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This study investigates the environmental and food security implications of livestock 
abortions and calf mortality in Tanzanian dairy systems and Kenyan beef systems 
by utilizing data from previously published studies. The environmental impact of 
livestock abortion is assessed in Tanzanian dairy systems, examining indigenous 
and exotic breeds of cattle and goats in Northern Tanzania. Calf mortality’s impact 
is evaluated in Kenyan beef systems, involving local cattle breeds in western Kenya. 
Greenhouse gas (GHG) emission intensity (EI) is estimated for both countries. The 
GHG emissions in Tanzania consider enteric fermentation, manure management, 
and feed production in different cattle and goat groups, as well as total milk 
production. In Kenya, enteric methane (CH4) EI related to calf mortality is assessed 
by estimating lifetime enteric CH4 emissions and total carcass production from 
dams and their offspring. The EI is compared between the observed scenario 
(16% calf mortality) and alternative scenarios (8, 4, and 0% calf mortality). A life 
cycle assessment using the Global Livestock Environmental Assessment Model-
interactive (GLEAM-i) examines GHG sources and potential tradeoffs. Estimates 
are made for milk and carcass losses due to abortions and calf mortality, scaled 
to represent the entire country. Abortion increases milk EI by 4–18% in Tanzania, 
while Kenya’s EI ranges from 25.9 to 27.6  kg CO2 eq per kg carcass weight. Animal 
protein loss due to abortions is equivalent to the potential annual animal protein 
requirements of approximately 649 thousand people in Tanzania, while a 16% 
calf mortality rate in Kenya is equivalent to per capita consumption of 4.5 million 
people. The findings highlight the significant impact of abortions and calf mortality 
on GHG emissions and animal protein availability, emphasizing the potential for 
reduced emissions and improved food security through mitigation efforts. The 
contribution of emissions from enteric fermentation and manure management 
is significant across both countries, underscoring the importance of a systems 
perspective in evaluating the environmental impact of livestock production. This 
study provides insights into the environmental and food security implications of 
livestock abortions and calf mortality in Tanzania and Kenya, emphasizing the 
need for targeted interventions in sustainable livestock production.
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1 Introduction

In low- and middle-income countries (LMIC), population growth, 
increased incomes, and urbanization have intensified the demand for 
animal-source foods (ASF; Latino et  al., 2020). As such livestock 
production is currently one of the fastest-growing sectors within the 
agriculture industry in developing countries (Schneider and Tarawali, 
2021), with projections indicating a three-fold increase in meat and a 
two-fold increase in milk demand across Africa between 2015 and 
2050 (FAO, 2018). Meeting this escalating demand for animal-source 
foods in an environmentally sustainable manner poses a formidable 
challenge for the agriculture industry (Henchion et al., 2021).

A significant environmental challenge arises from the greenhouse 
gas (GHG) emissions associated with livestock farming as the global 
livestock sector is estimated to account for approximately 12% of all 
anthropogenic GHG emissions, with cattle meat and milk alone 
contributing 62% of these emissions (FAO, 2023). Identifying and 
implementing strategies that reduce emission intensity (EI = emission 
per unit of ASF; Durojaye et  al., 2020) is crucial to fulfilling the 
demand for ASF without exacerbating GHG emissions (Skuce 
et al., 2016).

Improving livestock health presents a promising and cost-effective 
approach to increasing production while reducing GHG EI (Skuce 
et al., 2016). The World Organization for Animal Health (WOAH) 
estimates that approximately 20% of global livestock production is lost 
annually due to animal diseases (World Organization for Animal 
Health, 2014). These losses are due to mortality, decreased production 
efficiency, and compromised output quality or quantity (Skuce et al., 
2016; Özkan et al., 2022). Abortions and calf mortality significantly 
contribute to these losses (Gulliksen et al., 2009; Keshavarzi et al., 
2017; Parvez et al., 2020). Implementing control measures to address 
abortion rates and calf mortality potentially reduces GHG EI (Skuce 
et al., 2016; Samsonstuen et al., 2020).

