and exist in areas where 
other livestock species could not survive. Moreover, camels 
and their products fulfill many socioeconomic functions 
among the livestock keepers: food and nutritional security 
during drought from meat and milk, additional income from 
camel hides, and mobility through camel transportation. 

This transformation has occurred autonomously over 
time due to the initiative of the Borona people, without 
extensive intervention by external actors and beyond the 
support of various NGOs. Although this shift allowed Borana 
pastoralists to enhance their food security, generate income, 
and enhance their resilience to climate risks, some factors 
interfere with realizing sustainable climate resilience over 
the long term. These factors include the changing dynamics 
of camel diseases due to climate change, retention of less 
productive breeds, and a lagging market for camel products. 
Interventions to promote long-term climate resilience could 
include a series of strategic interventions to establish 
proactive disease and veterinary measurements, climate-
resilient breeding of camels, and market promotion. 

This example shows that while transformative adaptation 
can be initiated autonomously by livestock keepers, to 
ensure sustainable, long-term climate resilience, broader 
government and private-sector interventions will almost 
certainly be needed to overcome infrastructure, financial, and 
market constraints, particularly among the poorest and most 
vulnerable, who may have the least capacity to make such 
shifts on their own. 

Source: Kagunyu and Wanjohi 2014.

Box 2  |   Autonomous Transformation: Replacing Cattle 
with Camels
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Lack of local capacity to adopt and adapt. The 
adoption of new livestock technologies and methodolo-
gies is often a slow process that does not always reach the 
intended beneficiaries (Ugochukwu and Phillips 2018). In 
livestock production systems, pasture-user unions, water-
user associations, cooperatives, and women’s groups often 
lack the capacity to manage, maintain, and equitably share 
the benefits of new technologies and methodologies. At 
the same time, private-sector actors also lack the capacity 
to analyze and plan for transformative adaptation path-
ways. Yet, private-sector involvement in transformative 
technologies and methodologies will be critical to sustain 
transformations since the private sector is less restricted 
by political processes and timelines.

Lack of climate-resilient infrastructure. Infrastruc-
ture quality and climate resilience varies greatly across 
livestock production systems. This infrastructure will 
be critical for offsetting the negative effects of increased 
temperatures and extreme events (Escarcha et al. 2018). 
Cooling sheds, roads, emergency shelters, protected 
transportation, and refrigerated processing plants are just 
some examples of climate-resilient livestock infrastruc-
ture. However, the high up-front costs of constructing and 
maintaining livestock infrastructure represent a barrier to 
transformative adaptation in many places. 

Lagging veterinary services and disease preven-
tion. Many developing countries have yet to develop an 
efficient and effective disease prevention and treatment 
infrastructure (Franc et al. 2018). This includes disease 
modeling and surveillance, veterinary services, supply 
of antibiotics and vaccinations, and sanitary and phyto-
sanitary measures. Climate change has already affected 
pest and pathogen spread and transmission (Easter et 
al. 2018). Disease modeling will be critical for projecting 
future pest and pathogen risks, especially those manipu-
lated by increasing temperatures and moisture. This also 
has implications for the human health field, as many 
livestock diseases are zoonotic (i.e., able to be transmitted 
from animals to humans) or reverse zoonotic (i.e., able 
to be transmitted from humans to animals) (Tomley and 
Shirley 2009). 

The limits of land. In some cases, the interaction of 
climate impacts and environmental degradation may 
make a certain scale of livestock production nonviable. 
For example, intensive, large-scale production in a region 

Silvopastoralism, the integration of livestock production and 
forestry, has historically been employed to increase livestock 
productivity while offering diversification of income through 
timber. Silvopastoralism increases livestock yield, but also 
has important implications for sustainable resource use, GHG 
mitigation, and adaptation. 

Introduction of trees and shrubs into degraded livestock 
landscapes enhances soil fertility and local biodiversity by 
renewing soil carbon content and introducing plant species 
to cleared pastureland. The carbon sequestration potential 
of silvopastoralism worldwide ranged from 1.1 to 6.55 
megagrams per hectare per year depending on geographic 
location, years of implementation, design and management 
(Nair et al. 2009). In terms of adaptation, silvopastoralism has 
several benefits, including:

 ▪ reducing heat stress to livestock by reducing ambient 
temperature through shade;

 ▪ promoting nutritional quality of feed by diversifying 
forage and browse;

 ▪ increasing livestock feed security by supplying fodder 
banks and reducing impacts of drought; and 

 ▪ improving water availability by increasing soil 
moisture retention (Montagnini et al. 2013).

