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1. Setting the Stage: Global food, livestock, and dairy systems emissions & targets

2. It’s not the Cow, it’s the How: Greenhouse gas (GHG) emissions mitigation 

opportunities in the Slovak dairy sector

3. Policy & Partnerships: Leveraging public-private partnerships to achieve sustainable 

dairy production

4. Feeding & Educating the Next Generation for a Sustainable Future
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Global livestock, and dairy systems GHG 
emissions
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• Commitment to carbon neutrality by 2050

• Goal to reduce GHG emissions by 20% by 2030 (Greener Slovakia)

• Average per capita GHG emissions < EU average

• Decoupling of GHG emissions and economic performance

• Agriculture accounted for only 7% of Slovakian GHG emissions in 2019

– Agricultural emissions: 76.3% of methane and 90% of nitrous oxide
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Slovakia Greenhouse Gas (GHG) Emissions Targets

Dr. Emma Bratton - Embassy Science Fellow

Presenter Notes
Presentation Notes
Source: EU progress on climate action – Slovakia; Greener Slovakia Strategy; IMF Climate Mitigation in SlovakiaI wanted to start by outlining Slovakia’s greenhouse gas (GHG) emissions targets, and how Slovakia’s agricultural industry contributes to their overall GHG emissions as this is the call to action that brings us all here today.Slovakia has made ambitious climate commitments, despite already doing relatively well when it comes to GHG emissions when compared to other EU member statesIn 2019, Slovakia committed to achieve carbon neutrality by 2050. In addition, the Greener Slovakia strategy has committed to reduce GHG emissions by 20% (compared to 2005 levels) by 2030. Already, Slovakia’s per capita (or per person) GHG emissions are < EU average at 7.7 tons CO2 equivalent compared to 8.4 tons CO2 equivalentSlovakia also has one of the fastest growing economies in the EU w/real GDP increasing by 61% b/w 2005 & 2019. Over this same period, per capita GHG emissions decreased by 19.7%. This shows that economic growth is possible while decreasing GHG emissionsIn 2019, Slovakia’s net GHG emissions were 35.3 megatons of CO2 equivalents; this takes into account that land use change and forests act as a carbon sinkIn 2019, agriculture only accounted for 7% of Slovakia’s GHG emissions but can provide a large share of emissions mitigation potential via methane emissions reduction and soil carbon sequestration as agricultural emissions accounted for 76.3% of overall methane emissions and 90% of nitrous oxide emissions (from soil).It should also be noted that there is a lack of data on GHG emissions from the agricultural sector compared to other sectors in Slovakia. It would be useful to perform an agriculture sector GHG emissions inventory to establish an accurate baseline, and specifically drill down into different sub-sectors, e.g. dairy.All of this shows that there is an urgent need to mitigate Slovakia’s GHG emissions, but the strategies of how to do this are complex and require rapid, transformational changes in policies, research, and farming practices.
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• Breakdown of emissions from food 

production

• Greenhouse gases: CO2, CH4, NO2

• Not all gases behave the same!

• 14% of global GHG emissions 

attributed to animal agriculture

• Focus on methane

Global Food System GHG 
Emissions

Dr. Emma Bratton - Embassy Science Fellow

Presenter Notes
Presentation Notes
Source: Our World in DataAccording to a meta-analysis published in Science in 2018 and visualized on the right, the world produces 52.3 billion tonnes of CO2 equivalents, with only 26% of those greenhouse gas (GHG) emissions coming from food productionFood production contributes to GHG emissions in several ways, including food processing, transportation, packaging and sale—supply chain; livestock and fish farming; crop production for animal feed and human food; and land use for livestock and human food productionGHG include carbon dioxide (CO2), methane (CH4)--the focus of the presentation today, and nitrous oxide (NO2)GHG are measured in CO2-equivalents as not all GHG have the same effect on our climate (more on that later), and it is important to have a consistent unit of measure. The chart on the right show emissions in CO2 equivalentsApproximately 26% of total GHG emissions are attributable to the food system, with 47% of that or 14% of the global total attributed to livestock (and fish) systemsAgriculture is the largest emitter of non-CO2 gases, including methane. But why is methane so important?



Methane
• Short atmospheric lifespan

• ~17% of global GHG emissions from 

human activities

• GWP100: 28-36
• Main sources of emissions: 

– Animal agriculture

– Fracking & transportation

– Landfills

Carbon Dioxide

• Long atmospheric lifespan

• ~76% of global GHG emissions

• GWP100: 1

• Main sources of emissions:

– Electricity & heat

– Transportation

– Manufacturing & construction
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Methane (CH4) v. Carbon Dioxide (CO2)
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Presenter Notes
Presentation Notes
Source: Our World in Data; FAO Five Practical Actions towards Low Carbon LivestockMethane is a very short-lived gas. This means that after it accumulates in the atmosphere, it is removed in about 12.4 years, unlike CO2 which can stay in the atmosphere for hundreds to thousands of years. This means that reducing methane emissions now results in more immediate reductions in methane concentrations in the atmosphere, which can help mitigate the effects of climate change more quickly.Methane also accounts for a relatively small percentage, about 1/6, of total GHG emissions.That said, methane has high global warming potential (GWP100) compared to CO2. GWP represents the amount of downward-directed radiant energy on the earth’s surface influenced by a unit of mass of a given substance over a given time horizon, in this case 100 years. So, in this case methane has a 28-36x stronger influence on Earth surface warming than CO2. It is this large effect on global warming that makes methane emissions mitigation so important to mitigating global climate change. Livestock—all animal agriculture together, not just dairy cattle—produce 32% of global methane emissions (https://www.fao.org/in-action/enteric-methane/en/). This means that the animal agricultural sector has an outsized potential to reduce climate change effects quickly by reducing methane emissions



• Voluntary commitment by >150 partner countries, including Slovakia

• Potential to avoid >0.2˚C of warming by 2050

• Commitments:

– Reduce methane emissions from all sectors by at least 30% below 2020 levels by 
2030

– Abatement of agricultural emissions via technology & innovation

– Policy transparency & annual reporting

– Highest tier IPCC good practice inventory methodologies

– Support existing international methane emissions reduction initiatives
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Methane Emissions Targets – Global Methane Pledge 

Dr. Emma Bratton - Embassy Science Fellow

Presenter Notes
Presentation Notes
Source: Global Methane Pledge (https://www.globalmethanepledge.org/), https://www.state.gov/global-methane-pledge-from-moment-to-momentum/ Recognizing the importance of methane emissions reduction in reducing overall global warming and achieving the Paris Agreement goal of limiting overall global warning to 1.5C, >150 countries representing almost 50% of global anthropogenic methane emissions agreed to reduce global anthropogenic methane emissions across all sectors by at least 30% below 2020 levels by 2030. Slovakia is one of the countries that has made this commitment.This amounts to preventing >8 gigatons of CO2 e emissions annually by 2030 and the potential to avoid >0.2 C of warming by 2050 due to methane’s high GWPSince the initial commitment was signed in November 2021, additional countries, including Slovakia, have signed on, and hundreds of millions of dollars have been put towards agricultural technology and innovation to support the abatement of methane emissions from agriculture, including a new Enteric Methane Research & Development Accelerator and livestock-related methane emissions reduction research via the Agricultural Innovation Mission for Climate (AIM4C)This commitment includes using the highest tier Intergovernmental Panel on Climate Change (IPCC) good practice inventory methodologies to measure emissions abatement, and a commitment to policy transparency and annual reporting on progressThe pledge also includes commitment to support existing international methane emissions reduction initiatives



• Total global dairy cattle methane emissions – 1,246.746 Million tonnes CO2eq
• Methane missions from enteric fermentation – 1,088.310 M tCO2eq
• Methane emissions from manure – 158.436 M tCO2eq
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Global Dairy Methane Emissions – GLEAM Data

Dr. Emma Bratton - Embassy Science Fellow

Presenter Notes
Presentation Notes
Source: GLEAM (Global Livestock Emissions Assessment Model) 3.0, Climate  https://www.fao.org/gleam/dashboard/en/, Climate Change & the Global Dairy Sector (FAO); Peterson & Mitloehner, 2021This figure and source data comes from the Global Livestock Emissions Assessment Model, or GLEAM, produced by FAO; latest data from 2015. As you can see, the methane emissions from dairy cattle production come from enteric fermentation and manure.“Enteric fermentation” refers to the process of bacteria in the rumen, the cattle forestomach, breaking down forage (grass) and other feed into digestible components and releasing methane gas in the process. This gas is then expelled from the cattle via burpsMethane emissions from cattle manure occurs when manure decomposes under anaerobic, conditions, or when oxygen is absent. Thus, the scale of these emissions is dependent on storage methods, cattle diet, and bedding type. As you can see from the figure, the only significant methane emissions from cattle manure are from the dairy sector as this manure is most often stored in lagoons, which are an anerobic environment, as opposed to being spread on pasture.From 2005 to 2015, milk production has increased by 30%, the global dairy herd increased by 11%, and global average milk yield increased by 15%. That said, global dairy methane emissions only increased by 18% meaning that dairy production increased at a faster rate than GHG emissions and the dairy cattle population, showing increased efficiency from the global dairy sector

https://www.fao.org/gleam/dashboard/en/
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• Proportion of methane emissions is 
large & rising (62.7% to 63.3%)

• Proportion from enteric 
fermentation is large & rising (57.3% 
to 58.5%)

• Reducing methane emissions 
from enteric fermentation is 
key to dairy sector GHG 
emissions mitigation
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Global Dairy Emissions – 
FAO Data

Dr. Emma Bratton - Embassy Science Fellow

Presenter Notes
Presentation Notes
Source: Climate Change & the Global Dairy Cattle Sector, FAO 2019Drilling down deeper into the data on trends for global dairy GHG emissions, I wanted to look at data from FAO from 2005 (top) and 2015 (bottom). I wanted to point out a couple of things.First, highlighting the share of emissions from the global dairy sector that is from methane, which was 62.7% in 2005 and was 63.3% in 2015. So not only does methane comprise a majority of dairy GHG emissions, but that proportion is increasing over time.Second, within the methane emissions, which come from enteric fermentation or manure as previously discussed, the share of methane emissions from enteric fermentation has increased from 57.3% to 58.5%.That said, these increases over time are relatively minor. The main takeaway is that reducing methane emissions from enteric fermentation has the greatest potential to reduce overall GHG emissions from the dairy sector.If they ask about the other parts of the pie chart:LUC, emissions from the expansion ofcropland for feed production;Feed CO₂, emissions from the production,processing and transport of feed;Feed N₂O: direct and indirect emissionsfrom fertilizer application, applied anddeposited manure, and decomposition ofcrop residues;Direct energy CO₂, emissions from energyuse on-farm (milking, heating, ventilationetc.);Indirect energy CO₂, emissions related tothe construction of on-farm buildings andmachinery;Manure management, CH₄ and N₂Oemissions from manure storage andprocessing.