Understanding the effects of improving livestock health, 
specifically by reducing abortions and calf mortality, on production 
and GHG emissions is particularly relevant in sub-Saharan Africa 
(SSA), where livestock farming is the major contributor to agricultural 
GHG emissions (Leitner et al., 2020). Methane (CH4) emissions from 
enteric fermentation and manure management across SSA are 
estimated to contribute to approximately 21% of anthropogenic GHG 
emissions, while nitrous oxide (N2O) from applied, deposited, and 
managed manure account for approximately 11% of emissions 
(Graham et al., 2022). The demand for livestock products in SSA is 
expected to increase several-fold by 2050 (Herrero et  al., 2014) 
potentially contributing to an increase in livestock GHG emissions 
without mitigation efforts. Moreover, EI for milk and meat tend to 
be higher in SSA compared to other regions (FAO, 2023), due to 
productivity factors such as the relatively low milk and carcass yield 
in these systems, which in turn are influenced by livestock health 
issues including abortions and calf mortality (Skuce et al., 2016).

There are studies in non-African countries (Skuce et al., 2016; 
MacLeod and Moran, 2017) that demonstrated that addressing 
abortions and calf mortality in livestock herds reduces the EI of meat 

and milk production. However, there is a paucity of evidence in SSA 
that explore the relationship between animal health (specifically 
abortions and calf mortality), and GHG emissions. Consequently, 
there is a need for research to provide reliable quantitative estimates 
of the mitigation potential associated with improved animal health, 
particularly about abortions and calf mortality. This research paper 
aims to address this gap by quantifying the impact on the 
environmental footprint and food security resulting from livestock 
abortions and calf mortality in SSA livestock systems, using existing 
data that were collected from previous studies in Tanzania and Kenya.

2 Materials and methods

2.1 Study design

The data analyzed in this study was compiled from previously 
conducted studies in Tanzania on livestock abortion and calf mortality 
in Kenya that utilized a combination of cross-sectional and 
longitudinal approaches to collect the necessary data. The studies 
focused on examining two distinct livestock systems: dairy systems in 
Tanzania and beef systems in Kenya.

2.2 Data on livestock abortion

The data on livestock abortions was collected in northern 
Tanzania between October 2017 and September 2019. This region is 
known for its diverse range of agroecological systems and livestock 
management practices, including pastoralists, agro-pastoralists, and 
smallholder farmers (de Glanville et al., 2020). The studies by Thomas 
et  al. (2022), Lankester et  al. (2024) and Semango et  al. (2024) 
collected data from 13 wards randomly selected from the Arusha, 
Kilimanjaro, and Manyara regions in northern Tanzania. For a visual 
representation of the study area, refer to Figure  1 adopted from 
Thomas et al. (2022).

Detailed information on the data collection methods employed 
can be found in Thomas et al. (2022) and Lankester et al. (2024). In 
summary, farmers were instructed to report any abortion events either 
directly to the project field team or to their local livestock field officers 
via phone calls. Upon receiving a phone call, an investigation was 
initiated to gather detailed information about the dam that 
experienced the abortion, along with other demographic data. The 
collected data included the dam’s abortion history, previous abortions 
in the herd, herd management practices, herd composition, and the 
history of new animals introduced to the herd, among other factors.

The field team engaged with the farmers within 3 days of the 
abortion and followed up 28 days later to monitor the condition of the 
dam and collect information on milk yield after abortion. The timing 
of the abortion during pregnancy was determined through a 
combination of the farmers’ estimation and examination of the 
aborted fetus by qualified veterinarians. The survey covered both 
indigenous and exotic breeds of dairy cattle and goats, with the breeds 
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identified based on farmers’ perceptions rather than genetic testing. 
Input parameters for estimating GHG emissions were derived from 
Semango et  al. (2024), supplemented by additional information 
primarily sourced from national studies whenever available.

2.2.1 Estimation of greenhouse gas emission 
intensity from abortion data

To estimate the impact of abortions on milk production and 
subsequently, on daily GHG emissions and GHG EI, we calculated 
emissions for one calving or kidding interval and compared it between 
two groups: animals experiencing abortions (AB) and animals not 
experiencing abortions (NAB) for indigenous and exotic breeds. The 
calving or kidding interval refers to the duration between two 
consecutive calving or kidding events and was considered to 
be  approximately 16 months for cows and 9 months for small 
ruminants (Asimwe and Kifaro, 2007; Chenyambuga et al., 2010). For 
this study, abortion was defined as any loss of pregnancy in animals 
that were confirmed pregnant (Deresa et al., 2020).