Despite its potential, silvopastoralism has yet to be discussed 
within the context of transformative adaptation, despite 
its potential. Currently, silvopastoralism is being promoted 
in several tropical livestock regions, especially in Latin 
America, for its benefits to productivity, mitigation, and 
adaptation. Silvopastoralism could be implemented as a 
form of transformative adaptation by applying some of the 
planning questions outlined in Table 2. To ensure long-term 
climate resilience while transitioning to silvopastoral systems, 
relevant planning questions could include, “What tree species 
will be resilient under the projected climate in 2050 and 
2100?” or “Will water availability be sufficient for productive 
forestry by 2035?” Many similar questions are asked during 
silvopastoral transitions, but not necessarily in ways that 
incorporate long-term perspectives that consider land-use 
and resource-use trade-offs.

Box 3  |   Silvopastoralism: An Opportunity for 
Transformative Adaptation
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where soils are fragile and climate impacts are severe may 
require partial destocking to increase yield per animal. 
Additionally, this may require certain methods of rota-
tional grazing and/or a change in husbandry practices, 
such as the age of slaughter. On the other hand, in some 
regions, such as South Asia, livestock production may be 
a more viable alternative to crop production in the long 
term. This is because climate change may negatively affect 
food crops and yet have neutral or positive impacts on 
feed crops and/or forage. These types of transformations 
require the same considerations as shifting out of livestock 
production.

Land rights, access, and tenure. When a new pro-
duction system is introduced into a geographic region, 
planners and implementers must consider land rights. 
Consideration must be given to who owns and governs the 
land or who should own the land in situations when land 
ownership is unjust or inequitable. This should include 
consideration of use rights during periods of stress, such 
as spring grazing areas used in times of drought that 
get limited use at other times. Introduction of livestock 
systems should not take advantage of weak or nonexis-
tent land rights, especially in indigenous communities 
or where women have limited capacity to own land. 
Encroachment of pastoralists into protected areas will also 
be an increasing challenge that will need to be carefully 
planned for and managed as will the migration of pasto-
ralists to urban areas, which is already happening in some 
areas. 

Cultural attachments to livestock production 
systems. In many developing regions, livestock, par-
ticularly cattle, have a cultural significance that must be 
considered when intending to diversify livestock species 
(Swanepoel et al. 2010). However, there are cases where 
communities have recognized the negative impacts of 
climate change and relinquished a culturally important 
species for one that was more climate-resilient (Box 2). 
This type of transition can be eased by providing access to 
information and inputs that are critical to produce a new 
animal species. Alternatively, a certain type of livestock 
production system, for example, transhumant pastoral-
ism, is a traditional method of livestock keeping that may 
be threatened due to changing forage dynamics and water 
availability. Instead, sedentary livestock keeping may be 
more resilient in the long-term where feed can be supplied 
by external sources, and water can be managed on-site. 

In many countries, the role of women in livestock production 
systems is significant (IFAD 2009). Women are often 
responsible for most livestock nurturing activities and play 
an active role in on-farm livestock duties such as feeding, 
watering, fodder collecting, stable cleaning, milking and 
milk processing, caring for small and sick animals, poultry 
raising, wool work, and traditional animal health care. Men 
are generally responsible for marketing, shearing, animal feed 
purchasing, procuring veterinary services, and herding. While 
men’s tasks are seasonal, most women’s tasks are daily (Nassif 
2008).

FAO (2007) notes that women livestock keepers are affected by:

 ▪ denial of land rights and land tenure security; 

 ▪ biased government attitude toward women;

 ▪ lack of access to information and new knowledge;

 ▪ lack of credit and access to market and financial 
services;

 ▪ very limited share of political power and low presence 
in lobbies; and

 ▪ lack of opportunity for their voices to be heard.

Given women’s important role in the livestock sector and 
their dependence on livestock, as well as women’s elevated 
vulnerability to climate impacts, empowering women and 
systematically providing them with knowledge and decision-
making power needs to be explicitly considered in all 
adaptation plans and approaches. 

