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Country/

Region

East Africa
(Ethiopia, Kenya,
Somalia)

Sahel Region (Niger,
Mali, Burkina Faso)

Bangladesh

Andean Region

(Peru, Bolivia)

Nigeria

Mexico

Mongolia

Brazil (Amazon

Region)

India (Rajasthan)

Peru (Andean

Region)

Climate
change event

Prolonged drought
(2020-2023)

Recurrent droughts
(2018-2022)

Increased frequency
of cyclones (2019~
2021)

Glacier melt and
altered precipitation
patterns (2015
2020)

Projected climate

change impacts

Severe drought
(2011-2012)

Drud (harsh winter
following dry
summer) (2009~
2010)

Deforestation
linked to cattle

ranching

Heatwaves and
water scarcity
(2010-2015)

Glacier retreat
affecting water
availability (2000~
2010)

Direct impact
on livestock

Significant livestock
mortality due to
starvation and

dehydration

Reduced livestock
productivity due to
inadequate feed and

water

stock injuries
and deaths, reduced
milk production
Increased incidence
of livestock
diseases, reduced

pasture availability

Dedlining livestock

productivity

Decrease in cattle

and goat

populations

Massive livestock

mortality

Loss of biodiversi

soil degradation
affecting livestock
forage

Heat stress reducing
livestock
productivity,
increased disease

incidence

Reduced pasture
availability leading
to lower livestock

productivity

Indirect impact
on livelihoods

Increased food

insecurity,loss of

income, displacement

of pastoral

pastoralists to urban
areas, increased
conflct over resources
Loss of assets,
increased vulnerability

to poverty

Dec
livelihoods, food

e in traditional

insecurity

Long-term GDP
decline up to 4.5%,
increased food
imports, worsened
food security
Income loss for
livestock farmers,
increased rural

poverty

Loss of livelihoods for
nomadic herders,

increased poverty

Displacement of
indigenous
communites, conflicts

over land use

Decli

e in houschold
income, increased
indebtedness among

farmers

Loss of traditional
livelihoods, increased
migration to urban

areas

Affected
livestock
system

Pastoral systems

Transhumant

pastoralism

Small-scale dairy

farming

High-altitude

pastoralism

Mixed crop-
lvestock systems,

pastoralism

Extensive livestock

farming

Nomadic

pastoralism

Extensive cattle

ranching

Smallholder dairy

farn

High-altitude

pastoralism

Quantitative
data

Approximately 13.2
million livestock deaths

across the region

Decrease in herd sizes by

up to 50% in some areas

Economic losses
estimated at $1.5 billion

in the agricultural sector

Reduction in alpaca
populations by 30%

Projected 20-30%
reduction in crop yields
long-term GDP decline
of up to 4.5%.

Approximately 3%
decrease in cattle and

goat stocks

Approximately 17% of
the country’ livestock

perished; around 9,000
families lostall their

livestock.

Significant increase in
deforestation rates
correlating with cattle

ranching expansion

Milk yield reductions of
up to 15% during peak

summer months

Significant reduction in
available grazing land

due to shrinking glaciers

References

Henchiri et al. (2024)
and Odongo ctal.
(2025)

Igbatayo et al. (2022)
and Coly et al. (2023)

Rahman etal. (2023),
Naim et al. (2023), and
Islam (2025)

Pabon-C:

icedo etal,
0) and Liberman
1)

Cervigini etal. (2013)

Tortarolo and

llo (2019) and

Pérez and Jerez-
Ramirez (2023)
Otani etal. (2015) and
Rao etal. (2015)

Alston etal. (2000) and
Skidmore et al. (2021)

Ravindra et al. (2024)
and Kulhari et al.
(2024)

Chevallier et al. (2010)
and Buytaert etal
(2017)
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Defining the aim &scope |

("climate change" OR "extreme events" OR
"climate risk") AND ("adaptation strategies"
OR resilience) AND ("livestock farming" OR
pastoralism OR "livestock management” OR.
"livestock production)

Literature search: Scopus |
(TITLE-ABS-KEY field) |

| Additional data

ria Applied (1790 records removed) — Remaining: n = 6213 !
Book chapter, Review, Conference paper, Book, Book series, Editorial, Short survey, Note, Erratum, |

| Screening |
Letter, Data paper, Conference review and proceeding, Trade journal, Undefined | withinthe |
Inclusion and Eligibility Criteria Applied (2988 records removedy—*Remaining: n =3225 ' database |

Peer reviewed journal articles, published in English, published from 1994 to 2023, in all geographical |~~~ " i
areas, subject areas include: agricultural and biological science and social sciences

!