The estimation considered CH4 emissions from enteric 
fermentation, CH4 and N2O from manure management, N2O from 
managed soils by manure and urine deposited on pasture, and N2O 
from inorganic fertilizer application to produce crop residue 
following the guidelines provided by the Intergovernmental Panel 
on Climate Change (IPCC, 2019) for low productivity systems in 
Africa. It also included estimation of CO2 emissions from inorganic 
fertilizer production. Input parameters for the estimation of GHG 
emissions were derived from the study, and additional information 

was primarily sourced from national studies whenever available as 
demonstrated in Table 1. In situations where national data were 
not accessible, the study employed default values for 
low-productivity systems in Africa from the IPCC (2019) 
guidelines.

2.2.1.1 Methane emissions from enteric fermentation
To estimate the gross energy intake (MJ day−1), the study 

considered the energy content of the diet (as outlined in Table 1) and 
the daily energy requirements of the cows and goats according to 
IPCC (2019) guidelines. These requirements encompass 
maintenance, milk production, and activity and pregnancy. The 
energy requirements for maintenance remained consistent for 
animals, irrespective of whether they experienced abortion or not. 
However, the energy requirement for milk production varied 
depending on the level of milk yield. Similarly, the energy 
requirements varied between the animals that aborted and those that 
did not abort. In line with the IPCC (2019) guidelines, a CH4 
conversion factor (Ym) of 7.0% for cattle and 5.5% for goats 
was utilized.

2.2.1.2 Methane and nitrous oxide emissions from manure 
management

The estimation of CH4 and N2O emissions originating from 
manure management utilized the guidelines provided by IPCC (2019).
The direct emissions of N2O and CH4 from manure in stables, storage 
facilities, and on pasture were calculated using Equation 10.25 and 

FIGURE 1

Map of the study area in Tanzania. Source: Thomas et al. (2022). Licensed under Creative Commons Attribution 4.0 (http://creativecommons.org/
licenses/by/4.0/).
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Equation 10.22, respectively. These equations provide the necessary 
framework to estimate the direct emissions of N2O and CH4 from 
manure in different settings.

In addition to direct emissions, the study also considered the 
indirect emissions of N2O. These indirect emissions encompass N2O 
derived from the volatilization of ammonia (NH3) and nitrogen oxides 
(NOx), as well as from the leaching of nitrate (NO3) from manure. The 
estimation of these indirect emissions was based on Equation 10.27 
and Equation 10.29 (IPCC, 2019, p. 10.77–78), which provide the 
necessary calculations to estimate N2O emissions resulting from 
these processes.

2.2.1.3 Emissions from manure deposited on pasture and 
feed production

The Tier 1 methodology outlined in the IPCC (2019) 
guidelines was employed to determine the N2O resulting from 
both direct and indirect sources, and N2O from manure deposited 
on pasture and applied for crop production. The direct emissions 
of N2O were estimated using Equation 11.1, as specified in the 
guidelines. Similarly, the indirect emissions of N2O from manure 
applied and deposited were computed using Equations 11.9 and 
11.10, which are relevant equations provided in the 
IPCC guidelines.

The CO2 and N2O emissions linked to crop residue relied on the 
composition of the diet. To determine the crop residue composition 
in the diet, we referenced a report by (Baltussen et al., 2020), which 
showed that 10% of the diet consisted of crop residue (wheat straw) 
and 90% was pasture. Since farming activities in this context are 

mostly manual or animal-powered, we assumed no emissions from 
energy usage during crop residue production.

To estimate the emissions associated with the production of wheat 
straw, including both N2O from the inorganic fertilizer applied on 
croplands and CO2 during the production of the inorganic fertilizer, 
we followed an indirect approach. Initially, the daily intake of wheat 
straw (in kg) was estimated based on its composition in the animals’ 
diet, which was determined to be 10%. We then estimated the land 
area (in hectares) needed to produce the estimated amount of wheat 
straw using data from (Tanzania Agricultural Research Institute, 
2023), assuming 1.6 tons of wheat per hectare, and a harvest index 
(HI) of 0.8. The HI is the ratio of wheat crop yield to the combined 
yield of wheat straw and wheat crop (Agegnehu et al., 2012).

To determine the amount of inorganic fertilizer needed per land 
area, we  consulted a report by Mussei et  al. (2001), which 
recommended the use of 41 kg per ha (18.9 kg N per ha) of urea and 
57 kg/ha (10.3 kg N per ha) of diamine phosphate. The nitrogen (N) 
content required to produce the estimated amount of crop residue was 
then computed. Once the fertilizer quantity was determined, the N2O 
emissions from fertilizer application were estimated using equations 
11.2, 11.9, and 11.1 from the IPCC (2019) guidelines. These equations 
provided us with the direct and indirect N2O emissions associated 
with the application of inorganic fertilizer.