Pursuing social equity is critical for long-term, sustainable 
climate resilience. Equitable access to resources, information, 
markets, and financial services, along with equitable political 
influence, will allow for women and other marginalized 
groups to plan, implement, and maintain transformations in 
agriculture that reduce long-term climate risks. Without explicit 
consideration for social equity, transformations of agricultural 
systems risk exacerbating social inequity by consolidating 
wealth and power and further marginalizing already 
disempowered groups. 

Box 4  |   Gender and Transformative Adaptation in 
Livestock Production Systems 
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RECOMMENDATIONS
Livestock production systems around the world are 
already changing in response to demographics, markets, 
and economic development, but these transformations 
rarely consider long-term climate risks. Without the 
proper information and resources, these transformations 
may not withstand intensifying direct and indirect climate 
impacts, such as changing disease dynamics, and could 
exclude or disadvantage the poorest and most vulnerable. 

Due to the extreme climate sensitivity of livestock-based 
livelihoods in marginal lands, difficult decisions regarding 
livelihood diversification must be made to ensure food 
security and encourage poverty reduction. Recognizing 
that in some circumstances, livestock production will 
remain the most climate-resilient livelihood, the severity 
of climate change in some areas may mean that farmers 
and herders have to move away from culturally significant 
species to more climate-resilient ones or, more drastically, 
out of livestock production. To address this challenge, 
recommendations emerging from this research paper on 
further research, mitigation, policy, and investment priori-
ties are outlined below. 

Research Priorities
Although there is a dearth of research and evi-
dence on means to support transformative adap-
tation for livestock production, some areas, such 
as breeding, feed and fodder production, and live-
stock diversification, have significant potential. 
While existing research has focused on adaptation options 
that are not transformative per se, many of these options 
have the potential to lead to transformation if they are 
planned for over the long term, are properly sequenced, 
and consider co-benefits such as mitigation, sustainable 
resource use, and social equity. 

Substantially more knowledge and learning 
regarding livestock production dynamics and 
related climate-change impacts are needed to sup-
port adaptation planning, whether that adaptation is 
incremental or transformative. Although transformative 
adaptation is already occurring in some contexts, it may 
not be explicitly called transformative, making it difficult 
to pinpoint progress and identify obviously transformative 
examples. Further data and analysis are needed to acceler-
ate and improve planning and implementation of trans-
formations in the livestock sector that explicitly consider 
long-term climate risks. 

Governments, funders, and research institutions 
should assess long-term climate impacts and vul-
nerabilities, keeping transformative adaptation 
solutions in mind. Based on climate projections, crop 
models, livestock models, disease models, etc., transfor-
mative adaptation will be needed in the livestock sector 
in some regions. The sooner these actors evaluate their 
long-term climate impacts, the sooner they can plan for 
and implement transformative changes while promoting 
smooth transitions. 

Policy Priorities 
Transformative adaptation of livestock produc-
tion systems must also address resource sustain-
ability and carbon efficiency. Since livestock are 
major emitters of GHGs and their mismanagement can 
be a major cause of land degradation, climate-resilient 
transformations must also consider mitigation and 
sustainability co-benefits. Beyond improving technolo-
gies and methodologies, this may also mean reducing 
herd sizes and transitioning to alternative feed resources. 
It also means improved management of rangelands. For 
example, a shift from pastoralism to silvopastoralism pro-
vides the opportunity to increase soil fertility, retention, 
and carbon sequestration. In the commercial livestock 
sector, it means better management of manure and other 
by-products of livestock production; for example, through 
biogas digesters. What should be avoided are shifts that 
enhance long-term climate resilience but also decrease 
sustainability and mitigation co-benefits.  

In addition to incorporating transformative adap-
tation options for livestock in NAPs, NDCs, and 
other national planning processes, these options 
should also be explicitly considered in sectoral 
development plans and national budgets. The live-
stock sector is critical for food security, livelihoods, eco-
nomic growth, cultural traditions, and agro-ecosystems. 
Livestock-sector development plans should explicitly 
consider long-term climate impacts, GHG emissions, and 
land-use trade-offs and be linked to national budgeting 
mechanisms. The introduction of new technologies and 
methodologies, such as payment for ecosystem services, 
taxation schemes, and land-use regulations, will encour-
age sustainable livestock land-use practices that rehabili-
tate degraded soils, water, and other ecosystem compo-
nents (Ding et al. 2017). The rehabilitation of degraded 
natural resources is essential for providing the necessary 
inputs for livestock production and will promote resilience 
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to climate shocks in the long term. Appendix C outlines a 
transformative adaptation planning process and provides 
examples of planning questions to support policymakers 
in considering how to support transformative adaptation 
in the livestock sector. 