It’s not the Cow, it’s the How: GHG 
emissions mitigation opportunities in the 
Slovak dairy sector

10Dr. Emma Bratton - Embassy Science Fellow
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• Farm size & type

• Dairy production & trends

– Milk yield

– Age at first calving (AFC)

– Productive lifespan

Slovakian Dairy Sector – 
On Farm

Dr. Emma Bratton - Embassy Science Fellow

Presenter Notes
Presentation Notes
Sources: Ing. Miroslav Záhradník, National Agriculture and Food Centre, Research Institute for Animal Production Nitra presentation (except where noted); https://extension.psu.edu/have-your-cows-repaid-their-debtsCaveat that others in the room are experts on the Slovakia dairy & agricultural sectors; this is my basic understanding.Dairy farms vary from intensive w/>200 cows/herd to extensive w/as little as 1 cow/herdIntensive farms are primarily in the southern lowlands, have primarily Holstein cattle, feed TMR, have relatively high innovation uptake, and conduct formal processing & sale through larger industrial channelsExtensive systems have lower feed costs (<4 euros/day), have primarily Pinzgau and Simmental-Fleckvieh cattle, use low-cost technology, and conduct their own/on-farm processing & direct marketing to consumersAnnual milk yield per cow = 6,667.5 liters or 1,761.4 gallons (2016) Source: https://www.ceicdata.com/en/slovakia/agricultural-production-livestock/Average Holstein cow produces 2674 gallons or 10,122.2 liters of milk/lactation (Source: https://www.holsteinusa.com/holstein_breed/holstein101.html#:~:text=Holstein%20cows%20give%20more%20milk,gallons%2C%20of%20milk%20each%20lactation.)This trend has been moving upward from 2005 to 2016, although this trend did slightly decline from 2015 to 2016Age at first calving (2016) = 787 days or ~26 months of age; downward trend from 2009, which is good!As calculated by Ing. Zahradnik, compared to a baseline of AFC of 24 months and 28 Euro/100 kg milk, dairy farmers are losing an average of 104.16 Euros/cow at an AFC of 26 months. The loss in profits are due to the lost time producing milk and the increased input costs of raising a heifer for longer while she is not producing milk. In turn, increased AFC has a negative impact on a cow’s productive lifespanProductive lifespan (2016) = 946 days or ~2 years and 7 monthsAs you probably know, it takes 2 lactations for a cow to “pay back” the farm for input costs of raising her as a heifer before she was producing milk. This means that, on average, Slovakian dairy cattle only have 159 days or ~5 months of net profitable production time. This number may, in actuality, be even lower depending on heifer rearing costs.In a review by DeVries & Marcondes in 2020, the average productive lifespan for dairy cattle in developed countries was 2.5-4 years (DeVries & Marcondes, 2020)Dairy cows are culled, or removed from the herd, for several reasons. In a review focusing on dairy cow longevity in high milk-producing countries, it was shown that the most common reason for culling of first and second lactation cows was reproduction issues (Dallago et al., 2021). This represents a significant cost to producers as these lactating dairy cows need to be replaced, often by heifers that require high input costs without getting a return on investment until years later.In summary, Slovakian dairy farms range in size, breed of cattle raised, and productivity. Yet on average, there is opportunity for improvement in the areas of milk yield, age at first calving, and productive lifespan to improve milk productivity and efficiency for the nation.
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• Kg CO2 eq / unit of food produced

• Decreased intensity with 

increased efficiency

• Mitigation potential for systems that 

produce <2000 kg FPCM/year
• Evidence-based targeting & 

managing trade-offs

FAO, Five practical actions towards low-carbon livestock, 2019

GHG Emissions Intensity
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Presenter Notes
Presentation Notes
Sources: FAO 5 actions for low-carbon livestock from GLEAM 2; Climate Change & the Global Dairy Sector (FAO); NMPF Climate Policy-  	Why does production efficiency matter? In addition to economic and food security benefits, production efficiency is also good for the climate-	GHG emissions intensity is the amount of GHG emitted for a standard amount of food produced. This can be measured by volume, weight, or nutrient contentThis graph shows national averages of GHG emissions intensities for milk production, measured as kilograms of CO2 equivalent per unit of fat and protein-corrected milk (FPCM). As you can see, there is a negative relationship between GHG emission intensity and productivity, showing that more productive dairy systems are also less emissions-intense. Specifically, national dairy systems that produce <2000 kg FPCM [animation], shown in the two left-most grid columns on the graph, have the most significant GHG emissions mitigation potential by increasing their efficiency and productivityOverall, dairy emissions intensities are lowest in developed nations (1.3-1.4 kg CO2 eq/fat-and-protein corrected milk in 2015) where production efficiencies are highest. In less developed nations, emissions intensities can be as high as 4.1-6.7 kg CO2eq/FPCM. These emissions intensities can also vary significantly on the national, regional, and even farm level.What this graph doesn’t show is that global dairy GHG emissions intensities have been decreasing over time. From 2005 to 2015, global dairy GHG emissions intensity has decreased by 11%. In the US, GHG emissions intensity for the dairy industry has decreased by 19% between 2007 to 2017, along with significant decreases in water and land use over the same period.In this way, looking at GHG emissions intensity allows farmers and policy makers to target systems in an evidence-based way and manage trade-offs between environmental externalities with positive attributes of the dairy sectorWe need to focus on changing the trajectory of GHG emissions and “bending the curve” downwards when it comes to GHG emissions as productivity increases.



• Economic growth
• Methane emissions reduction
• Improved nutrition
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“Triple-Win” Scenario

Dr. Emma Bratton - Embassy Science Fellow

Presenter Notes
Presentation Notes
Improving net dairy GHG emissions reductions must involve improving production efficiencies, capturing and sequestering carbon, and incorporating circular bioeconomy principles into the dairy industry.By improving production efficiencies in dairy systems in Slovakia, a “triple-win” scenario can be achieved by increasing sustainable economic growth via the dairy sector, reducing GHG emissions intensity, and improving nutrition for humans (and cattle).
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Presenter Notes
Presentation Notes
Source: US Dairy Net Zero Initiative, August 2022So what does this look like on a farm level? It is critical to look at a dairy farm as a system that encompasses not just the cattle, but the feed, the energy used to power milk pumps, lights, and other equipment, and waste (manure) produced.Looking from this systems lens, enteric fermentation due to rumen digestion of feed and forage contributes the most to GHG emissions at 35% of the total. This is followed by manure at 33% of the total, followed by feed (26%) and energy (only 6%). This is a reminder that this is looking at TOTAL GHG emissions, which includes CO2 and NO2. When looking just at methane, the emissions are solely from enteric fermentation and manure.That said, all four of these areas provide ample mitigation opportunities outlined on this slide, including improvements in diet, genetics, cow welfare, and herd management to reduce emissions from enteric fermentation; anaerobic digestion, renewable fertilizers, and drying technology to reduce emissions from manure; using no or low-till farming techniques, cover crops, and precision agriculture to increase soil carbon sequestration for feed cultivation; and using energy-efficient and renewable energy-powered equipment.Which area is most important to focus on depends on the farm system, including where peak efficiencies lie and where systems can be made more efficient and productive. For example, less productive and efficient farms will likely see their emissions reduction potential focused on enteric emissions, while more productive farms will likely focus their efforts on manure, feed, and energy.
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Circular Bioeconomy
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Dr. Emma Bratton - Embassy Science Fellow

Presenter Notes
Presentation Notes
Sources: FAO 5 actions for low-carbon livestock; van Zanten et al. 2023; Climate change & global dairy sector – FAO report; Muscat et al. 2021One concept that is important when thinking about optimizing production while limiting environmental impacts is the concept of the Circular Bioeconomy. The basic principle is that resources are recycled at every possible step in the production process so that nothing is wasted. This creates a “closed” system where waste from one process becomes the inputs for another, as illustrated in the diagram above.Van Zanten et al. in a recently published paper in Nature Food calculated a potential reduction of 22% in per capita agricultural GHG emissions while maintaining current protein supply and consumption in a modeled circular European food system.This move towards a circular bioeconomy for Slovakia and Europe will necessitate both public and private sector buy-in. Markets will need to exist for climate-smart innovations and input products generated from waste substances from other production processes. There will also need to be systems in place for waste from other sectors, e.g. food waste, to act as inputs for dairy production.Minimizing production of new resources, avoiding wasting resources, closing nutrient loops, extending life cycle of resources, using and recycling byproducts from agroecosystems will lead to positive climate impacts 



1. Increasing dairy production efficiency to decrease methane emissions intensity

2. Altering manure management systems

3. Increasing circularity & carbon sinks

16

Dairy Methane Emissions Mitigation Principles

Dr. Emma Bratton - Embassy Science Fellow

Presenter Notes
Presentation Notes
Source: Developing livestock carbon credits in SSA workshop, McKinsey, June 8, 2023; Greener Slovakia Strategy; Low-Carbon Development Strategy (LCDS) of SlovakiaTaking into account that the major source of methane emissions from dairy production is enteric fermentation and the need to increase dairy production while moving towards a climate-neutral Slovakia by 2050, I propose focusing on the following principles when choosing the most effective on-farm methane emissions mitigation strategies for Slovakia’s dairy sector.First, increasing production efficiency to decrease methane emissions intensity. This includes improving animal health and disease control and prevention; optimizing feed composition & diet formulations; optimizing breeding systems; and setting up market systems to maximize productivity. These strategies and others will lead to a more efficient dairy sector in SlovakiaSecond, altering manure management systems. This will include altering manure storage and processing to decrease methane emissions and increase on-farm revenues.Finally, increasing circularity and carbon sinks. This includes increasing soil carbon storage from grazing management strategies, as many Slovakian dairy farms use extensive management systems, incorporating agroforestry and silvopastoral production systems, and creating and utilizing markets for on-farm waste and minimizing food loss and waste.In the Greener Slovakia Strategy and the Low-Carbon Development Strategy of Slovakia, some climate-smart dairy practices were already outlined, including improved farm technology, improved animal feeding strategies, changing manure storage practices, and increasing incentives for farmers to adopt climate-smart practices. I will highlight some of these strategies in the next several slides as ways to help mitigate methane emissions from dairy production.
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Animal production efficiency

1. Optimize diet formulations

2. Optimize breeding systems

3. Improve information and 

technology integration & spread

4. Set up or integrate market systems

5. Improve animal health and 

biosecurity

Strategies for Decreased 
Dairy Methane Emissions

Dr. Emma Bratton - Embassy Science Fellow

Presenter Notes
Presentation Notes
Source: Developing livestock carbon credits in SSA workshop, McKinsey, June 8, 2023; FAO 5 practical actions towards low-carbon livestock 2019Before drilling down into specific strategies associated with each of these three principles, I want to note that my goal is to present a menu of options, that I am highlighting due to their mitigation potential. Whether or not a specific strategy will work for a specific farm is dependent on the state of that farm’s economic, ecological, and production systems, and the wider policy and market systems environment that can support the intervention (more on that later). Thus, prioritizing which strategy will work to optimize methane emissions mitigation in which context should be a farm-specific decision. Among the major ways for livestock systems to both mitigate and adapt to climate change are improvements in livestock production efficiencies made through better livestock health, genetics and feeds. (https://www.ilri.org/news/ilris-jimmy-smith-bringing-science-based-nuance-and-clarity-todays-polarized-livestock-debates)FAO estimates a mitigation potential of 1,726 Million tons of CO2 equivalent, or 37% of total GHG emissions, from the global cattle production sector by implementing climate-smart practices already in use by neighboring producers under similar conditions. (FAO, GLEAM)These production efficiencies include optimizing breeding systems, improving animal health & biosecurity, and improving information and technology integration and spread to enhance the uptake of more efficient, climate-smart practices.Diet formulations are also key to mitigating GHG emissions from cattle. Cattle fed on poor-quality natural pasture grasses and crop residues emit larger amounts of enteric methane than those fed on better-quality feeds. Using better feeds and feeding techniques can also reduce the amount of methane released by decomposing manure. Furthermore certain diet changes, including feed additives, can directly lead to reduced methane emissions.Setting up or integrating market systems to support climate-smart practices and commodities is key to farmer uptake, economic sustainability and profitability of these practices. This will also increase farmer profits and thus on-farm productivity.