Duplicated removed (n=8) |

Total hits n=3217
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Adaptation
strategy

Benefits

Challenges

Implementation
feasibility

Cost
implications

Stakeholders
involved

Scalability

Resilience building
and diversification
of livestock species

and breeds

Early warning

systems

Application of

science, technology,
and innovation in
building resilience

and adaptation

Capacity building
for livestock keepers

Institutional policies
for climate-smart

livestock systems

Precision livestock
farming and data-
enabled innovations
for climate change

adaptation

Increases
adaptability to
climate stress,
improves food
security, enhances

biodiversity

Helps mitigate
disaster impacts,
reduces livestock
Tosses, allows for
timely

interventions

Develops heat and
disease-resistant
livestock, enhances
productivity and.

sustainability

Enhances
efficiency;
improves
‘monitoring, and
reduces resource

wastage

Improves
knowledge,
enhances adoption
of dlimate-smart
practices,
empowers local
communities
Provides
regulatory support,
enhances sector-
wide resilience,
ensures long-term
sustainability
Real-time
‘monitoring, data-

driven decision-

making, improves
livestock
‘management

eficiency

Resistance to
change, need for
extensive knowledge
of suitable breeds,
potential market

limitations

Requires
technological
infrastructure,
accessibility issues

for rural farmers

Requires long-term
investment, limited

access to supe

r

genetic

some

regions

High cost, limited
technical expertise,
potential lack of
infrastructure in

rural areas

Requires consistent
training, potential
resistance to new
practices, language

barriers

Bureaucratic

hurdles, policy

limited enforcement

capacity

High initial costs,
requires technical
knowledge,
dependence on
stable internet

infrastructure

High feasibility in mixed

farming systems

Moderate feasibility in
areas with good network

coverage

Moderate feasibility
depending on genetic

resource availability

Moderate to high
feasibility with

investment in R&D

High feasibility with
proper training programs

Moderate to high
feasibilty with political

will

Moderate feasibility in
rural areas, high
feasibilty in developed

regions

Low to Medium -
Costs involve
acquiring diverse
lvestock species and
farming systems, but
can be offset by
improved productivity
and resilience
Medium - Requires
investment in
meteorological data

colle

n,

communication

infrastructure, and
dissemination systems.
Medium to High -
Costs vary depending
on whether traditional
selection or advanced
genomic approaches
are used

High - Requires
sigificant investment
in research,
infrastructure, and

technology adoption

Medium - Costs

i
materials, expert

include tra

facilitation, and

outreach programs

Medium to High -
Costs depend on
policy development,
implementation, and
enforcement

structures

High - Requires
investment in IoT
devices, software, and

digital infrastructure

Livestock farmers,
breeders, researchers,

government agencies

Government agencies,
‘meteorological
departments, NGOs,

local communities

Researchers, breeding
organizations,

‘government, farmers

Universities, research
institutions, private

sector, government

Government agencies,
NGO, universities,

extension workers

Government,
policymakers,
international

organizations

Private sector, research

insti ns, tech
companies, large-scale

farmers

High - Can

be scaled across.
various agro-
ecological zones

and farm sizes

High - Can

be expanded to
cover large
‘geographic areas,
but rural
connectivity
remains a limitation
Medium to High -
Can be scaled with
investments in
breeding programs
and farmer
adoption

High - Can

be widely adopted
but requires
continuous
investment in
education and

infrastructure

High - Can
be implemented in
various

communities with
proper stakeholder

involvement

High - Policies can
be adapted across
national and

regional levels

Medium to High -
More feasible for
commercial farms
but can be adapted
for small-scale
farmers with

supportive policies
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Type of

adjustment

Target
livestock

Adjustment
details.

Objective

Possible outcomes/
Impact

Reference (s)

Rotational Grazing

Herd reduction

Shade provision

Mixed farming

systems

Intensive pasture

‘management

Agroforestry

integration

Stocking rate

adjustment

Renewable energy

integration

Nutritional

‘modification

Housing system

change

Alternative feed

resources

Ruminant animals
including cattle,

sheep, and goats

Pastoral livestock

systems

Ruminant animals

Smallholder farms

(crops and goats)

Cattle

Beef cattle

Sheep and goats

grazing systems

Livestock farms

Poultry

Poultry

Poultry

Planned grazing schedules
to allow pasture recovery

and reduce overgrazing.