Equitable access to resources, information, mar-
kets, and financial services will be critical for 
making sure that transformative adaptation is 
sustained. Adaptation planners and implementers must 
explicitly consider social equity so that transformations 
in livestock production systems do not consolidate wealth 
and power and further marginalize the poor. Although 
all agricultural sectors require careful considerations for 
social equity during transformations, deep cultural and 
traditional ties to livestock in many regions around the 
world make it important to strategically design projects, 
programs, tools, and policies that address the needs and 
rights of women, indigenous people, the poor, and other 
marginalized groups. Understanding the diverse roles 
and needs of these demographic groups and integrating 
into projects and programs can significantly improve the 
overall climate resilience of the livestock sector. 

Ensure that regional and international trade 
standards support new systems. When shifts in 
fundamental components of livestock production occur, 
the new practices can have major trade policy implica-
tions. Regional market assessments can identify whether 
there is a demand for certain products or whether there 
are regulations that are established that require certain 
standards of production or processing. In some cases, 
trade standards may need to shift to accommodate new 
production systems, or vice versa. As well as acting as bar-
riers, market and trade policies can also act as incentives 
for change, such as mechanisms that provide market price 
support and input subsidies (FAO 2018b). 

Thoughtfully address cultural and social equity 
issues (e.g., species preference, land tenure, grazing 
rights, etc.), especially concerning women and indigenous 
communities, to promote systemic resilience. Livestock 
production has strong cultural components, such as con-
ferring wealth or status, that policymakers must consider 
when planning transformations. 

Investment Priorities 
Transformative pathways in livestock production 
systems should include sets of discrete actions 
and strategies that can be sequenced to create 
a general trajectory toward transformation. 
This may include both incremental and transformative 
approaches. In some contexts, incremental changes will be 
enough to make livestock production climate-resilient in 
the long-term. However, in many regions, transformative 
adaptation will be the only solution for livestock produc-
tion. In addition to interventions that secure production 
of livestock, this may actually mean abandoning livestock 
production for other production systems or introducing 
livestock production in regions where it may be more 
viable than other forms of production. 

Therefore, governments and funders must con-
sider carefully coordinated, flexible, long-term 
projects that are sequenced to ensure lasting 
outcomes in response to climate change. Shifts 
in livestock production take time due to breeding times, 
market barriers, cultural norms, and the unpredictability 
of extreme events like drought. To overcome these chal-
lenges, funders should consider moving beyond pilots and 
one-off three- to five-year project cycles, and instead think 
long-term and consider how best to build on the outcomes 
of each project. Donors should also cluster financing 
around specific initiatives to deliver longer-term impact. 

In addition to animal and feed breeding, govern-
ments, funders, and the private sector should 
focus on investments that improve livestock 
infrastructure, veterinary and disease prevention 
services, feed manufacturing, markets, and land 
rehabilitation mechanisms. These components of the 
livestock production system are critical for transforma-
tive adaptation. In many circumstances, new technologies 
and methodologies in each of these areas will be required 
to mitigate long-term climate risks. Cooling sheds, 
roads, emergency shelters, protected transportation, and 
refrigerated processing plants are just some examples of 
climate-resilient livestock infrastructure. The implementa-
tion of a single infrastructural project may not be enough 
to transform livestock production, but making the infra-
structure of the entire value chain climate-resilient can 
transform the system. 
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Livestock breeding in developing countries 
demands new technology and expanded infra-
structure. The current lack of secured genetic resources 
and livestock breeding programs will make it extremely 
difficult to adapt to the intensifying impacts of climate 
change in the long-term. This will require a multi-level 
(community, national, regional, international) open-
access data platform and creation of data-sharing 
mechanisms among stakeholders that specifically address 
climate-resilient traits.

Large-scale transformations to decrease depen-
dence on grazed forage and increase use of fodder 
crops and manufactured feed must occur in some 
situations to ensure long-term climate-resilience 
of the livestock sector. Fodder and feed are essential 
for livestock production and will be affected by climate 
change. Introduction of new technologies and methodolo-
gies, such as novel fodder species, manufactured enriched 
feed and feed concentrate, and rehabilitation methods for 
degraded forage lands, will all be needed to provide the 
feed supply necessary for livestock production faced with 
long-term climate risks. The manufacturing of enriched 
feed and the storage of surplus feed for use during short-
ages has been shown to be critical in making livestock 
production resilient (Chuncho et al. 2013) especially dur-
ing climate shocks. Increasing feed production is also an 
opportunity for inclusive job creation and for leveraging 
private-sector participation.