18

Manure management

1. Anaerobic digestion

2. Composting

Strategies for Decreased 
Dairy Methane Emissions

Dr. Emma Bratton - Embassy Science Fellow

Presenter Notes
Presentation Notes
Source: FAO 5 practical actions towards low-carbon livestock 2019; https://www.epa.gov/agstar/practices-reduce-methane-emissions-livestock-manure-managementAdjusting the way that dairy cattle manure is stored and treated can help reduce methane emissions from dairy cattle production up to 100% compared to storing manure in an uncovered anaerobic lagoon, according to the US Environmental Protection Agency (EPA). The manure management strategy with the highest methane mitigation potential is anaerobic digestion, in which microorganisms digest liquid manure and the resulting methane is used as “biogas” is used to fuel on- or off-farm machinery. Thus, this system not only captures and reuses methane emissions that would normally be released from manure storage, but can also replace fossil fuel use, leading to a more circular bioeconomy.Composting is another way to reduce methane emissions by up to 90% and recycle waste on-farm, thus optimizing the nutrient-generating potential of cattle waste. This process involves aerobic, or oxygen-rich, digestion of manure by microorganisms and a combination of moisture and high-nitrogen (manure) and high-carbon (e.g. bedding or wood chips) material. This method decreases methane emissions due to the aerobic processing of the manure. Other manure management strategies that result in 80-90% methane emissions reductions are daily spread (i.e. applying manure that is stored in the barn daily to crop fields), solid storage, manure drying, semi-permeable covers for open manure storage, and decreasing manure storage time.It should also be noted that pasture management can reduce methane emissions up to 90% due to the manure being able to degrade in oxygenated conditions. Under this type of productions system, manure can also return carbon and other nutrients to the soil directly.
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Circular Bioeconomy & Carbon 
Sinks

1. Grazing management

2. Integrated crop-livestock systems

3. Agroforestry & silvopastoral 
systems

4. Minimizing on-farm & off-farm 
losses

Strategies for Decreased 
Dairy Methane Emissions

Dr. Emma Bratton - Embassy Science Fellow

Presenter Notes
Presentation Notes
Source: FAO 5 practical actions towards low-carbon livestock 2019Finally, a critical principle for achieving carbon neutrality in the dairy sector is increasing carbon sinks. Improving land and natural resource management has significant GHG emissions mitigation potential. The global land-based carbon removals potential associated with the expansion of agroforestry systems and improved pasture management is approximately 7.0 GtCO2/year (Source: Costa C. Jr. et al. 2022; from Griscom et al.,2017; Jia et al., 2019; Roe et al., 2021)Grazing management can have an outsized effect on soil carbon and can help achieve net zero emissions from livestock systems. For example, White Oak Pastures, a beef farm in the US, was able to sequester 35 kg CO2 eq/kg of meat in their soil by using a regenerative grazing practice that allows degraded land to regenerate. (Source: https://blog.whiteoakpastures.com/hubfs/WOP-LCA-Quantis-2019.pdf)Incorporating crops into dairy cattle systems can reduce net GHG emissions, recycle nutrients, and make dairy production more circular by using animal manure as crop fertilizer and crops grown on-farm to feed cattle. Agroforestry and silvopastoral systems, specifically, incorporate agroecological principles to help preserve biodiversity and act as carbon sinks. (Source: https://www.worldbank.org/en/topic/agriculture/brief/moving-towards-sustainability-the-livestock-sector-and-the-world-bank)If food loss and waste were a country, it would be the third largest producer of carbon dioxide in the world. (Source: https://www.fao.org/3/i3347e/i3347e.pdf). For dairy, around 20% of dairy products are wasted, globally. Although 55% of this occurs at the consumer level, that means that nearly half of that food loss could be mitigated higher up in the dairy supply chain. (Source: https://www.foodnavigator.com/Article/2022/07/08/IFF-discusses-tackling-food-waste-in-dairy#)Now that I’ve outlined the potential GHG emissions mitigation benefits of these strategies, I will dive deeper into each of these strategies to further illustrate what each one entails and emphasize the pros, cons, and potential feasibility based on local contexts.
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• Global Farm Animals Ration 
Programs - Vietnam

• Locally-relevant and easily accessible 
information

• Economically & environmentally 
efficient

• Feed additives, e.g. Bovaer
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Optimized Diet 
Formulations – GFARP

Dr. Emma Bratton - Embassy Science Fellow

Presenter Notes
Presentation Notes
Sources: Agrilinks GFARP article (https://agrilinks.org/post/ration-formulation-software-enhances-farmer-productivity-decreases-emission-intensity-and); UC Davis GFARP tool info (https://geosoftware.faculty.ucdavis.edu/); Bel milk & Bovaer feed additive (https://www.dsm-firmenich.com/corporate/news/press-releases/2023/bel-is-rolling-out-bovaer-across-slovakian-dairy-chain.html)Optimizing diet formulations to achieve maximum feed efficiency in milk production has the potential to significantly decrease GHG emissions intensities in dairy production systems, reduce feed costs, and thus improve both economic and environmental efficiency. The Global Farm Animals Ration Programs, or GFARP, was developed as part of a United States Department of Agriculture Foreign Agricultural Services (USDA FAS) program to reduce GHG emissions and improve productivity on smallholder livestock farms. This software integrates >1,000 local feeds and byproducts with the nutrient requirements of dairy cattle. The software has been translated into 7 languages, incorporating feed libraries for 5 production systems in 7 different countries (Burkina Faso, Eritrea, Ethiopia, Cambodia, Laos, Nigeria, USA, Vietnam). This makes the system accessible to smallholder farmers and responsive to local feed availability. Slovakia is listed as a potential country where this tool could be integrated.Although data from this specific tool is not available, a study of Tanzania’s dairy sector showed that better feeding could increase milk yields by 60.1% and reduce emissions intensities up to 52.4% (Hawkins et al. 2021).Additionally, feed additives also have enormous methane emissions reduction potential. According to a recently published paper, microalgal additives to cattle feed have the potential to reduce methane emissions from enteric fermentation by an average of 46%. (Almaraz et al. 2023)Specifically, the Bovaer feed additive has been adopted by the Bel group in Slovakia. It is estimated that this will help reduce methane emissions by about 25% per farm with a total yearly reduction of 11,000 tons of CO2 equivalent emissions across Central Europe and the UK. This also creates a clear message to consumers of Babybel cheese that Slovakian cows that produce this cheese are raised in a climate-smart way.
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• Calving interval

• Estrus detection

• Artificial insemination (AI)

• Embryo transfer (ET)

Hristov et al. 2013a

Optimized Breeding 
Systems 

Dr. Emma Bratton - Embassy Science Fellow

Presenter Notes
Presentation Notes
Source: Diavao et al. 2023As previously mentioned, one of the top reasons for culling first and second lactation cows, which have the highest milk yields of their lifetimes, is reproductive issues. Optimized breeding protocols can thus significantly decrease herd turnover rates, increase a dairy cow’s days in milk, increase feed efficiencies, increase farm profit/cost ratios, and decrease GHG emissions intensity.For example, Wall et al. (2012) estimated that decreasing calving interval from 18 to 12 months decreased GHG emissions by 157 tonnes of CO2 eq per farm per year, even when annual herd milk yield was kept constant. That said, other studies have shown that increasing calving interval could decrease GHG emissions if days in milk and dry days per cow are optimized, i.e. raised and lowered, respectively.Accurate and timely detection of estrus can also significantly improve breeding efficiency on dairy farms. According to a UK study, efficiency of estrus detection and the reduced time to breeding after calving resulted in an average of 3.6% reduction in methane emissions/L of milk. (Archer et al. 2015)Artificial insemination (AI) is essential to improve a dairy herd’s efficiency by increasing milk production without herd expansion. Gansworthy 2004 showed that decreasing days to first insemination, and increasing conception rate to first AI results in a 24% reduction in methane emissions.The table on the right, adapted from Hristov et al. 2013, outlines the reproductive management strategies and how they will affect methane and nitrous oxide emissions. As shown, AI and embryo transfer have the highest relative success in decreasing GHG emissions, and AI also has only a moderate level of input required to achieve this.Finally, embryo transfer (ET), consisting of transferring a viable embryo from a genetically superior donor cow to the uterine horn of a receiving cow, has the potential to quickly maximize the gene pool of a herd but requires relatively high cost, training, and time (see table above). That said, ET can reduce methane emissions intensity by increasing conception rate and allowing the reduction of low producing cow populations in the herd. Only if mentioned/asked about:ET can also aid in increasing cow’s adaptability to climate change-induced heat stress by increasing the pregnancy rate in heat stressed cows by 81% compared to the prostaglandin plus estrus technique. (Baruselli et al, 2020)
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• Heifer International

• Trainings & community knowledge

• Animal husbandry

• Veterinary services

Heifer International; Russel Powell

Improved Technology & 
Information Integration - 
DigiCow Dairy

Dr. Emma Bratton - Embassy Science Fellow

Presenter Notes
Presentation Notes
Sources: 5 Actions for Low-Carbon Livestock; https://www.heifer.org/blog/how-heifer-prevents-zoonotic-diseases-improves-animal-well-being.html Improving access to technology and information is key to improving dairy cattle productivity, health, and wellbeing. Heifer International recognized this, and partnered with Farming Tech Solutions Limited, a mobile tech company, to distribute the DigiCow Dairy app to smallholder farmers in Kenya. This digital app provides dairy farmers with real-time information on dairy cow husbandry, virtual trainings, and allows them to schedule on-demand, quality veterinary services and crowd source technical expertise from other dairy farmers on their smart phones.This increased access to on-demand information and veterinary consultations both helps to improve animal wellbeing, and improves overall on-farm productivity, which decreases GHG emissions intensity.
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• Began in 2017
• Market linkages, improved breeding & 

animal health, extension services, 
better input access

• Interventions
• Results:

– Productivity increased by an 
average of 43%

– Methane emissions intensity 
decreased by an average of 27%
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Integrated Market Systems 
– KCDMS Activity