Reduced herd sizes during
prolonged droughts to
match resource availability.
Constructed artificial
shade structures and
planted trees around
grazing areas.

Integrated goat farming
with crop production; used
crop residues as feed and.
manure as fertilizer.
Introduced rotational
grazing and reseeding of
degraded pastures.
Incorporated trees into
pasturelands to create
silvopastoral systems.
Reduced stocking rates
during drought to balance
grazing pressure with

pasture regrowth.

Installed solar panels to
power ventilation and
lighting systems in

livestock houses.

Inclusion of vitamin C and
Ein feed and water to

ameliorate heat stress.

‘Transition from battery
cages to enriched cage
systems with perches,
nesting boxes, and

scratching areas.

Use of nsect-based protein
(e.g. black soldier fly
larvac) as a replacement

for soybean meal in dits.

Ensure sustainable pasture

use and reduce degradation.

Minimize livestock
‘mortality during resource

scarcty.

Mitigate heat stress in dairy
attle.

Diversify income sources

and optimize resource use.

Enhance pasture
productivity and mitigate
overgrazing impacts.
Improve microclimates for
livestock and enhance

carbon storage.

Prevent overgrazing and

‘maintain pasture quality.

Reduce reliance on fossil
fuels and lower carbon

footprint.

Enhance the antioxidant

defense system to reduce
oxidative stress caused by
heat stress and improve
physiological adaptation to
high environmental

temperatures.

Improve bird welfare and
comply with animal welfare

regulations.

Reduce feed costs and
dependency on conventional

feed resources.

Improved forage availability,
increased livestock productivity,

reduced soil erosion.

Reduced herd losses, improved
remaining livestock health and

productivity.

Increased milk yield, improved
welfare, and reduced heat-

related mortality.

Improved houschold income,
enhanced soil fertlity, and

reduced feed costs.

Increased pasture biomass,
improved livestock productivity,
and carbon sequestration.
Reduced heat stress, increased
weight gain, and higher carbon

sequestration rates.

Improved pasture recovery and

sustained livestock productivity.

Lower energy costs, reduced
GHG emissions, and improved
energy efficiency.

Improved antioxidant status,
better thermoregulation,
improved performance,
increased survival rates and

economic benefs.

Improved bird welfare, increased
egg production quality, and
consumer acceptance; potential

for higher production costs.

Improved sustainabilit, reduced
feed costs, and comparable
production performance to

conventional feeds.

DeLonge and B:

e
(2017) and Henry et al
018)

Speranza (2010)

Sullivan et al. (2011) and
Masters et al. (2023)

Herrero etal. (2010),
‘Thornton and Herrero
(2014), and Thornton and
Herrero (2015)

Rust (2018)

Matocha etal. (2012) and
Quandt etal. (2023)

Savian etal. (2021)

Aroonsrimorakot et al.
(2021)

Abidin and Khatoon
(2013) and Wasti et al
(2020)

Tactacan et al. (2009) and
Renaudeau etal. (2012)

Khan (2018) and Belhadj-
Slimen etal. (2023)
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Accession number' sequence (5'-3') Orientatio Product size, bp