The development and implementation of disease 
surveillance and prevention systems that consider 
long-term climate impacts will be critical for pro-

moting climate resilience. In many developing coun-
tries, extension and veterinary services, disease modeling, 
phytosanitary standards, and early warning systems for 
pathogen transmission are weak or nonexistent. Building 
the capacity to prevent and treat livestock diseases, includ-
ing those that are zoonotic, will require the introduction 
of new infrastructure, information, and communication 
technologies; research and development institutions; and 
public-private partnerships. In other words, new technolo-
gies and methodologies that tackle disease dynamics are 
needed at the regional scale. This will promote sustained 
transformations. 

Investment in building the capacity of governance 
institutions (e.g., pasture unions, water user asso-
ciations, women’s groups, etc.) will be essential 
for adaptation, including transformation. Governments, 
funders, and adaptation practitioners should consider how 
to improve livestock governance such that they are able 
to access and disseminate the required information and 
resources for transformative adaptation in the sector.

Public-private partnerships should be fostered to 
address the current breeding infrastructure gap 
in the developing world. A transformation in breeding 
infrastructure, including gene banks, research institutions, 
breeding labs, private artificial insemination institu-
tions, and other dissemination services, will be needed to 
reduce breeding times (from development to adoption) to 
keep pace with changing climates. This can only happen 
through sustained private-sector engagement and invest-
ment over the long term. 



WORKING PAPER  |  June 2019  |  17

Transformative Adaptation in Livestock Production Systems

APPENDIX A. CLIMATE IMPACTS ON LIVESTOCK PRODUCTION

CATEGORY CAUSE IMPACT SOURCE(S)

Feed crops 
and forage

Increased CO2 concentration

Increased yield for some feed and forage crops 
(C3  species) 

Altered species composition

Chapman et al. 2012; Hatfield and Prueger 
2011; Thornton et al. 2009, 2015

IFAD 2010; Thornton et al. 2008, 2009, 2015

Temperature increase to 30–35 °C Increased vegetation growth (depending on 
production system, location, and plant species)

Hatfield and Prueger 2011; IFAD 2010; Thornton 
et al. 2009; Thornton and Herrero 2010a,b

Temperature increase beyond 
optimal rates Decrease in feed crops and forage quality Polley et al. 2013; Sanz-Saez et al. 2012

Seasonal shifts in water availability Altered species composition Polley et al. 2013

Extreme climate events (e.g., flood) Decrease in total yield Baruch and Mérida 1995

Water

Increased temperature Increase in animal water consumption by a 
factor of two to three Nardone et al. 2010 

Water salination from sea level rise 
or soil salinization

Negatively affect animal metabolism, fertility, 
and digestion Nardone et al. 2010 

Increased water contaminants (e.g., 
chemicals and heavy metals) from 
flooding

Impairment of livestock health Nardone et al. 2010 

Disease

Increased temperature

Accelerates the growth of pathogens and/
or parasites that live part of their life cycle 
outside of their host

Shifts in disease spreading and outbreaks of 
severe disease, or introduces new diseases

Increased disease transmission

Harvell et al. 2002; Karl et al. 2009; Patz et al. 
2000

Thornton et al. 2009

Thornton et al. 2009

Increased rainfall Shifts in disease spreading and outbreaks of 
severe disease, or introduces new diseases Thornton et al. 2009

Combination of temperature and 
rainfall shifts Increased probability of zoonotic diseases Randolph 2008

Table A-1  |   Impacts of Climate Change on the Livestock Sector
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CATEGORY CAUSE IMPACT SOURCE(S)

Feed nutrient 
utilization and 
feed intake

Increased temperature
Decreased feed intake  

Decreased efficiency of feed conversion

Mader and Davis 2004; Thornton et al. 2009; 
Wyman et al. 1962

McDowell 1968

Animal 
production Increased temperature

Reduced production of dairy (goats, sheep, 
cattle)

Reduction in body size, carcass weight, and fat 
thickness

St-Pierre et al. 2003

Mitloehner et al. 2001; Nardone 2000

Reproduction Increased temperature Impairment of reproduction variables Hansen 2007; Nardone et al. 2010; Wolfenson 
et al. 2000 