Dr. Emma Bratton - Embassy Science Fellow

Presenter Notes
Presentation Notes
Source: Feed the Future Methane Reductions in DairyThe Feed the Future Kenya Crops & Dairy Market Systems (KCDMS) Activity started in 2017Goal = “build market linkages, improve breeding & animal health, leverage extension services”Interventions included:Increased knowledge via ag extension of animal feeding practices & nutritionIncreased forage availability, mineral supplementsSmallholder producer investment in/adoption of more productive forage varieties. minerals leading to increased protein, energy, digestibility of feedDid a baseline (2019) and endline (2022) study to assess methane emissions intensity and dairy productivity over timeResults from 127 smallholder dairy producers:Dairy productivity–daily fat corrected milk, DIM, and inter-calving interval–increased by an average of 43%Methane emissions intensity decreased by avg of 27%This shows that, even in a low-input, low-capital setting the proper interventions can lead to increased productivity and decreased methane emissions intensity/cow
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• Life Cycle Analyses (LCA)

• Marginal Abatement Cost Curves 

(MACC)

• Low cost, high reward

Study to Model the Impact of Controlling Endemic Cattle Diseases and Conditions on National Cattle Productivity, Agricultural 
Performance and GHG Emissions, Feb. 2015

Improved Animal Health & 
Biosecurity 

Dr. Emma Bratton - Embassy Science Fellow

Presenter Notes
Presentation Notes
Sources: Study to Model the Impact of Controlling Endemic Cattle Diseases and Conditions on National Cattle Productivity, Agricultural Performance and GHG Emissions, Feb. 2015Disease and death loss is another reason for culling or permanent removal from the dairy cattle herd, which in turn leads to an increased turnover rate of the dairy herd and, for sick cows who stay in the herd, significantly negatively impacts milk yields on a dairy farm. Respiratory diseases, mastitis, metritis, lameness, and metabolic disorders represent significant animal welfare issues and economic costs to the dairy industry, and in turn negatively impact GHG emissions intensity.The graph shown on the right is from a report conducted in 2015 looking at Marginal Abatement Cost Curves (MACC) and Life Cycle Analyses of milk production, taking into account the impact of controlling endemic diseases in the UK. This report showed a potential 25% increase in GHG emissions intensity (for 1000 L of milk produced) from untreated cattle with Johnes disease, as well as significant increases in GHG emissions intensities from Salmonella, Bovine Viral Diarrhea (BVD), and infertility. The differences between the emissions required to control diseases—taking into account veterinary travel and drug production—is relatively low, thus showing a significant return on investment when it comes to GHG emissions intensity reduction for disease control.The graph on the right is from the MACC analysis, looking at both the volume of GHG emissions reduced and the costs per ton of GHG emissions reduced. In this graph, the width of each bar represents the estimated volume of GHG reduction and the height the cost per ton of reduction. The bars with the highest GHG emissions potential with relatively low costs include vaccination for Infectious Bovine Rhinotracheitis (IBR), colostrum management and hygiene for Johnes disease, buying policy and testing and culling for Johnes disease, and strategic treatment for liver flukes. These preventative measures all have financial gains for GHG emissions reduced, as well as GHG emissions abatement of up to 386.7 kt CO2 eq per intervention. For example, vaccinating for IBR can help reduce 277.1 kt CO2 eq and save farmers 95 pounds per ton of CO2 equivalent abated, according to this analysis.



• EU Farm to Fork, UN, World 
Organization for Animal Health 
(OIE)

• Freedom from pain injury, and 
disease

• Animal welfare indicators included 
in sustainability assessments

• Sustainable intensification tradeoffs 
& mitigation strategies

Animal Health, Welfare, 
and Sustainability
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Presenter Notes
Presentation Notes
Sources: Buller et al. 2018; Sustainable Agriculture & Farm Animal Welfare, 2016; Farm to ForkI also want to take a moment to discuss the relationship between animal health, welfare, and sustainability. Animal welfare has become an increasingly important consideration for policymakers, consumers, and livestock caretakers alike. The EU Farm to Fork Policy, the United Nations, and the World Organization for Animal Health are just three examples of international organizations that include animal welfare as part of their policies and recommendations for agricultural practitioners. As discussed on the previous slide, improving the health of dairy cattle is critical to improving methane emissions intensity. There is also substantial research showing the positive association between dairy cattle health and welfare and dairy cattle productivity. Animal health is also fundamental to their welfare, with one of the Five Freedoms of animal welfare, developed by the UK Farm Animal Welfare Committee as a logical framework for animal welfare analysis, is “freedom from pain, injury and disease by prevention or rapid diagnosis and treatment.” This acknowledges the core need for biosecurity, preventative medicine, remote sensing and monitoring, and robust animal healthcare infrastructure to maintain good animal welfare conditions.Several farm animal welfare assessment tools exist that include relatively easy-to-measure animal outcome measures, including Welfare Quality, Food Animal Initiative and the Sustainable Intensification Platform. Integrating animal welfare indicators into sustainability assessments of farms is a key way to ensure that animal welfare is not sacrificed when climate-smart practices are adopted.Thus, when approaching increasing productivity and increased efficiency of resource use, it is important to consider whether this may have an unintended negative effect on farm animal welfare. That said, there are ways to mitigate or prevent these negative consequences by investing in good management, precision farming—including remote monitoring systems, and stockmanship. In fact, sustainable dairy husbandry systems are already being designed with animal welfare in mind by identifying the underlying systems connections and assumptions, thus allowing for the illumination of win-win situations for animals, their environments, and their caretakers.
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• Dairy Farm in Vermont, USA

• ~5 M liter anaerobic digester 

• Local community connection

• Overhead: digester staff & costs
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Anaerobic Digestion – 
Chase Goodrich

Dr. Emma Bratton - Embassy Science Fellow

Presenter Notes
Presentation Notes
Source: https://www.usdairy.com/news-articles/farmers-reducing-methane-gas-from-cows, May 2022; https://www.epa.gov/agstar/practices-reduce-methane-emissions-livestock-manure-managementChase Goodrich owns a 900-cow dairy farm in Vermont, USA and has installed a 1.32 Million gallon (nearly 5 Million liter) anaerobic digester. This digester collects manure from the farm, as well as food waste from the local community, and converted into “biogas.”This gas is then sold to Vanguard Renewables, Vermont Gas Systems, and a local college to help local institutions become carbon neutral and increase farm profits.That said, this type of manure management system does require significant overhead, including the high costs of purchasing and installing the digester, setting up systems to transport and store the manure and the resulting biogas, and staff to manage the digester’s operations and biogas sale. That said, these costs can be offset by the sale of biogas—as in the case of Goodrich’s farm—and other byproducts such as fertilizer or bedding. 



• Dairy Farm in Minnesota, USA

• Daritech “Bedding Master” compost drum

• Converts cow manure into bacteria-free dry bedding in 24 hours
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Manure Composting – Suzanne Vold

Dr. Emma Bratton - Embassy Science Fellow

Presenter Notes
Presentation Notes
Source: https://www.usdairy.com/news-articles/farmers-reducing-methane-gas-from-cows, May 2022Another method to reduce methane emissions via manure processing is composting. As mentioned before, this method involves the breakdown of manure by microorganisms but under aerobic, or oxygen-rich, conditions instead of anaerobic conditions. Suzanne Vold chose to purchase a Daritech “Beding Master” compost drum for her 420-cow dairy farm which stores and rotates the manure and solid paper waste from her farm. During this process, the drum reaches up to 65.5 C, killing off the bacteria within 24 hours. The resulting material is a soil-like product which can be used as clean, comfortable bedding for the cows. This reduces the costs of purchasing sawdust or sand bedding, and can increase farm profits by selling the soil to local gardeners.



• Organic Dairy Research Farm—University of New Hampshire, USA
• 79 Jersey cows on 40 hectares of certified organic pasture
• MIG grazing can increase soil carbon by 3.2 g/kg
• Initial soil carbon content matters!

28
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Grazing Management – UNH ODRF
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Presenter Notes
Presentation Notes
Sources: Almaraz et al. 2023; Arndt et al., 2022; https://colsa.unh.edu/facility/organic-dairy-research-farmGrazing management can not only help sequester carbon, but can also reduce methane emissions via enteric fermentation. Switching to early-season pasture has been found to reduce methane emissions up to 45% compared to grass pastures by increasing the digestibility of the forage. As previously mentioned, managing dairy cattle on pasture can also reduce methane emissions from manure storage and increase soil nutrient content.Arndt and colleagues conducted a study at the University of New Hampshire Organic Dairy Research Farm investigating the effect of Management intensive grazing (MIG) on soil carbon storge over a 12-year period. This research farm housed 79 registered Jersey cows on 40 hectares of certified organic pasture at the time of the study. The farm is also home to 48.5 hectares of woodlands and 40.5 hectares of crops or forage. Over the course of the study, researchers found that MIG, which consists of high density grazing with rotations among paddocks that allow for long rest periods, helped to increase soil carbon uptake by an average of 3.2 g/kg of soil over time. They also found the intensively grazed fields to have increased carbon uptake and greater forage production compared to more extensive grazing practices.The researchers also found, however, that initial soil carbon content significantly affected soil carbon uptake. This indicates that soil has a “carbon carrying capacity”—of about 120,000 kg C/hectare according to this study--that limits the effect of grazing on soil carbon capture. This emphasizes the importance of baseline measurements when calculating actual and potential emissions reductions.The researchers also found that grazed fields also emitted nitrous oxide, largely due to manure spreading. Thus one grazed field was a net GHG emissions emitter, while the other grazed field was a net carbon sink at 5485 kg CO2 eq/hectare. This shows that it is important to take into account N2O emissions and storage when looking at grazing practices and GHG emissions.
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• Dairy Forage Research Center 
(DFRC) – University of WI, 
Madison, USA

• 400 dairy cows

• Forest, shrubs, forage crops, 
pasture, grass

• Nearly neg. 20 M kg CO2 eq net 
GHG emissions

• Alfalfa is key!

• Sustainable agroecological system
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Integrated Crop-Livestock 
Systems – University of 
Wisconsin, USA 
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Presenter Notes
Presentation Notes
Sources: https://dairyforage.ars.wisc.edu/; Wiesner et al. 2020The Dairy Forage Research Center at the University of Wisconsin, Madison in the United States is home to 400 dairy cows, as well as corn and alfalfa for silage, soybeans, and winter wheat, as well as several acres of pasture for grazing. This farm thus represents an integrated crop-livestock farming system (ICLS).The DFRC is an effort between the US Department of Agriculture (USDA) and the University to conduct multidisciplinary research to help increase yields and quality of forage, reduce post-harvest losses, and maximize forage nutrients for dairy production.In 2018, Susanne Wiesner and colleagues conducted a study quantifying the greenhouse gas budget of the farm, which incorporates an integrated crop-livestock system, using remote sensing to estimate vegetation net primary productivity (NPP) and IPCC guidelines. Wiesner and colleagues found that the DFRC farm was a carbon sink overall, sequestering 26.6 M kg of CO2 via its vegetation, while only producing 6.69 M kg of CO2 eq. On a national level, this does not represent a significant amount of GHG emissions reduction, but scaled to dozens of farms, and by converting farms from net GHG emitters to net carbon sinks, the effect could be quite large.It should be noted that there were significant seasonal differences between the carbon sequestration potential of different crop species, pasture, grass, shrubland, and forest. Furthermore, the farm remained a significant carbon sink, even when natural vegetation from forests, shrubs, and grasslands were excluded.Alfalfa crops returned the highest amount of carbon to the soil due to their extensive root systems and their long growing season. Note that alfalfa also has large potential to decrease methane emissions when incorporated more into cattle diets.ICLS’s have great potential to be sustainable ways to mitigate dairy cattle GHG emissions due to their closed agroecological systems, increased soil health, and resilience to pest and weather-related shocks that help to offset on-farm emissions.