Additionally, we calculated the CO2 emissions resulting from the 
production of the inorganic fertilizer. This estimation was based on 
the quantity of nitrogen (kg N) used in wheat crop residue production. 
We multiplied this quantity by the emission factor per kilogram of 
nitrogen in inorganic fertilizer, computed from the emission factor of 

TABLE 1 Input parameters to estimate the environmental impact of abortions.

Parameters Cattle Goats Source

Breed Indigenous Exotic Indigenous Exotic

Number of pregnancies* 1,383 181 5,309 192 Semango et al. (2024)

Number of non-aborting animals 1,294 165 4,216 176 Semango et al. (2024)

Number of Aborting animals 89 (6%) 16 (9%) 1,093 (21%) 16 (8%) Semango et al. (2024)

Bodyweight (kg), adult
260 325 38 49

Mruttu et al. (2016); Goopy 

et al. (2018)

Abortion rate (%) 6.69 12.50 20.74 11.94 Semango et al. (2024)

Average abortion period, days 181 181 106 106 Semango et al. (2024)

Milk yield (kg/day): No abortion 2.5 17.5 0.3 1.3 Semango et al. (2024)

Milk yield (kg/day): Abortion 2.2 12.2 0.2 0.9 Semango et al. (2024)

Lactation period, days 285 285 164 164

Semango et al. (2024); 

Jackson et al. (2012)

Milk fat (%) 4.40 4.40 4.34 4.34

Baltussen et al. (2020); 

Msalya et al. (2021)

Milk protein (%) 3.50 3.50 3.65 3.65

Baltussen et al. (2020); 

Msalya et al. (2021)

Specific gravity 1.28 1.28 1.28 1.28 Msalya et al. (2021)

Digestibility (%) 57.35 57.35 57.35 57.35 Baltussen et al. (2020)

Gross energy (MJ per kg DM) 17.51 17.51 17.51 17.51 Baltussen et al. (2020)

Parturition interval(days) 480 480 286 286 Asimwe and Kifaro (2007); 

Chenyambuga et al. (2010)

*Number of animals pregnant within the duration of study period.
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1.26 kg CO2 per kg fertilizer (GREET®, 2017). The emissions from 
pesticides were not accounted for due to a lack of data on pesticide use 
specific to the context being analyzed.

2.2.1.4 Emission intensity
Emissions of GHGs were estimated for animals with abortions 

and without abortions for indigenous and exotic animals and were 
expressed as kg CO2 equivalents (CO2 eq) per kg fat-and-protein-
corrected milk (FPCM), which is calculated as milk production 
standardized to fat and protein content of the respective animal 
(International Dairy Federation, 2015). Emissions from different 
sources were summed based on their equivalent factor: 1 for CO2, 27 
for CH4, and 273 for N2O (100-year time horizon; Forster et al., 2021). 
Emissions intensities were expressed to a functional unit of 1 kg of fat 
and protein-corrected milk (FPCM).

 

Where “kg FPCM” represents the fat-protein-corrected milk yield 
in kilograms; “Milk kg” refers to the weight of the milk produced, 
measured in kilograms; 0.1226 represents the estimated conversion 
factor or weightage given to the fat content in determining the FPCM 
value; “Fat %” represents the percentage of fat in the milk; 0.0776 
represents the estimated conversion factor or weightage given to the 
protein content in determining the FPCM value; and “Protein %” 
represents the percentage of protein in the milk; 0.2534 is a constant 
value that represents the contribution of factors other than fat and 
protein to the FPCM value.

2.2.2 Milk loss associated with abortion
The milk loss resulting from abortion was determined by 

calculating the average daily milk yield difference between animals 
that aborted and those that had a live birth. To estimate the total milk 
loss associated with abortion, the average daily milk yield difference 
reported by Semango et al. (2024) is multiplied by the lactation period 
within a specific calving or kidding interval.