Health Increased temperature Various negative health side effects Webster 1991; Johnson 1980; Bernabucci et al. 
2002; Ronchi et al. 1999; King et al. 2006

Biodiversity

Combination of climate-change 
factors

Increased extinction of livestock breeds

Increased number of breeds at risk of 
extinction

Thornton et al. 2009

FAO 2007

Breeding and rearing for yield and 
economic returns over climate risks Decrease in livestock biodiversity Thornton et al. 2009

Table A-1  |   Impacts of Climate Change on the Livestock Sector (Cont’d)

Notes: The above descriptions are generalized for all livestock animals or feed/forage; however, the severity of impacts varies among different species. 
Source: Adapted from Rojas-Downing et al. 2017.
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APPENDIX B. AN ANALYSIS OF NATIONAL 
ADAPTATION PLANS AND KJWA SUBMISSIONS 
Table B1 lists entities that referenced adaptation actions that could lead to 
transformation in either their NAPs, NDCs, or KJWA submissions. This also 
includes the corresponding excerpts, the document in which they were 
found, and what type of transformative action it represents. In most cases, 
excerpts were in the form of bullets and, overall, provided very little context. 
Therefore, an assumption was made that these could be transformative if 
performed within the right context and at scale.

This analysis was completed by performing a keyword search for the follow-
ing terms: livestock, animal*, pastoral*, cattle, breed*, rangeland*, pasture*, 
fodder, feed*, forage, grazing, manure, veterinary, destocking, ruminant*, and 
dairy. These search results were only further analyzed if they were discussed 
within the context of adaptation. Excerpts were considered to fall within the 
context of transformative adaptation if they reflected this paper’s definition 
of transformative adaptation. Further analysis included scanning search 
results for references to food security, nutrition, gender, and social equity.

COUNTRY EXCERPT DOCUMENT TYPE OF TRANSFORMATION

Bangladesh
In reference to genetic modification for climate-resilient livestock:

A major program along these lines needs to be taken up. Both technological support for 
planning and executing such programs, along with resources, would be necessary.

KJWA New technology/innovation

Bhutan

Organic livestock farming and eco‐friendly farm designs INDC/NDC
New production methods

New technology/innovation

Agro‐forestry or agro‐silvopastoral systems for fodder production INDC/NDC
New production methods

Shift in type of production system

Bolivia Transition to semi-intensive systems of livestock management and integrated 
management of agroforestry and silviculture techniques INDC/NDC

New production methods

Shift in type of production system

Brazil

The full integration among pasture, crop, and forest, referred to as crop-livestock-forest 
interaction, in an agro-silvopastoral system has been scaling up in area over the last 
couple of years

KJWA
New production methods

Shift in type of production system

Advance in the use of modern molecular biology to generate crops and animal breeds 
that will better tolerate salinity, water stress, heat, and pests with increased production KJWA New technology/innovation 

Create production mosaics based on integrated crop-livestock-forestry systems in 
areas of production, forests, native vegetation, and ecological corridors, resulting in an 
increase of regional resilience and in the use and conservation of natural resources 
(biodiversity, water, soil) in compliance with current legislation

NAP New production methods

Burkina 
Faso

Project 2: Livestock Farmers’ Climate Insurance Project [Projet d’Assurance Climatique 
des Eleveurs, PACE] NAP New technology/innovation

China
Promote the technological development and transfer that enhance resilience of 
agriculture systems in developing country parties, including, inter alia, crop and 
livestock breeding technologies

KJWA New technology/innovation

Gambia

Climate-change adaptation through large-scale ecosystem restoration of the River 
Gambia Watershed by improving long-term planning and management through 
development of national and subnational land-use policies and plans for crop and 
livestock production; management of agro–pastoral infrastructure and control of 
transhumances; enrichment and management of rangelands and appropriate farm 
mechanization; and establishing irrigation schemes

INDC/NDC Shift in type of production system

Table B-1  |   Excerpts from NAP, NDC, and KJWA Documents Relevant to Transformative Adaptation in Livestock
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COUNTRY EXCERPT DOCUMENT TYPE OF TRANSFORMATION

India
…incentives to farmers and market linkage/chain for marketing of organic produce KJWA New production methods

…feed enrichment processing units, establishment of feed processing units… KJWA New technology/innovation