• Significant soil carbon sequestration

• Native trees improve animal & soil health

• Adequate precipitation – 1 m/year
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Agroforestry Systems – Tim Downes

Dr. Emma Bratton - Embassy Science Fellow

Presenter Notes
Presentation Notes
Sources: Almaraz et al. 2023; https://www.reuters.com/business/sustainable-business/how-agroforestry-can-help-turn-cows-climate-criminals-into-heroes-2022-11-08/;Agroforestry has significant climate mitigation potential by helping increase soil carbon sequestration by an average of 26.42 metric tonnes of CO2/hectareTim Downes is a dairy farmer from Shropshire, UK who has worked with Woodland Trust to plant willow, sycamore, and hornbeam trees which are native to the area. Tim Downes’ silvopastoral dairy farming system, a type of agroforestry, has many benefits. Willow trees provide salicylic acid, the main ingredient in aspirin, which helps decrease the farm’s medical bills. In addition, different tree species help increase the soil’s nutrient profile and allow different forage crops to thrive. They also help increase the amount of worms in the soil, which helps improve soil health. It should be noted that agroforestry should only be implemented on lands that receive >1 meter of precipitation per year to ensure that trees have adequate water to photosynthesize. 
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• Feed the Future Bangladesh 
Livestock & Nutrition Activity

• USAID & ACDI/VOCA

• Byproducts  commodities

• Sanitation & storage

• Labeling & bioprotective cultures
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Minimizing Food Loss & 
Waste – Bangladesh LAN 
Activity 
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Presenter Notes
Presentation Notes
Sources: https://agrilinks.org/post/reducing-food-loss-lessons-bangladeshs-dairy-sector; https://www.foodnavigator.com/Article/2022/07/08/IFF-discusses-tackling-food-waste-in-dairyAs discussed previously, food loss and waste is a significant source of GHG emissions. As milk and milk products are highly perishable, the dairy sector can help mitigate a significant amount of emissions by minimizing waste at the farm, transport, processing, storage, and distribution levels.The Feed the Future Bangladesh Livestock and Nutrition Activity, funded by USAID and ACDI/VOCA, works to reduce waste and improve food safety among smallholder dairy producers in Bangladesh.Acid whey and sweet whey are byproducts of local cheese production in Bangladesh that are often wasted. It is estimated that almost 5% of total production is wasted due to byproducts being disposed of. The activity is training dairy processors to use this whey to make a fresh cheese called channa, a local dairy drink called matha and clarified butter, or ghee.The Bangladesh LAN Activity also worked to increase handwashing and other sanitary practices around milking, managing manure, and handling cattle to help reduce foodborne illness and lost milk due to contamination. The Activity also worked to promote improved storage of milk products at the household level to reduce food waste.In Europe, up to 17% of all yogurts go to waste, largely at the household level. Although it is critical to ensure that milk products are not contaminated or spoiled, often milk products, especially yogurt, are thrown away when they are still edible instead of kept. Shifting to “best before” instead of “use by” labeling can help discourage consumers from disposing of food products before they are inedible.One other option is bioprotective cultures, which help preserve dairy products by controlling the growth of pathogenic microorganisms in food. They have been deemed food safe by the European Food & Feed Cultures Association and can help extend the freshness of dairy products by an average of 7 days.



• Decreasing methane emissions intensity and capturing methane emissions

• Increasing on-farm productivity & strengthening market linkages

• Manure storage, processing and biogas generation

• Capturing carbon via grazing, agroforestry, and integrated crop-livestock systems
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Summary – Dairy Methane Mitigation Strategies

Presenter Notes
Presentation Notes
There are multiple opportunities to optimize on-farm dairy productivity in Slovakia. This in turn will lead to decreased methane emissions intensities, allowing productivity to increase without a comparable increase in GHG emissions. This paired with using circular bioeconomy principles to reduce and recycle waste as well as capture methane emissions that are necessarily produced is the key to achieving Slovakia’s dairy methane emissions targets.By improving dairy cattle health and welfare via enhanced nutrition, preventative health measures and increased access to veterinary services, milk production will increase. Furthermore, increasing farmer access to information and technology, strengthening market systems, and optimizing breeding protocols will also help boost on-farm productivity.Shifting manure management systems to minimize anaerobic processing has the potential to significantly reduce methane emissions, as well as generate products that can be sold to increase farm profits.Agroforestry and silvopastoral systems, integrated crop-livestock systems, and intensive grazing management can all help capture more soil carbon, helping to offset the emissions that are necessarily produced by dairy cattle. Minimizing food loss and waste at all steps along the supply chain is another way to offset methane emissions.
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Presenter Notes
Presentation Notes
Source: Transforming Food Systems under Climate Change through InnovationAfter looking at all of these wonderful examples of on-farm innovation and data on relevant strategies for climate smart dairy production, we need to take a step back and think about the food system enablers and drivers that helped to facilitate these innovations.This graphic, taken from the book Transforming Food Systems under Climate Change through Innovation, highlights the complex relationship between individual decision making, the physical environment, and political, economic, and socio-cultural factors that interact in the food system.So far, we have been focused on the production step [animation], and how on-farm innovations can help mitigate dairy production methane emissions. This is just the first step in the food supply chain [animation], that goes from production to sale and consumption.It should be noted that methane emission mitigation can happen along all points of the supply chain, not just at the farm level. Feed production, supply chain efficiencies, and food loss and waste reduction can all contribute to methane emissions reductions from inputs to transport, processing, distribution, retail sale, and household consumption.In the next section of this presentation, I will focus on how policy [animation] and markets interact to help facilitate innovation and technological [animation] development, uptake, and scaling to help achieve these climate goals, which support the Sustainable Development Goal [animation] #13 of climate action 



Public-Private Partnerships to Achieve 
Sustainable Dairy Production
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Presenter Notes
Presentation Notes
Source: Transforming Food Systems under Climate Change through InnovationThis graphic, also taken from the Transforming Food Systems book, shows how both public and private sector engagement, and collaboration between them, is needed to facilitate the outcome (on the bottom) of better farm decisions and resilient rural livelihoods, in this case related to climate-smart dairy production.I will start from the top, although numbering goes from bottom to top. The key foundation for climate-smart technology and innovation uptake is made up of funding—which can be government, industry, or private donor-originated—and policy, both from the agricultural sector and the environmental sector. The marrying of funding and policy creates what is called an enabling environment for technology to be developed, piloted, distributed, and scaled. Without policy and funding support, there is no mechanism for climate-smart technology to thrive. In the second and third tier, you see how the private sector, meteorological services, and agricultural extension services must work together to provide bundled services to producers and others along the agricultural supply chain to facilitate evidence-based on-farm and off-farm decision making, and better utilize climate-smart technologies. This also involves linking academic institutions with agricultural extension so that research and development can directly feed into technology delivery.The fourth tier emphasizes how both institutional, i.e., public sector-driven, and digital, likely private sector-driven, channels are needed to disseminate information and technology to encourage uptake at scale. Again, these channels need to be connected to academic and research institutions for the sake of efficiency.And finally, these technologies and approaches need to be delivered to farmers to improve their capacity. But farmers also need to have a voice in which technologies they feel are most useful and practical and other needs they may have in terms of private and public sector support. This can be facilitated by farmer co-operatives or collectives, which have more political power. Thus, this diagram is also a two-way [animation] relationship from farmers to public and private institutions and vice versa.



• Leveraging multiple funding 
sources—domestic & international

• Bundling financial instruments

• Incentives & disincentives

• Carbon/methane markets

• Public-private partnerships

Climate Finance 
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Presenter Notes
Presentation Notes
Sources: Khatri-Chhetri et al. 2021; Tackling Climate Change through Livestock, FAO 2013The climate-smart agricultural research, technology development, scaling, and widespread adoption that are necessary to achieve methane emissions abatement goals require significant financial resources. Thus, a key component of achieving methane emissions reduction goals is building a robust climate finance ecosystem. As significant methane emissions reduction requires a significant amount of money, it is important to leverage multiple funding sources. These can include national governments, the private sector—which can encompass multiple industries, multilateral donors, and local, national, and international financial institutions.Bundling financial instruments helps facilitate inclusion of multiple funding sources and different financial instruments can work synergistically. For example, dairy farmers or processors who receive government loans for climate-smart technology purchases can then be eligible for grants to fund training on how to most effectively use those technologies. This underlines the importance of strong agricultural policy frameworks that are needed to align private & public economic objectives and facilitate uptake of mitigation strategies.It is always important to consider financial incentives and disincentives, for farmers, processors, retailers, and consumers. Incentives can include methane emissions abatement inclusion in agricultural subsidies, while disincentives can include taxes on methane emissions. Both can be powerful tools to influence dairy value chain actors to shift behavior towards less methane emissions production.Carbon or methane markets, within which carbon or methane credits are traded for emissions, are another powerful tool to generate revenue locally while decreasing GHG emissions. It should be mentioned, however, that adapting carbon markets to agricultural, and specifically livestock, sectors have proved challenging.Public-private partnerships allow for public investment to act as financial support for risky and costly new climate-smart technologies while private sector investment helps link these new technologies to consumers thus increasing scaling potential and spurring economic growth.When thinking about climate finance, it’s also important to keep in mind that different farmers, and even market segments, operate in different socioeconomic contexts. These contexts should inform how and where different climate finance strategies are directed.