2.2.3 Carcass loss associated with abortion
The study estimated the potential carcass loss or yield that could 

have been obtained from the aborted fetus if it had reached maturity. The 
calculation considered 25% calf mortality, 9% adult cattle mortality, 20% 
kid mortality, and 8% adult goat mortality derived from Baltussen et al. 
(2020). This estimation was made by multiplying the average slaughter 
weight by the dressing percentage (shown in Table 2) and then further 
multiplying the result by the observed number of abortions. Assuming 
an equal male-to-female ratio for the aborted fetuses, the average carcass 
weight was assumed to be the average slaughter weight of both female 
and male cattle. To convert the carcass into protein, a meat yield of 85.0% 
(Mummed and Webb, 2019) and meat crude protein (CP) content of 
21.0% (on a wet basis; Muchenje et al., 2008) were considered.

2.2.4 Impact of milk and meat loss caused by 
abortion at the national level

To obtain a comprehensive understanding of the impact of milk 
and carcass loss associated with abortions, we extended our estimates 
to a national livestock population of the category of livestock studied 
as well as animal protein consumption levels. By extrapolating these 

estimates, we aimed to provide insights into the magnitude of the 
losses experienced by the entire human population, allowing us to 
conclude on a broader scale. At the national level, the abortion 
numbers were estimated as follows: 102,147 for indigenous cattle, 
11,759 for exotic cattle, 558,022 for indigenous goats, and 6,475 for 
exotic goats (Semango et al., 2024). We assumed a daily per capita 
protein consumption of 10 g and an annual per capita meat and milk 
protein consumption of 3.65 kg, which were derived from data 
obtained from the Tanzania Bureau of Statistics in 2019.

2.3 Data on calf mortality

The data on calf mortality was collected in western Kenya between 
2007 and 2009 as part of the Infectious Diseases of East Africa 
Livestock (IDEAL) project.1 The study area (Figure 2) covered Busia, 
Bugoma, Kakamega, and Siaya counties. It considered 20 sub-locations 
within each district, representing the smallest administrative units in 
Kenya with available cattle data.

Detailed information on the data collection methods employed 
can be found in (de Clare Bronsvoort et al., 2013). In summary, the 
study targeted indigenous African Shorthorn Zebu calves and their 
causes of death. Within each of the 20 selected sub-locations, 28 
calves were randomly chosen to achieve a minimum sample size of 
500 calves. The selection criteria included age (3–7 days), natural 
birth, and non-zero-grazing conditions. Recruitment took place 
over a 5-week cycle, visiting 4 sub-locations per week, spanning 
3 years. A reporting pathway was established from farmers to the 
IDEAL Office through sub-location chiefs and sub-chiefs. At each 
visit, calves were subjected to weight measurements, blood 
sampling, and fecal samples to screen for pathogens. The IDEAL 
staff attended dead calves to get clinical history, conduct a post-
mortem examination and collect samples for further analysis to 
determine the cause of death. Information on the dams of the 
recruited calves had also been collected, including parity and 
heart girth.

Several useful variables, including the average weaning age of 
340 days, a male-to-female calf ratio of 52:48, a calf mortality rate 
of 16%, and a calving interval of 1.3 years were retrieved from the 
study or the database. These variables were included in the enteric 
methane, EI, and carcass loss estimation. These data were 
supplemented by additional information primarily sourced from 
national studies whenever available. These included variables such 
as dressing percentage, mature live weight, age at attaining mature 
weight, average age at first calving, and calving interval (Table 3).

2.3.1 Estimation of enteric methane emission 
intensity from the calf mortality data

The study aimed to estimate EI from calf mortality in meat 
production. The methodology incorporated primary data collected 
through cross-sectional and longitudinal studies and supplemented 
with relevant information obtained from literature sources (Table 3). 
In cases where country-specific data was unavailable, default values 
for low-production systems in Africa from the IPCC (2019) were 

1 http://data.ctlgh.org/ideal/

( ) ( )kg FPCM Milk kg 0.1226 Fat% 0.0776 Protein% 0.2534= × × + × +  
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FIGURE 2

Map of the study area in Kenya. Source: de Clare Bronsvoort et al. (2013). Licensed under Creative Commons Attribution (http://creativecommons.org/
licenses/by/2.0).

TABLE 3 Input sources from literature to supplement calf mortality data.

Parameters Value Source(s)

Culling age of cows (years) 10 Rege et al. (2001)

Dressing percentage (%) 55 AU-IBAR (2019)

Average mature live body weight (kg), female 288 AU-IBAR (2019)

Average mature live body weight (kg), male 294

State Department 

of Livestock (2024)

Age at attaining mature weight (months) 24 AU-IBAR (2019)

Average age at first calving (months) 36 AU-IBAR (2019)

utilized. The calves were finished at 24 months at 288 kg for females 
and 294 kg for males as shown in Table 3 above, and the cattle are 
finished on pasture.