CCCACGTTTTCCCCTGAAA For

Cldn1 NM_001013611.2 f 6l
GCCAGCCTCACCAGTGTTG Rev
CCCAGCTGATGGCAAAGG For

Cldn2 NM_001277622.1 I 61
AGGCTGATGGCACCAAAATAGT Rev
CGAGGTGAGATCCCCGAAA For

Cldnd XM_003642382.6 f |7
GGGCGTTTGGTGCTCTTCT Rev
ACGTCGTTTTGTTCCGTTGTT For

Cldns NM_204201.2 I 57
CTCAAAGGCGCACAGATCAG Rev
CCGTGCCAAGTGTTACCAAA For

Cldng XM_004938379.5 I 148
CCCTAGGTTTAAATGGGAAGATTTT Rev
AGCATCGTCACCAACTTCTACAAC For

Cldn9 XM_004946417.5 I L6
CAGCCCCCAGCTCTCTCTT Rev
CCGCTGTCTGTCTGGGTTTC For

Cldn10 NM_001277767.2 I 59
TGTGCACTTCATCCCAACCA Rev.
TTCCCCCGGTCATCAGTATG For

Cldn11 XM_040679570.2 I 62
GTTACGTATCGCAGCGTTAGGA Rev
GAGCCTGCCTTCTCCCTTCT For

Cldni2 XM_040665727.2 67
AGAGGCATAGCTGTGCATGCT Rev
GCGGTCTCTGGAGGGATTG For

Cldn14 XM_015300231.4 I 58
AAACGGGTACCAGGCATGTG Rev
TGGCAGCCTTCACCACCTA For

Cldn15 XM_046898719.1 I 63
CGTGATTCCTTCCACTGCTTCT Rev
GCTCTGGCTTGTTGTAGGTTACAG For

Cldn16 XM_426702.6 I 72
TGTAGAGCATGAAATCACCTTAGCA Rev
CACCAAGAGCCGCATTGC For

Cldn19 XM_003642541.5 |57
CACAGACCGCAGAGGATGAA Rev
CTCGCAGGAATTTTTGGATTAGTAC For

Cldn20 XM_040667274.2 I 71
TGGTCCAGAAAATTGGAAATGA Rev
TTCGGTCCATTACGCAGTAACA For

Cldn22 XM_040699650.1 I 66
GGCCTAGTTTCAGTTTCCAAGTG Rev
TGGGATGTGCTGGAAGATGA For

Cldn23 XM_004941160.5 I 87
GTCACCGTCCTGGAGCTACAG Rev
CCACCACTCACACCCCAAA For

Cldn25 XM_004948061.5 I 58
CAGCCGAAATCCGCAGTCT Rev
GTGGGTGGCTGCTTCTACGT For

Cldn34 XM_040659461.2 F 64
AGAAGTTATGGCTCACTGGAATCAG Rev
CCGGCAACCGGGAAA For

Nectinl XM_040690205.2 I 65
GCCCTCCATCCGATTCGT Rev.
TCCGGAAGGACATAGAATACATTG For

Afdn XM_040669052.2 f 180
AGATGTGCTAGAATCCACAGATGAAT Rev
GTGGGAAGGCCTGGGTTT For

Gja3 NM_001040644.2 I 76
TTGCTATTTTCCCCCACTACAAC Rev
ACAAGCAGAACGAGATCAACCA For

Gjb1 NM_204371.3 I 69
TGCGGCGCAGCATGT Rev
TGGAGCCCTTAGGATGTTGTG For

Gjez NM_001199581.2 I 63
GAGTCGTCGGTGCCTTGGT Rev
GCTGACCGTGGTGGTGATC For

Gjd2 NM_204582.2 62
CGTACACCGTCTCCCCTACAA Rev
CCCTCTTCTTCATGGCTTTTTG For

Cgn NM_001347391.2 F RE!
CCGAGGGACACAATTGCATA Rev
GACCCTACAGCCCCACCATA For

Cdh2 NM_001001615.2 61
TGGAGCCGCTTCCTTCATAG Rev
GAATTGCCTCTTCAGAGTTTGCA For

Ctnna2 NM_205136.2 I 57
TCGTGCCCCGCTTCAC Rev
TGCCCCACTGCGTGAAC For

Ctnnbl NM_205081.3 I |58
TGCTCTAACCAGCAGCTGAACT Rev
AAGCTGTCTCTTTTGCGGAAGA For

Dsg2 XM_040664387.2 I 73
TCCCCCTGAGAATAAACCAGAA Rev
CGTGCAATACTCCAGCCAGTAA For

Dsgd XM_040664432.2 f 173
GCTAATAAGTGTTGGTGCAAGTTTCA Rev
TGGATTATGAAAATGCCAAACAA For

Dscl XM_040664420.2 I 67
AGCATGTAGGGTGCCTCATTG Rev

*AFDN, afadin; CDH2, cadherin 2; CGN, cingulin; CLDN, claudin; CTNNA2, Catenin a2; CTNNBL, Catenin B1; DSCI, desmocollin 1; DSG2, desmoglein 2; DSG4, desmoglein 4; GJA3, gap
junction protein a3; GJB1, gap junction protein p1; GJC2, gap junction protein y2; GID2, gap junction protein 31.
b Accession number refers to GenBank (National Center for Biotechnology Information-NCBI).
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Environment?