Sources

• Multilateral

– Green Climate Fund

– World Bank

– Global Environment Facility

• Domestic

– “Climate Fund for Soil”

– National banks

Instruments

• Carbon markets

– EU Emissions Trading System 
(ETS)

• Carbon/methane tax

• Subsidies 

• Loans
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Climate Finance – Funding Sources & Instruments

Presenter Notes
Presentation Notes
Sources: Tackling Climate Change Through Livestock, FAO; Khatri-Chhetri et al. 2021; Climate Mitigation in Slovakia (IMF)I wanted to drill down more into different funding sources and instruments available to help advance methane mitigation in Slovakia.In terms of sources, there are multilateral sources, such as the Green Climate Fund, the World Bank, and the Global Environment Facility, all offer international pools of climate funding to draw from. The Green Climate Fund is bolded above as this fund has already supported countries as part of the Pathways to Dairy Net Zero Initiative and Slovakia is a partner of this fund, thus there is a clear path for Slovakia to potentially leverage these funds to increase climate-smart dairy.In terms of domestic funding sources, nationally sponsored climate funds can be powerful climate finance tools. One example of this is Slovakia’s “Climate Fund for Soil,” which helps leverage funds to increase water retention and carbon content in soil. While soil health and soil carbon are critical for climate-smart agriculture, it might be beneficial to expand the scope or start another national climate fund specific to or more clearly linked to dairy production.Carbon markets involve trading GHG emissions permits and credits for GHG emissions reductions. One example of this is the European Union’s Emissions Trading System (ETS). The EU’s ETS functions as a cap and trade mechanism which is highly effective in reducing GHG emissions—the National Energy and Climate Plans (NECP) estimates that 75% of Slovakia’s GHG emissions reductions by 2030 will be due to the ETS. Unfortunately, like many carbon markets, this one does not cover agriculture. Part of the reason why carbon markets do not usually cover agriculture, and livestock specifically, is that it is difficult to accurately measure carbon emissions reductions in livestock systems. This highlights the importance of comprehensive and accurate data, and frameworks to collect, analyze, and report out these data. With accurate metrics, targets, and economic data, a carbon or methane market for dairy could be an effective tool to reduce dairy methane emissions in Slovakia.Imposing a carbon—or methane—tax is another powerful tool to disincentivize GHG emissions across sectors. Carbon taxes function to internalize the negative externalities associated with GHG emissions, thus incentivizing climate-smart business practices. In turn, revenues from these taxes could be used to compensate those who lose most in a “green transition.” In a recent report, the International Monetary Fund (IMF) used the Climate Policy Assessment Tool to model that a carbon tax in Slovakia could lead to a 19% reduction in GHG emissions and a 1.2% increase in GDP by 2030 compared to a “business as usual” scenario. That said, a carbon (or methane) tax would have to rely on comprehensive and accurate methane emissions data to function appropriately.Subsidies and loans are two ways to incentivize climate-smart agricultural practices and increase affordability of new technology purchases, thus increasing the reach of these technologies and multiplying their GHG emissions impacts. Again, when designing subsidies and loans, it is important to remember that different dairy farmers and regions operate in different socioeconomic contexts.
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• $3.125 billion in 141 projects

• Project approaches (broad):

– Technical & financial assistance

– GHG data collection

– Market development

• Anticipated results:

– >60K farmers & >10 M 
hectares of land

– Nearly 100 universities

• Dairy Farmers of America (DFA) 
dairy methane project
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Presenter Notes
Presentation Notes
Source: https://www.usda.gov/climate-solutions/climate-smart-commodities- The Partnerships for Climate-Smart Commodities opportunity is a USDA-led funding mechanism announced in March 2022 that will be investing 3.125 Billion USD in 141 projects that will expand markets for the United States’ climate smart commodities, leverage GHG benefits of climate-smart commodity production, and provide direct benefits to agricultural producers, including smallholders and underserved populations. Furthermore, these projects will receive on average 50% matching of the >3 B USD federal investment with non-federal funding.More specifically, projects will:Provide technical & financial assistance to producers to voluntarily implement climate-smart production practicesPilot innovative methods for quantification, monitoring, reporting, and verification of GHG benefitsDevelop markets & promote climate-smart commodities The anticipated results of these projects include >60,000 farmers and >25 M acres (>10 M hectares) of working land engaged in climate-smart production practices and the involvement of nearly 100 universities.One project I wanted to highlight is called Scaling Methane Emissions Reductions and Soil Carbon Sequestration – A Value-Added Commodities Approach for United States Dairy, and it’s lead partner is Dairy Farmers of America (DFA).Dairy Farmers of America (DFA) is a national milk marketing cooperative in the United States that helps dairy producers sell their raw milk as processed dairy products to wholesale buyers domestically and abroad. In 2016, DFA represented ~22% of raw milk production in the USA. (Source: https://en.wikipedia.org/wiki/Dairy_Farmers_of_America)This project, among other things, connects on-farm GHG emissions w/low-carbon dairy market opportunities, provides technical assistance to farmers to use the MyFarms tool to quantify GHG emissions and incorporate climate-smart dairy management practices, and uses a cooperative business model to ensure that financial benefits are captures at the farm level. In total—across multiple states and value chains--this project will receive up to $45 M.The Partnerships for Climate Smart Commodities opportunity represents one example of how governments can mobilize public funding to catalyze large-scale climate-smart agriculture adoption, de-risk private sector investment, and create markets for agricultural commodities produced using low-emissions practices. The success of this opportunity is due in large part to strong public-private partnerships.



SpO 3. DO OUR PART
Strengthen the operations and approaches to programming to address climate 
change and further climate justice within USAID and our partner organizations

USAID Climate Strategy 2022-2030 Strategic Framework

IR 1.2 Build Resilience  
Strengthen resilience of populations vulnerable 

to  climate impacts (adaptation)

IR 1.1 Reduce Emissions   
Catalyze urgent mitigation (emissions 

reductions and sequestration) from energy, 
land use, and other key sources

IR 2.2 Shift Market Signals
Support a transition to resilient, net-zero 
economies and financial systemsIR 1.3 Mobilize Finance  

Increase the flow of and equitable access to 
finance to support adaptation and mitigation IR 2.3 Improve Governance  

Strengthen responsive, transparent governance 
and citizen engagement for effective climate action

IR 2.4 Work Across Assistance Types 
Strengthen the coordination of humanitarian, 
development, and peacebuilding assistance to  
address climate impacts

IR 2.1 Transform Key Systems
Advance transformation of key systems 
and essential services to reduce emissions 
and enhance climate resilience

Embedded  Principles

Locally Led  
Development

Private-Sector  
Engagement

Nature-Based  
Solutions

Equity and  
Inclusion

Evidence and  
Innovation

IR 1.4 Partner with IPLCs  
Partner with Indigenous Peoples and 

local communities to lead climate actions

IR 1.5 Amplify Crucial Voices  
Enable and empower women and youth and 

other marginalized and/or underrepresented 
groups to lead climate action

SO 1. TARGETED DIRECT ACTION
Accelerate and scale targeted climate actions

SO 2. SYSTEMS CHANGE
Catalyze transformative shifts to net-zero and climate-resilient pathways

39Dr. Emma Bratton - Embassy Science Fellow

Presenter Notes
Presentation Notes
Source: USAID Climate Strategy, 2022-2030As an example of a multisectoral climate policy, I wanted to highlight the USAID Climate Strategy, launched in 2022. I specifically wanted to highlight the strategic framework as a model for how to combine targeted direct action and systems change to achieve ambitious climate targets across sectors. Specifically, I wanted to highlight  six of the intermediate results highlihted above.[Animation] First, the primary goal that we have come together around is reducing GHG emissions, specifically methane emissions in the dairy sector. It is important that this is always the “north star” when recommending policy, research, and technological actions & innovations.[Animation] Second, it is important that any adjustments implemented on farms are not only climate-smart, but climate resilient. This emphasizes the overlap between climate adaptation and mitigation. [Animation] Third, mobilizing finance is key to de-risk adoption of novel, climate-smart practices for dairy farmers and processors. Significant methane emissions reductions cannot happen without significant funding.[Animation] As mentioned in the previous slide, amplifying the voices of dairy farmers, especially those from underrepresented groups, is key to making sure policy, research, and technological innovations are demand-driven and implemented equitably.[Animation] What I have also mentioned previously is the need for systems transformation. It is important to think about on-farm innovations, but even more important to think about how to transform the dairy sector to deliver key ecosystem services and reduce methane emissions.[Animation] This kind of systems transformation is only possible via shifting market signals to incentivize climate-resilient and net-zero practices and supply chains.[Animation] Finally, there needs to be responsive, transparent government action and citizen—especially farmer—engagement for effective climate action



Key Principles

• Healthy, affordable, sustainable food

• Tackle climate change

• Protect the environment & preserve 
biodiversity

• Fair economic return in the food 
chain

• Increase organic farming

Quantitative Goals - by 2030

• Reduce the use of pesticides by 50%

• Reduce soil nutrient losses by at 
least 50% 

• Reduce fertilizer use by 20% 

• Reduce sale of antimicrobials for 
farmed animals by 50%

• 25% of total farmland is organic

• Reduce per capita food waste by 
50%
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EU Farm to Fork Policy
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Presenter Notes
Presentation Notes
Sources: Farm to ForkThere already exists a broad, ambitious, multisectoral environmental policy for the European Union, and that is Farm to Fork. It’s important to keep in mind this overarching Initiative within which the Slovak agricultural, and specifically dairy sector operates within. The principles and goals (to be achieved by 2030) outlined on the slide emphasize the need to balance human nutrition, climate change, ecosystem health, economics, and judicious use of antimicrobials for farm animals in EU food systems policy. Although some of these are mutually reinforcing, such as reducing per capita food waste to reduce GHG emissions, aligning farming practices and national, regional, and local agricultural policies with these principles may prove difficult, and tradeoffs will need to be considered. It should also be noted that although mitigating climate change is a major principle and goal of the Farm to Fork policy, the quantitative indicators do not specify GHG emissions reductions targets. Thus, the quantitative goals listed are to be achieved in addition to Slovakian commitments to reduce GHG emissions by 20% by 2030.That said, preventative animal health practices that would reduce the need for antimicrobial use in farmed animals, organic grazing practices, reducing food waste, and manure management practices outlined earlier in this presentation could align well with both GHG emissions targets and the specified Farm to Fork targets.



Principles

• Natural resource management

• Climate change mitigation & 
adaptation and air quality protection

• Green/circular economy

Keys to Success

• The importance of data

• Leveraging public & private funds

• Multistakeholder cooperation
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Greener Slovakia Strategy – 
Principles
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Presenter Notes
Presentation Notes
Source: Greener Slovakia StrategyThe Greener Slovakia Strategy is another robust environmental policy that is country-specific. Instead of focusing on quantitative goals, this policy focuses on principles and strategic approaches used to achieve goals set out in other policies.As in the Farm to Fork policy, a clear connection between ecosystem health and population health is outlined. There is also a greater emphasis on climate adaptation and resilience, in addition to mitigation, as these have caused significant economic losses for Slovakia in recent years (1.3 Billion EUR in 2013). Many of the principles highlighted in the policy are in line with recommendations I outlined above for reducing methane emissions in dairy production, including circular bioeconomy principles and waste management. The strategy also underlines the importance of considering social, economic, and environmental factors together when evaluating impacts and successes.The strategy outlines several keys to success, highlighted above, which align with recommendations to achieve methane mitigation in the dairy sector. These include the importance of data collection, monitoring, and evaluation; leveraging public and private funds; and cooperation between the federal government, academia, professional organizations and non-governmental organizations.Thus, although the Greener Slovakia Strategy does not focus specifically on dairy production, many of the principles here are in line with recommended strategies to reduce methane emissions from the dairy sector.