Kenya

Develop new feeds NAP New technology/innovation

Promote livelihood diversification and market access (camels, indigenous poultry, 
beekeeping, rabbits, emerging livestock—quail, guinea fowl, ostrich, etc.) NAP Shift in type of production system

Livestock insurance schemes NAP New technology/innovation

Malawi Climate-resilient production principles include...insurance… KJWA New technology/innovation

Moldova …introduce livestock species resilient to extreme temperatures… INDC/NDC New technology/innovation

Mongolia To set up taxation system for pasture use INDC/NDC

Namibia …shifting livestock to alternative grazing areas… INDC/NDC Shift in location of activities

Rwanda

Rwanda also intends to implement a push-pull system using Napier grass and 
desmodium legume to manage pests under maize, sorghum, millets, and rain-fed rice 
plantations. The main adaptation benefits of the push-pull system are…a continuous 
supply of fodder to cattle from the harvest of Napier grass and desmodium.

INDC New technology/innovation

Somalia Introduction of Napier grass INDC New technology/innovation

Sudan
Other measures could include rehabilitating livestock markets while also encouraging 
farmers to replace cattle with smaller livestock, which would be better suited to drought NAP Shift in type of production system

Introducing the manufacture of concentrated fodders NAP New technology/innovation

Table B-1  |   Excerpts from NAP, NDC, and KJWA Documents Relevant to Transformative Adaptation in Livestock (Cont’d)
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Table B-1  |   Excerpts from NAP, NDC, and KJWA Documents Relevant to Transformative Adaptation in Livestock (Cont’d)

COUNTRY EXCERPT DOCUMENT TYPE OF TRANSFORMATION

Uruguay

…the country aims to increase by almost 10,000 hectares the area of shelter and shade forest 
plantations for livestock and in almost 10,000 hectares the area of silvopastoral systems… INDC/NDC New production methods

A transformative change is being promoted in the management of natural grasslands 
through a new paradigm that consists in adjusting the supply of forage, regenerative 
management, and management of nitrogen inputs and outputs. Therefore, for 
2025, Uruguay has set the unconditional objective of having 1,000,000 ha of natural 
grasslands (10% of grassland area) managed under this new paradigm, which prevents 
soil from losing organic carbon and can sequester carbon.

INDC/NDC New technology/innovation

United 
States

To provide security, the USDA has established a gene bank for livestock and aquatic 
genetic resources. The collection contains more than 50,000 animals and 1 million 
samples of germplasm and various tissues. Through the publicly accessible database, 
stakeholders can view this collection and information about the various animal 
populations and the animals themselves. Stakeholders and the research community 
can also make requests for germplasm and perform research using the available 
information. Samples from the gene bank have been used for a wide array of studies.

KJWA New technology/innovation
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APPENDIX C. PLANNING QUESTIONS TO SUPPORT TRANSFORMATIVE APPROACHES FOR LIVESTOCK 
PRODUCTION SYSTEMS ADAPTATION 
Already in many countries, government and farmers and other private-sector actors are transforming livestock production to meet the growing demand for 
animal-sourced protein and other livestock products, increase incomes, and intensify agricultural production. This appendix outlines the stages of planning 
included in FAO’s NAP-Ag Guidelines (FAO 2017), to which planning questions relevant to transformative adaptation for livestock production systems have been 
added. Gender and social equity components should be explicitly considered throughout the planning process.

TRANSFORMATIVE 
STAGE TRANSFORMATION QUESTIONS

Assessing 
Climate 
Scenarios

 ▪ Are high-quality climate-risk and livestock-viability models available for the long term (more than 10 years into the future)?
 ▪ How is climate change projected to occur over decades, and how will this affect livestock production systems?
 ▪ At which scales is climate information required?
 ▪ What types of extreme or slow-onset events that affect livestock will become more likely and severe in the future? 

Assessing 
Impacts and 
Vulnerabilities 

System Description and Assessment

 ▪ What are the geographic boundaries of the livestock production system?
 ▪ What form of livestock production is taking place in this system? What breeds and species currently dominate? Are there more resilient 

options?
 ▪ What are the demographic characteristics of the livestock keepers?
 ▪ What are the agro-ecological zones of the livestock production system?
 ▪ What is the state of natural resources used by livestock and their keepers, and how will climate change affect the different ecosystems?
 ▪ What institutional and governance arrangements are in place regarding natural resource management?
 ▪ What are the critical inputs and their availability?
 ▪ What are the livestock market dynamics?