GeneP/Line®

Barrier-forming CLDNs

Cldng 12020 2244075 216+0.63 2012082 04476 05205 03395
Cldn9 12017 138041 1.62£0.58 1.30 £0.38 09475 05294 04181
Cldn22 1014 1.91 £0.68 147 £0.24 1.85+0.42 0.1429 0.6330 0.5357
Pore-forming CLDNs

Cldn2 1£033 081032 0.75£0.27 0734020 07169 05799 07786
Cldn19 1£024 109£0.27 1314033 079022 04528 09777 02713
Cldn23 1£0.09 102£0.11 0.74£0.05 094£0.07 02270 0.0682 ‘ 03557
Other TJ proteins

203 12032 5.11£220 181076 253111 06883 0.1208 04323
Ocln 1£029 1.06£0.27 0.91£0.27 048 £0.06 04613 01812 03171
Patj 12044 217£072 114027 195128 02671 09697 08402
Jama 1£037 221084 135£0.82 050£0.14 07788 02938 01123
Gap junctions

Gja3 12014 165£0.57 1712022 2152056 02009 01627 08032
Gjbl 1:0.14 0.93£0.24 091£0.12 118£0.25 06212 0.6882 04334
Gjel 12030 373£125 262£092 252077 01577 08193 0.1306
Gje2 1£0.11 121£031 110£0.23 0.69£0.16 06540 03557 0.1659
Gjd2 1£0.19 122040 113£0.23 198 £0.58 01823 02667 04414
Adherens

Cdh2 12017 136027 101018 112018 02779 0.6007 05400
Ctnnb1 1£0.09 0.81+0.07 101£0.08 101 £0.07 02634 02071 02990
Nectinl 1£0.08 097 £0.11 116£0.12 094£0.07 02601 05185 03590
Afdn 1£021 092+0.16 100£0.12 124026 0.6852 04217 04352
Desmosomes

Dsg2 12019 142028 118£0.12 130025 04857 0.8842 02312

"HS, heat stress; TN, thermoneutral.

* Afdn, afadin; Cdh2, cadherin 2; Cldn, claudin; Cnnbl, beta-catenin; Dsg2, desmoglein; Gja3, gap junction protein alpha 3; Gjb 1, gap junction protein beta I; Gjcl, gap junction protein gamma
1; Gjd2, gap junction protein delta 2; Jama, junctional adhesion molecule A; ocln, occludin; Patj, PALS1-associated tight junction protein; Z O -3, Zonula occludens protein 3.

‘HWE, high water efficient; LWE, low water efficient.
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Cluster Keywords

Cluster “Red” Adaptabiliy, beef cattle, biodiversity, Bos indicus, Bos taurus, catle, climate,
conservation, dairy cattle, digestibilty,diversity, environment, evolution, genetic
diversity, genetic resources, genetic variability genomics, global warming, goats,

grazing, growth, heat stress, heat tolerance, heritability,inbreeding, local adaptation,

‘methane, microsatelltes, pasture, pig, pigmentation, population structure,

reproduction, selection, sheep, stress, temperature, thermoregulation, va

ity

Cluster “green” Adaptation, adaptation strategies, adaptive capacity, agriculture, climate change,
climate change adaptation, climate variability, coping strategies, drought, food security,
gender, livelihood, livestock, livestock production, migration, pastoralism, perception,

rangelands, smallholder farmers, vulnerability, Kenya

Cluster “blue” Africa, climate adaptation, Ethiopia, indigenous knowledge, pastoralists, perceptions,

rangelands, resilience

ClusterMastered” Carotenoids, chlorophyll, phenotypic plasticity, photosynthesis, photosynthetic

pigment, phytoplankton, pigments

Cluster “purple” Agroforestry, diversification, mitigation, sustainability

Source: Authors compilation from the co-occurrence network map.

Concept cluster

Genetic Adaptation and Breeding Strategies
for Livestock in Response to Climate Change

Climate Adaptation and Livelihood
Resilience in Pastoral and Smallholder

Farming Systems

Indigenous Knowledge and Climate
Adaptation in African Pastoral Systems
Interdisciplinary Adaptation Mechanisms in
Agroecosystems

Sustainable Livestock Adaptation Through

Integrated Agroecosystems
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Paper Dol Total citations per year Normalized T
NARDONE A, 2010, LIVEST SCI 10.1016/31ivsci.2010.02.011 850 55.00 1376
KIJAS JW, 2012, PLOS BIOL 10.1371/fjournal pbio.1001258 637 4550 10.83
FITT RK, 2001, CORAL REEFS 10.1007/5003380100146 598 292 9.79
DERESSA TT, 2011, ] AGRIC SCI 10.1017/50021859610000687 585 39.00 10.95
FRICHOT E, 2013, MOL BIOL EVOL 10.1093/molbev/mst063 545 4192 1257
FERET JB, 2017, REMOTE SENS ENVIRON 10.1016/j.r5¢.2017.03.004 518 5756 15.33
VAN VLIET N, 2012, GLOBAL ENVIRON CHANGE  10.1016/j gloenvcha 2011.10.009 483 3450 821
DUARTE CM, 2017, FRONT MAR SCI 10.3389/fmars. 2017.00100 439 51.00 1358
DONG S, 2020, AGRIC ECOSYST ENVIRON 10.1016/jagee.2019.106684 457 76.17 2132
ROCAP G, 2002, APPL ENVIRON MICROBIOL 10.1128/AEM.68.3.1180-1191.2002 446 1858 470