• Agricultural production diversity improves technical efficiency

• Optimize CAP subsidies to improve technical efficiency & decrease admin burden

• Increase farmer association membership to improve livestock production efficiency

Dr. Emma Bratton - Embassy Science Fellow 42

Slovakian Agricultural Efficiency Opportunities

Presenter Notes
Presentation Notes
Sources: Lazikova et al. 2019When assessing the sustainability of Slovakian agriculture it is important to consider technical efficiency—or the conversion of physical inputs to outputs relative to best practices—as wasted inputs are inherently unsustainable. Jarmila Lazikova and colleagues compared technical efficiency across regions, agro-ecological zones and districts along a large array of independent geographical, social, legal and economic variables for Slovakian agricultural holdings to assess which factors most influence technical efficiency in Slovak agricultural businesses. I wanted to highlight 3 key relevant findings from the paper here.Their findings show that agricultural production diversity, or the diversity of types of agricultural production within a holding, had a statistically significant positive effect on an agricultural holding’s technical efficiency. This includes increasing the diversity of crop and non-crop components, which in turn lead to positive ecosystem services and enhance environmental sustainability. Slovakian One interesting finding was that Common Agricultural Policy (CAP) government subsidies only had a minimal effect in increasing technical efficiency. This could be due to the need for the researchers to exclude >160 holdings that received CAP subsidies due to them having 0 revenues. It was also noted by the authors that some smaller holdings which had positive revenues did not apply for subsidies due to the administrative burden. Thus, it may behoove agricultural policymakers to realign subsidies to encourage efficiency, including technology uptake, and reduce onboarding costs.Related to livestock production, the researchers found that increased proportion of agricultural production revenues from animal production had a statistically significant negative effect on technical efficiency. This is likely due to the higher input costs associated with livestock production and the fact that a large number of animal production agricultural holdings were not profitable. The authors recommend increasing membership in farmers’ associations as a means to offset this negative effect as farmers’ association membership had a statistically significant positive effect on efficiency. This could be due to increased information sharing and collective action among farmers in associations.



Challenges

• Production efficiency 

• Shrinking & aging workforce

• Lack of optimization of AKIS

• Ambitious climate targets

• Lack of coordination among 
stakeholders

• Lack of integration w/EU research 
infrastructure

Opportunities

• Improved production efficiency—
small and large farms

• Improved coordination of research & 
technology development & uptake—
Slovakia & EU

• Optimizing existing knowledge 
systems (AKIS)

• Enabling environment to support 
climate-smart agricultural technology
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Slovakian Dairy Sector Challenges & Opportunities

Dr. Emma Bratton - Embassy Science Fellow

Presenter Notes
Presentation Notes
Source: Ing. Miroslav Záhradník, National Agriculture and Food Centre, Research Institute for Animal Production Nitra presentationNarrowing in on Slovakia’s dairy sector, I wanted to highlight systems-level challenges & opportunities. Many of these were proposed by Ing. Zahradnik and get to the heart of the need for a strong enabling environment, and coordinated agricultural technology development, scaling, and uptake.Some of the challenges highlighted low productivity, exacerbated by poor uptake of new technologies; a shrinking workforce w/decreased youth participation; and a lack of optimization of the Agricultural Knowledge Innovation System, or AKIS.I wanted to spend some time discussing AKIS. The goal of this system is connecting farmers & farmer associations, researchers, advisors, education, business, media to facilitate increased knowledge flow, innovation, and modernization. In practice. That said, since AKIS’s implementation in its current form in 2007, there has been no significant changes in effectiveness of ag extension system. Potential reasons for this include that there is no specific national agreement about integration of knowledge exchange among AKIS actors; significant staffing needs among AKIS actors, a disconnect between different tools and programs, and duplication of efforts among research institutions, public organizations and academic institutions.The ambitious climate target that Slovakia has signed onto of carbon neutrality by 2050 is a challenge, especially in the face of increased demand for environmental protection, food quality and quantity by consumers, and the simultaneous need to increase national milk production. That said, this also presents an opportunity. Balancing these goals necessitates the increased cooperation and coordination among farmers, processors, research institutes, universities, and policymakers.It is also necessary to integrate Slovakia’s agricultural research infrastructure with EU’s research infrastructure, as Slovakia remains aligned with the EU’s broader climate and food production policies.Next, I want to move to opportunities for improvement—many of which were also taken from Ing. Zahradnik and in line with steps to transform food systems mentioned on the previous slide:First is improved production efficiency on both small and large dairy farms. Through the strategies outlined in previous slides, dairy production in Slovakia can become more productive, profitable, and climate-smart.Next is improved coordination of research & technology development & uptake, both within Slovakia, and between Slovakia and the rest of the EU. Steps to achieve this include speeding up cross-sectional research process & academic knowledge transfer, improving active participation of industry in research, and linking national priorities w/European research infrastructure ecosystem. Supporting the Slovakia University of Agriculture and other institutions that combine agricultural research, education and extension would help with this.Furthermore, to optimize AKIS, there is a need to understand mechanisms that farmers use to share knowledge innovation, and improving information sharing and collaborative decision-making among farmers, academic institutions, private sector actors, and policy makers. This will lead to Co-creation of innovative solutions that will help bridge the gap between science and practical agricultural solutions by matching industry needs with research activities.And finally, this agricultural innovation and technology to optimize sustainable dairy production can only occur with an enabling environment that supports climate-smart agricultural technology development and widespread uptake.
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• Climate-smart agricultural 
technology has revolutionary 
potential

• Manure digestion – 79%

• Agroforestry – 26.42 tonnes 
CO2/ha

• Digestible forage – 35%

• Feed additives – 46%

• Scalability & cost

Almaraz et al. 2023

Improved Technology & 
Information Integration 
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Presenter Notes
Presentation Notes
Sources: 5 Actions for Low-Carbon Livestock; Almaraz et al 2023I wanted to take a moment to focus on the significant impact that climate-smart agricultural technologies can play in terms of reducing GHG emissions.Technological innovations such as improved feeding (previously discussed), genetics, animal health, general husbandry, and information technology work to drive up productivity, making resource use more efficient and reducing the dairy sector’s environmental impact. In a recent modeling study, large scale development, adoption, and scaling of agricultural technology was shown to result in a reduction of >13 B net tons of GHG emissions annually. As shown in the figure above, even with a business-as-usual diet, 100% technology adoption would result in a net loss of >20 GT CO2 equivalent/year, assuming food loss and waste is also halved.Four of the 11 technologies explored that are particularly relevant to the dairy sector are manure digestion, agroforestry, increased forage digestibility, and seaweed or microalgae feed supplements. For each of these, a mean emissions reduction % was calculated—except for agroforestry, which is denoted in terms of mean carbon sequestration/hectare. It should be noted that these are “best case scenario” numbers, where these technologies are adopted at the largest scale possible.All four of these mitigation strategies, if widely adopted on a global scale, have a potential to achieve net negative emissions for the global food system. As will be discussed later in this presentation, however, this technological revolution requires context-specific policies that ensure mitigation benefits are fair, just, and equitable and do not have negative consequences on the health of humans, animals or ecosystems. They also require an enabling environment that allows for scalability at low-cost to producers and consumers—two major challenges of implementing climate solutions in the dairy sector.



• Direct funding & policy action with specific financial & time-based goals

• Five action steps for policymakers

• Leveraging existing policy & funding mechanisms
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Mapping Research Priorities

Presenter Notes
Presentation Notes
Sources: https://fas.org/publication/climate-smart-cattle/ One important step in determining where public and private funds should be directed towards when it comes to methane emissions reduction in the dairy sector is mapping priority research areas and incentives for their adoption and scaling. The Federation of American Scientists (FAS) recently published a comprehensively researched report summarizing their recommendations for where the US government should spend resources to this end, with a budget estimate and a timeline.The timeline, outlined in the graphic below, works backwards from the 2050 goal of carbon neutrality in the US dairy sector—an agreed upon industry goal—to highlight the urgency of research and development and scaling of solutions in this space.In the report, the authors recommend five action steps to accelerate minimization of methane emissions in the dairy sector:1. Fund basic & applied livestock enteric methane research2. Create public fee-for-service testing facilities for livestock methane3. Fund development of low-cost cattle methane measurement technology4. Modernize the US food, drug and cosmetic act5. Support adoption of enteric methane mitigation strategies throughout existing programsThese comprehensive recommendations include steps on how to leverage existing US-specific funding and policy mechanisms, such as US Department of Agriculture (USDA) Equipment Grants and USDA Natural Resource Conservation Service programs, to achieve dairy methane emissions goals.I recommend that a similar report is generated for Slovakia, specifically outlining research areas and leverage points to achieve Slovakia’s ambitious GHG emissions goals in the dairy sector.
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The Importance of Data
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Presenter Notes
Presentation Notes
There is a lack of data on GHG emissions specifically from Slovakia’s agricultural sector. When building out policy strategies to help decrease GHG emissions, it is critical to start from a strong evidence base.This could also include more detailed information on the dairy sector itself, including the number of farms using an extensive, intensive, or in-between production system, number of cows per farm, milk output per farm, and GHG emissions per farm. It would also be helpful to include indicators of cattle welfare, water use, antibiotic use, pesticide use, organic status, and biodiversity to incorporate a “whole farm agroecosystem” approach to data collection. This is especially important based on the EU Farm to Fork targets that both overlap with and add to the GHG emissions goals. This would help to map out which methane emissions mitigation strategies would be most helpful where, and which methane emissions strategies would have the greatest impact on which farms. Methane emissions will look different for a 500-cow milking herd than for a 5-cow milking herd.As previously mentioned, selecting methane emissions strategies should be done on a farm-by-farm basis. That said, dairy cooperatives, farmer associations, and local government could recommend specific strategies or targets to help leverage collective governing power to incentivize farmers to adopt certain practices. Having more granular data would help appropriately direct these policies and incentives. That said, it would also be helpful to aggregate these data at the cooperative, processor, or regional level to see larger trends and averages.Furthermore, as is highlighted in the US Dairy Net Zero Initiative, monitoring progress is key to evaluating success and adjusting policies and incentives in response to their impacts. It is impossible to know how close Slovakia is to achieving its methane emissions reductions goals without a robust baseline of data and regular monitoring of those data. Without that, certain policies could be continued that aren’t significantly moving Slovakia towards net zero GHG emissions, or an opportunity to shift policies to be more effective could be missed.
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Measurement – Cool Farm Tool

• GHG emissions, water use, and biodiversity

• Quantitative, credible, and standardized metrics

• Connects management decisions to environmental effects

• Creates “what-if” scenarios and simulates GHG emissions effects

• Adopted and tested by multinational companies, e.g. Bel group

• Water—70% fresh water used by agriculture globally

– Minimal data entry, maximum output

• Biodiversity—quantitative score that builds over time

– Wide array of species and management practices included

Dr. Emma Bratton - Embassy Science Fellow

Presenter Notes
Presentation Notes
Sources: https://coolfarm.org/ The Cool Farm Tool is a decision support tool that can be used to report on farm and supply chain GHG emissions, water use, and biodiversity. The tool offers credible and standardized metrics based on published datasets and IPCC methodologies.The tool is quick and easy to use—it takes <30 minutes to finalize an assessment, generates farm-specific results based on management practices, and shows how on-farm management decisions reduce GHG emissions and sequester soil carbon. The tool also encourages creative management optimization by creating “what-if” scenarios to simulate how practice changes may help reduce GHG emissions or increase soil carbon. The Cool Farm Tool has already been tested and adopted by a range of multinational companies, including the Bel group (mentioned earlier as they are adopting the Bovaer feed additive on their dairy farms) and Nestle.Although this presentation is primarily focused on methane emissions, I wanted to spend some time talking about other measures of environmental sustainability, namely water use and biodiversity. Climate change, water cycle disruption, and biodiversity loss are inextricably linked, so it is important to consider the entire farm ecosystem when deciding on management strategies to lower GHG emissions.Water: 70% of fresh water globally is used along agricultural supply chains, thus water recycling and conservation in agriculture is essential. That said, this portion of the tool focuses on crops, so other methods should be used to calculate a water footprint that takes into account the water-intensive processes involved in dairy farming.Biodiversity: The Cool Farm Tool gives scores along four dimensions for management practices that support biodiversity conservation for a wide range of species, including sowing field margins with perennial flowers, supplying bird nesting boxes, or using integrated pest management strategies. This allows baseline measurement and tracking of progress over time If they ask about it:For livestock GHG emissions measurements, data requirements include herd size, feed, manure management, energy use, and transport of feed or other inputs. Assessments can be recycled so the 30-minute timeline is only for the first oneAlthough water footprints can be cumbersome to calculate, the Cool Farm Tool generates quick and easy assessments of one’s crop water balance estimates, recommendations on efficient irrigation strategies, and options for irrigation types and strategies to increase soil organic matter.
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• Continuous sustainability 
improvement of the global dairy 
sector