Impacts and Vulnerabilities 

 ▪ What are the short-, medium-, and long-term climate impacts on  livestock, livestock keepers, livestock inputs, livestock agro-ecologies, 
and livestock markets and trade? 

 ▪ What is the quality of livestock and climate data and assessments?
 ▪ Who are the most vulnerable to livestock production impacts and why? What role does livestock production play in the food security, liveli-

hoods, and nutrition of vulnerable populations?
 ▪ What related sectors (e.g., feed, meat, water, etc.) will be affected? 
 ▪ What kind of socio-cultural change is required for transformation?

Selecting 
Adaptation 
Options 

Engaging Stakeholders

 ▪ In livestock systems, who are the most marginalized and the most influential actors?
 ▪ What are the rights of these actors and their level of ability to participate in transformative adaptation?
 ▪ What is the involvement of the private sector? 

Selecting Adaptation Options 

 ▪ Is livestock production critical for the economy or culture?
 ▪ Are particular livestock species critical for the economy or culture? Are there gaps in livestock markets that new livestock species or 

breeds that are more climate resilient might fill?
 ▪ Is there a certain technology or methodology that could be employed at scale to promote long-term climate resilience? 
 ▪ Are there fundamental changes that can be made to preserve livestock production in the same location?
 ▪ Are there other geographic regions that may be more suitable for livestock production in the long term? 

Table C-1  |   Stages of Transformative Adaptation in the Livestock Sector and Related Questions for Planning
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TRANSFORMATIVE 
STAGE TRANSFORMATION QUESTIONS

Compiling and 
Communicating 
Priorities

Identifying Livestock Production Goals and Objectives 

 ▪ Are there currently economic and/or social transformations that are outlined in national strategic documents? 
 ▪ Is there currently a national livestock plan or regional livestock initiative that highlights sustainability, adaptation, and mitigation goals?
 ▪ Are there gender, poverty, youth, etc., initiatives that address livestock?

Prioritizing Options 

 ▪ What actions will increase productivity, increase sustainable resource use, decrease GHG emissions, and promote sustainable, long-term 
climate resilience? 

 ▪ Do the range of adaptation options include transformative interventions up front, sequenced incremental interventions for transformation, 
or both? 

 ▪ Who would benefit from these actions?
 ▪ Would other sectors need to be transformed simultaneously?
 ▪ What mechanisms would be needed to sustain the transformation?
 ▪ How can transformation in livestock production be sustainably financed by the public and private sectors?
 ▪ How can public finance catalyze private-sector investment in transformation of the livestock sector? 
 ▪ How can producers be better linked to markets, and how can value be added to livestock products?

Determining Timing of Implementation

 ▪ When do climate projections indicate that climate impacts will severely hinder livestock production? 
 ▪ What is the timing of implementation? How should this be sequenced?
 ▪ What is the urgency of the transformation? Does it need to start now?
 ▪ How are actors absorbing the changes of the transformation? 

Communicating Priorities and Planning

 ▪ Are priorities communicated to stakeholders, other ministries, and government actors in such a way that they understand that climate 
impacts may intensify over the long term and that the prioritized transformative actions in livestock may be necessary? 

 ▪ Are priorities communicated to women, indigenous people, and the extremely poor in ways that prepare them for transformative changes?
 ▪ Are mechanisms that continually engage livestock keepers established or planned to be established (e.g., effective extension services, 

climate information services, etc.)? 

Reviewing 
Integration

Mainstreaming Transformative Adaptation in Livestock Production

 ▪ Are long-term funding needs integrated into current budgets to allow for longer payment timelines?
 ▪ Do livestock, agriculture, and related ministries have the capacity and technical expertise to plan and implement transformative adapta-

tion?
 ▪ Are the necessary coordination and integration mechanisms in place to support collaboration across ministries and sectors?
 ▪ Using data on climate impacts and vulnerabilities, how should national strategies be realigned (regarding livestock and related sectors)? 

Monitoring and Evaluation (M&E)

 ▪ What livestock data should be collected? 
 ▪ What related sectors should also be monitored?
 ▪ How does the M&E system feed into changing the trajectory of the transformation if need be?
 ▪ What is the sustainable funding mechanism for the M&E?
 ▪ What are the temporal landmarks that would require M&E interventions?

Table C-1  |   Stages of Transformative Adaptation in the Livestock Sector and Related Questions for Planning (Cont’d)
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