Source: Author's compilation.
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Descripti Results

Main information about data

mespan (years) 19942023
Number of sources (Journals, Books, etc.) 870
Number of documents 3217
Annual growth rate % 1246
Document average age (years) 7.89
Average citations per doc (citations) 282
Document contents
Number of keywords plus (ID) 11,209
Number of author’s keywords (DE) 8841
Authors
Number of authors 13,960
Number of authors of single-authored docs 195

Authors collaboration

Number of single-authored documents 212
Number of co-authors per Doc 539
International co-authorships % 3914
Document types

Number of article 3217

Source: Author's compilation.
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Industry

Scenarios Dairy

Future emissions rate change: enteric CH, = 6.4 kt CH4/yr., Future emissions rate change: enteric CH, = 9.3 kt CH,/yr., manure
Business as Usual (BAU)

‘manure CH, = 3.7 kt CH,/yr. manure N,O = 0.058 kt N.OJyr CH, = 23.9 kt CH /yr,, manure N;O = 0.0898 kt N,O/yr
Scenario 1 (Sc1) Instant 23% reduction in enteric CH, Instant 23% reduction in enteric CH,
Scenario 2 (Sc2) Scl +additional 10% reduction in enteric CH, Scl +additional 10% reduction in enteric CH,
Scenario 3 (S¢3) Sc2 + instant 30% reduction in manure emissions Sc2 + instant 30% reduction in manure emissions

23% reduction in enteric CH, by 2040 + 85% reduction in manure

Scenario 4 (Sc4) 23% reduction in enteric CH, by 2040

CH, by 2033 + 70% reduction in manure N,O by 2033
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Greenhouse gas

Nitrous oxide

N0 and NH,

Carbon dioxide

AllGHG

Strategy

Application of manures to field

Reducing dietary protein

Dietary tannin inclusion
‘Timing of manure application

Integrated field management for carbon
sequestration

Changes in grazing management

Avoided land conversion

Improved practices for animal

productivity and health

Integrated beef & dairy system

Level observed

N,0 and CH,
122t C0y b

igation potential 037~
o

15%-33% reduction in volatile N loss

17%-57% in urinary NH, concentration
>30% reduction

629+ 9% reduction potential for GHG
emissions per unit of beef

11296  39% reduction potential for GHG
emissions per unit of land

Could lead to an annual sequestration of
up to 150 MtCOse yr.

grazing lands

in the world’s

37 + 7% reduction potential for GHG
emissions per unit of beef

Climate change mitigation potential of
3,719 Tg COjeq per year

Potential reduction of 0.2 GtCO.e yr~' by
2050

Potential reduction in carbon footprint >
50%

Citation(s)

Eagle etal. (2011) and Herrero et al. (2016)

ickson and Klopfenst
etal. (2013)

1 (2010) and Montes

Brandani etal. (2023)
Montes et al. (2013)

Cusack etal. (2021)

Herrero etal. (2016)

Cusack etal. (2021)

Cusack etal. (2021)

Herrero etal. (2016)

Tichenor etal. (2017), Stackhouse-Lawson

etal. (2012), and Laca etal. (2021)
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Strategy

Increased animal productivity (through nutrition, genetics,

health and management)

Animal breeding for low-CH, production

Nutrition—concentrates

Nutrition—improved forage quality

Vaccine for rumen microbiome and fermentation

manipulation

Early life programming

3-nitrooxypropanol

Asparagopsis taxiformis

Nitrate

Tannins

Level observed

CH, decrease potential in g/day uncertain (can
increase)

CH, decrease potential in g/kg product i low
CH4 decrease potential in g/day is medium
CH4 decrease potential in g/kg product is

medium

CH4 decrease potential in g/day ~19%

CH4 decrease potential in g/kg product ~12%
CH4 decrease potential in g/day is 10%-30%
CH4 decrease potential in g/kg product is 10%-
20%

CH, decrease potential in g/day <20% (Can
increase)

CH, decrease potential in g/kg product <20%

CH4 decrease potential in g/day is unknown
CH4 decrease potential in g/kg product is
unknown