• 11 environmental, social, and 
economic sustainability criteria

• Benefits of high-level indicators

• Benefits of DSF membership
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Dairy Sustainability 
Framework (DSF)
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Presenter Notes
Presentation Notes
Sources: https://www.dairysustainabilityframework.org/; DSF 2020-2025 Strategic PlanOnce data is collected, it still needs to be monitored and reported on. This involves significant time, energy, and knowledge management resources.The Dairy Sustainability Framework (DSF) is the dairy sector’s “global monitoring and reporting platform for environmental, social and economic progress,” (quote) and is a model of such an industry-led monitoring and reporting structure.This framework aims to demonstrate the continuous sustainability improvement of the global dairy sector by focusing on 11 sustainability criteria with established goals for each. These criteria are: animal care, biodiversity, GHG emissions, market development, product safety & quality, rural economies, soil nutrients, soil quality & retention, waste, water availability & quality, and working conditions. By using an approach that is grounded in quantitative data and focuses on multiple dimensions of sustainability, it ensures that member farms and processors are advancing sustainability in a way that supports farmer and worker livelihoods and animal welfare.Having an established uniform set of high-level indicators covering a plethora of sustainability dimensions allows for aggregated annual reporting across diverse regions and production types and along the value chain. This reporting can then provide evidence for policy stakeholders at the local, national, or global level.The DSF also provides tools and hosts forums for its members to encourage best practices and knowledge sharing.Using the DSF or a similar framework in Slovakia or the EU would be beneficial in tracking progress towards sustainability goals in the dairy sector along multiple dimensions simultaneously and giving the dairy sector, in all its diversity, one collective evidence base for sustainability for ease of communication with key stakeholders.



• Goal: US Dairy achieves GHG emissions neutrality by 2050
• Informed by & designed for US dairy producers
• Private sector-led

49

US Dairy Net Zero Initiative
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Presenter Notes
Presentation Notes
Source: US Dairy Net Zero Initiative, August 2022The US Dairy Net Zero Initiative was launched in 2020 as a voluntary, industry-wide push to make sustainable practices & technologies more accessible & affordableFounded by the six organizations highlighted above, this initiative aims to have the US dairy industry achieve net-zero greenhouse gas emissions by 2050 and significant improvements in water use and quality.They plan to achieve this by conducting research, on-farm pilots, creating manure-based products and ecosystem markets, and providing other farm technical supportThis initiative was informed by and designed for US dairy producers, so a key component is realizing on-farm value via carbon sequestration, converting manure into fertilizer, generating renewable energy, and utilizing ecosystem marketsIt is important that this initiative is private sector-led--with buy-in from farmers, processors, distributors, and retailers as ensuring profitability while mitigating climate and environmental impacts is keyThat said, this initiative leverages collaboration with the dairy community, corporations—e.g. Nestle & Starbucks pictured above, research institutes, NGOs—e.g. the Foundation for Food and Agricultural Research (FFAR) pictured above, and milk processors and dairy cooperatives (e.g. IDFA).The influence of cooperatives and processors is key to driving change at scale as they have the capacity to lead and invest in changes. Thus, this multistakeholder engagement approach is critical to industry-wide success of this initiative.

https://www.usdairy.com/sustainability/environmental-sustainability/net-zero-initiative


Research, Analysis & 
Modeling

• Fill data gaps, generate 
knowledge, improve 
models, 

• Improved 
understanding of 
technologies & 
practices

• Improve on-farm 
tools

Scale Adoption

• Broad, voluntary 
farmer adoption

• Sharing positive 
impacts to improve 
learning

• Supply chain 
demonstration 
projects

• Increase awareness
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On-Farm Pilots

• Implementing best 
practices

• Market-based 
approaches

• Provide scale

US Dairy Net Zero Initiative
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Presenter Notes
Presentation Notes
Source: US Dairy Net Zero Initiative, August 2022The three main operational tenets of the Dairy Net Zero Initiative are outlined above.Research, analysis, and modeling ensures that areas that will have the largest impact are identified, data gaps are filled, and models are optimized. Measurement of GHG emissions is also essential to demonstrate progress and develop new markets that can pay for assets generated via natural resource management practices.On-farm pilots help demonstrate how farms of all sizes can improve their environmental footprint and benefit from untapped revenue, thus promoting technology adoption at scale.Which leads to scale adoption, the third principle. By sharing positive impacts that farms of diverse geographies, sizes, and capabilities are making by adopting new climate-smart technologies and approaches, more farmers will voluntarily adopt these measures. This will also help increase awareness of technical assistance and financial support provided by the initiative’s partners.



• Mobilizing climate funds

• Public-private partnerships

• Multisectoral policy framework

• Technology & information 
dissemination

• Mapping research priorities

• The importance of data

• US DNZ – pulling it all together

Summary: Operationalizing 
this in Slovakia

Dr. Emma Bratton - Embassy Science Fellow 51

Presenter Notes
Presentation Notes
I wanted to take another opportunity to summarize the key takeaways from this section.First, the importance of and strategies for mobilizing climate funds was outlined, including suggestions for leveraging existing funding mechanisms and creating new mechanisms to include the dairy sector.The Partnerships for Climate-Smart Commodities opportunity was highlighted as an example of using public-private partnerships to mobilize funds for wide-scale change.The EU Farm to Fork policy, the Greener Slovakia Strategy, and the USAID Climate Strategy were all put forth as examples of multisectoral policy frameworks with compatible approaches to achieve ambitious climate goals.The potentially revolutionary impact of climate-smart technology to improve agricultural efficiency and achieve  exceptional GHG emissions reductions was explained. This was paired with opportunities for Slovakia’s agricultural sector, and dairy sector specifically, to improve efficiencies, especially around information exchange and the enabling environment for technology scaling.One example of mapping research priorities, including funding and timelines working backwards from GHG emissions goals, was presented as an important strategy for efficiently directing policy action.The importance of data was emphasized, and the Dairy Sustainability Framework was demonstrated as a global framework for international dairy climate data collection.Finally, the United States Dairy Net Zero (US DNZ) Initiative was summarized as an example of an industry-wide, multistakeholder initiative to use climate-smart technology to help reduce GHG emissions in the dairy sector across a diversity of farm and market contexts.



Feeding & Educating the Next Generation 
for a Sustainable Future

52Dr. Emma Bratton - Embassy Science Fellow



• Integrating information on novel farming technologies and approaches

• Increased political engagement

• Circular bioeconomy

• Increased market linkages
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Vision for the Future – Dairy Farmers
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Presenter Notes
Presentation Notes
Dairy farming is one of the most difficult professions, and my intention in this presentation is not to increase its difficulty. My goal was instead to show how dairy farmers have a pivotal role to play in helping the world transition to a more sustainable food system. The climate is changing, and it is important that the dairy industry adapt as well as help mitigate that change. Dairy farmers are key players in leading that change.Moving forward, dairy farmers will likely need to integrate even more information on climate-smart farming practices and technologies. Changing the way your farm operates is not easy or comfortable. Yet leading in this space can have effects far beyond increasing on-farm process, potentially for generations to come.Farmers may also need to increase cooperation amongst themselves in the form of farmer associations and co-ops. This increased collaboration and connectedness can help boost on-farm productivity, as well as increase leverage when engaging with policy makers. Political engagement is critical for ensuring that policies align with on-farm needs and practices. Increasing use of circular bioeconomy principles is also essential for a more sustainable dairy sector in Slovakia—not just for GHG emissions mitigation, but also to preserve water and other natural resources in line with the Greener Slovakia strategy.Finally, increasing market linkages will help increase the economic efficiency of the dairy industry and thus help increase sustainability. These market efficiencies can be spurred by policymakers, but can also be helped by increased cooperation among dairy farmers.



• Capitalizing on climate incentives

• Food systems perspective

• Balancing policy and consumer pressures
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Vision for the Future – Dairy Industry Stakeholders
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Presenter Notes
Presentation Notes
Other actors in the dairy industry also have a pivotal role to play. First is capitalizing on climate incentives. When funds are mobilized and made available to aid in GHG emissions mitigation, it is important to take advantage of these opportunities. Slovakian consumers care about whether their food was produced in a climate-smart way, which can lead to increased profits from climate-smart products. It is also important to take a whole of food systems perspective. It is not only important to consider economic pressures, but the policy landscape and environmental externalities as well. As with dairy farmers, dairy processors, co-ops, and retailers can also play a pivotal role in supporting climate-smart and environmentally sustainable dairy production.That said, government regulations or the enabling environment and consumer pressures may not perfectly align. It will be important to be prepared for competing pressures and demands when making business decisions. 



• “Whole farm” approach to animal science

• One Health/One Welfare approach

• Environmental and economic consulting
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Vision for the Future – Veterinary & Agricultural Science
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Presenter Notes
Presentation Notes
Veterinarians and animal science practitioners also have a critical role to play. With the climate crisis already leading to changes in how we raise animals for food, having a “whole farm” approach to animal science is critical. This includes thinking about how on-farm animal health, breeding, nutrition and milk quality-related decisions will affect environmental as well as milk production outcomes. That said, it is always important to consider the welfare of the animals and their human caretakers along with environmental sustainability. Thus, recognizing the interconnectedness between farmer, cattle, and ecosystem health and welfare is critical when giving recommendations.In the future, veterinarians and animal scientists may be called upon to consult not just on animal health, welfare, and nutrition, but also environmental sustainability and economics, as the interdependence of these variables become clearer and more important.



• Mobilizing climate funds

• Creating a sustainable dairy production enabling environment

• Leveraging private sector partnerships

• Supporting robust data collection & information dissemination
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Vision for the Future – Agricultural Policymakers
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Presenter Notes
Presentation Notes
Finally, policymakers have the potential to spearhead the move towards a more climate-smart dairy industry in Slovakia. This can be achieved by mobilizing climate funds that are accessible by the dairy industry; creating an enabling environment where a sustainable dairy industry can thrive; creating and strengthening private sector partnerships; and supporting robust climate data collection and information dissemination to farmers and other dairy stakeholders.All of these measures are key pieces of the puzzle that work in concert to support the complex and difficult task of significantly reducing methane emissions from the dairy sector in Slovakia.
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Thank you!

Dr. Emma Bratton, DVM
ebratton@usaid.gov
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