CH, decrease potential in g/day is unknown
CH, decrease potential in g/kg product is
unknown

CH, reduction of 20-40% in g/day for beef and
dairy

CH, decrease potential in g/kg product is high
CH, reduction potential > 80% in g/day

*Issues have been observed in palatabi

CH4 decrease potential in g/day is low to medium
CH4 decrease potential in g/kg product is low to

medium

CH, reduction potential 7-16% in g/day
CH, reduction potential 8-26% per g/kg product

Citation(s)

Beauchemin et al. (2020)

Beauchemin et al. (2020) and Beauchemin et al.
(2025)

Amdt etal. (2022), Beauchemin et al. (2020), Beck
etal. (2019), and Beck et al. (2018)

Beauchemin et al. (2020), Thompson et al. (2019),
Knapp etal. (2014), and Hristov et al. (2013)

Thompson and Rowntree (2020), Knapp et al. (2014),
and Hristov et al. (2013)

Goopy (2019) and Beauchemin et al. (2020)

ez-Ruiz etal. (2015)

Dijkstra et al. (2018), Beauchemin et al. (2020), and
Yuetal. (2021)

Stefenoni etal. (2021), Roque et al. (2021), and Kinley
etal. (2020)

Beauchemin et al. (2020)

Arndt etal. (2022) and Hristov et al. (2013)
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Compai Goal? Baseline year
ADM Reduce GHG by 25% by 2035 2019
Cargill Reduce GHG per ton of product sold by 30% by 2030 2017
Innovation Center for US. Dairy GHG Neutral by 2050 for U, Dairy Industry -
Coca-Cola Reduce emissions of greenhouse gases 25% by 2030 2015
Danone Net Zero emissions by 2050 -
General Mill Inc. Net zero by 2050 2020
JBS USA Net Zero by 2040 201+
Kellogg Co. Reduce GHG from suppliers by 50% by 2050 2015
MecDonalds Net zero emissions by 2050 2015
Nestle Carbon Neutral by 2050 2018
PepsiCo, Inc. Net zero by 2040 2015
Smithfield Foods Carbon negative by 2030 -
Tyson Foods Net zero by 2050 2016
Unilever Net zero emissions by 2039 2015+
National Cattlemens Beef Association Demonstrate climate neutrality by 2040 -
Walmart Net zero emissions by 2040 2015
Yum Brands Net zero by 2050 2019

‘Company websites. *Variable Baseline year depending on scope 1,2, or 3 emission source for intermediate targets.
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Term

Climate change

commitment

Climate neutrality
Net negative emissions
Net zero carbon dioxide

(CO,) emissions.

Net zero emissions

Def

the unavoidable future climate change resulting from inertia in the geophysical and socio-econom

on

systems. Itis usually quantified in terms of

the further change in temperature, but can include other future changes.
the concept of a state in which human activities result in no net effect on the climate system. Achieving such a state would require balancing of
residual emissions with emission (carbon dioxide) removal.

a situation of net negative emissions is achieved when, as result of human activities, more greenhouse gases are removed from the atmosphere

than are emitted into i.

achieved when anthropogenic CO, emissions are balanced globally by anthropogenic CO, removals over a specified period. Net zero CO;
emissions are also referred to as carbon neutrality, net zero carbon dioxide, and carbon neutrality.

achieved when anthropogenic emissions of greenhouse gases to the atmosphere are balanced by anthropogenic removals over a specified period.
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Continuous Categories Did you purchase any Index-Based  Total (N = 157) t-value
variables Livestock Insurance package?

Yes (N, = 114) No (N, = 43)

Land size Mean (SD) 132(0.07) 120 (0.11) 129 (0.06)

Livestock Mean (SD) 233(0.14) 1.85(0.17) 220(0.13)
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Dummy variables Category Did you purchase any Index-Based Total (N = 157) X2 value
Livestock Insurance package?

Yes (N, = 114) No (N, = 43)
Off-farm Yes 44(28.03) 15.(9.55) 114(7261) 0.18
No 70 (44.59) 28(17.83) 43 (27.39)
Saving Yes 52(33.12) 62(39.49) 114 (7261) 1145%%%
No 7(4.46) 36(22.93) 36 (22.93)

% and ** Indicate the level of significance at 1 and 5%, respectively.
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Coe
Sex (men*) 0.041
Age (<25 years*) ~0.035
Education (Cannot Read Write*) 0014
Household size (<4*) 0.031
Livestock (TLU) 0.009
Land size (ha) 0022
Experience (years) 0.005
Credit (Yes*) -0.022
Saving (Yes*) ~0.605
Weather risk (¥es*) 0052
Livestock market (¥es*) -0.025
Media use (Yes*) 0559
Training (Yes*) 0.147
Insurance awareness (¥es*) 0.083
Costof premium (¥es*) 0083
Trust (¥es*) ~0.052
Accessibility (Yes*) 0.484
Extension frequency (1) ~0.0037

# and ** Indicate the level of significance at 1, and 5%, respectively. * Indicates base category.
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Variable
Sex (men*)
Age (<25 years*)

Education (Cannot
read & write)

Houschold size
(<4%)

Livestock (TLU)
Land size (ha)
Experience (years)
Credit (¥es*)
Saving (Yes*)
Weather risk
perception (Ves*)
Livestock market
(¥es®)

Livestock llness

history (Yes*)

Insurance history
(Yes®)

Costof premium
(Yes*)

Trust (Yes*)
Accessibility (Yes*)
Extension
frequency (1%)
Constant
Millslambda

Rho

Sigma

Coeff.

0972

-1.735

0012

-3.186

0771

0255

0624

-2975

~1.59

1288

2439

10270

1926

~6.665

~0318

~0.482

0023

-17.98

0.053

0913

0.058

0.605

0949

0563

1201

0367

0444

0150

1769

1152

1252

1186

4745.99

1416

2,689

2769.54

0342

0234

2061.108

0023

160
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002

2650

2100
057
414w
~168
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138

2.06%*

0001
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248+

001
002

010

~0.01

2250

#+* and ** Indicatethe level of significance at 1 and 5% respectively. *indicates base

category.
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Variables Def ion Expected signs
Age Age of household head (year) +
Sex Sex of household head, 1 if a man and 0 otherwise. +
Family size Family size of a household in Adult Equivalent (AE) +
Education Education of household head in years of schooling

Experience Respondents loss experience of livestock (dummy) +
Land size “Total land holding in hectares +
Livestock Totallivestock holding in Tropical Livestock Unit

Off-farm Dummy for participation in off-farm activities: 1 = Yes, 0 = No +
Credit Whether a houschold head receives credit, 1 = yes,0 = no +
Insurance history Whether a household had a previous history of insurance, 1 = yes,0 = no +
Costof premium Household perception about the affordability of the cost of IBLI premium, 1 = yes,0 = no -
Trust Household perception about trust built on IBLI schemes, 1 = yes,0 = no +
Training ‘Whether the respondents have received training on IBLL, 1 = yes, 0 = no +
Membership Number of social groups households have been members +
Weather risk perception Dummy for weather risk perception: 1 = yes, 0 otherwise. +
Climate information Dummy for receiving climate warning information: 1 = yes, 0 otherwise +
Institutional support Institutional support obtained from government organizations (GOs) and non-government organizations +

(NGOs), 1 = yes,0 = no

Insurance awareness. Dummy for having awareness about insurance, 1 = yes0 = no

Extension Frequency of extension agents’ contact +
Livestock market Availability of diverse livestock market outlets 1 = yes,0 = no +
Livestock illness history Whether the houschold experience livestock diseases during the past 1 year, 1 = yes,0 = no +
Accessibility Accessibility of a household to the insurance agents in their locality, 1 = yes,0 = no +

Media Frequency (per week) to attend radio for insurance information +
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Variables Categories Did you purchase an Index-Based Total (N = 157)
Livestock Insurance package?

Yes (N, = 114) No (N, = 43)
Sex Men 64(40.76) 34(21.66) 98 (62.42) 6994+
Women 50 (31.85) 9(573) 59(37.58)
Age <25 years 19(12.10) 13(8.28) 32(20.38) 22520
25-35 years 52(33.12) 30019.11) 82(52.23)
36-45 years 26 (16.56) 0. 16(16.56)
> 45 years 17(10.83) 0 17(10.83)
Education Cannot read and write 95(60.51) 39 (24.84) 134 (85.35) 258
Grade 1-4 13 (8.28) 4(255) 17(10.83)
Grade 5-8 4(255) 0 4(255)
Grade 9-12 2(127) 0 2(1.27)
Household size 1-3 8(5.10) 0 8(5.10) 971
4-6 29(18.47) 21(1338) 50 (31.85)
>6 77 (49.04) 22(14.01) 99 (63.06)

##%,and ** Indicate the level of significance at 1 and 5% respectively.
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