To provide a comprehensive assessment of enteric emissions and 
EI, we  employed the “animal life and production loss (ALPL)” 
approach. This approach considers both the enteric emissions and 
production losses associated with the entire lifespan of the animals, 
before their slaughter. After removing outliers based on live weight, 
the model started with 523 cows (dams) over 10 years, encompassing 
5 parities, which represents the lifespan of short horn zebu beef dams 
reared under pasture conditions (Rege et al., 2001). It was assumed 
that these cows were either slaughtered or sold for meat purposes 
after completing 5 parities. The newborn calves from each calving 
were raised until they reached finishing age. The quantity of beef 
carcass produced (measured in kilograms) was calculated based on 
the number of cattle slaughtered (dams, finished bulls, and finished 
heifers), their respective slaughter weights, and the dressing 
percentage (Table 3).

TABLE 2 Live weight, slaughter weight and dressing percentage of different cattle and goats.

Animal type
Live weight of meat 

females at slaughter, kg
Live weight of meat 

males at slaughter, kg
Dressing  

percentage (%)
Sources

Indigenous cattle 200 260 50 Shirima et al. (2016); Baltussen et al. (2020)

Exotic cattle 310 430 50 Baltussen et al. (2020)

Goats 20.5 24 47.15 Shija et al. (2013); Baltussen et al. (2020)

https://doi.org/10.3389/fsufs.2024.1390047
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
http://creativecommons.org/licenses/by/2.0
http://creativecommons.org/licenses/by/2.0


Gurmu et al. 10.3389/fsufs.2024.1390047

Frontiers in Sustainable Food Systems 07 frontiersin.org

2.3.1.1 Methane emission from enteric fermentation
The estimation of enteric methane emission was conducted 

according to IPCC (2019) as described for the abortion data. The 
following steps were followed to estimate the enteric emission using 
the ‘ALPL’ approach.

 1 Total enteric CH4 emissions were estimated for the 523 dams 
at each development stage until the time of slaughter (five 
parities or four lactations). These stages include birth to 
weaning, weaning to mating, first gestation, and four calving 
intervals. The emissions from all these stages were summed to 
determine the total lifetime emissions of individual dams.

 2 The total enteric emissions were calculated for surviving male 
and female calves that were maintained until slaughter 
(finishing). Emissions were calculated from birth to finishing. 
This value was then multiplied by five to account for the calves 
produced during the dam’s lifetime. All calves that survived 
the first year were assumed to survive until finishing age.

 3 For each male and female dead calf, enteric emissions from 
birth to death were estimated. This value was also multiplied 
by five to account for the five parities in the dam’s lifetime, 
assuming a constant calf mortality rate for all parties.

 4 The total lifetime enteric emissions of dams and calves were 
obtained by summing the emissions estimated in steps 1–3.

2.3.1.2 Emission intensity
The enteric CH4 EI (kg CO2 eq per kg carcass) was estimated by 

dividing the total lifetime enteric CH4 emissions by the total carcass 
weight. The total carcass weight (kg) produced by dams, finishing male 
calves, and finishing female calves was estimated, taking into account 
the slaughter weight and dressing percentage. The total lifetime enteric 
emissions of dams and calves were converted to kg CO2 eq according 
to Forster et al. (2021) as described in the abortion data.

The above approach to estimating the enteric CH4 EI in meat 
production was applied to four scenarios (one business-as-usual (BAU) 
and three alternatives) as shown in Table 4. The baseline scenario (BAU) 
was based on the observed calf mortality rate of 16%. The alternative 
scenarios were based on hypothetical calf mortality rates of 8, 4, and 0% 
for scenarios 1, 2, and 3, respectively. For all scenarios, we assumed a 
similar herd size, herd structure (number of dams, male-to-female calf 
ratio), male and female slaughter weights, and dressing percentage.

2.3.2 Carcass loss from calf mortality data
To estimate the carcass and protein loss due to calf mortality, an 

analysis was made considering different calf mortality scenarios. The 
quantity of carcass lost was calculated by multiplying the number of 
dead calves with their mature weight and dressing percentage (as 
shown in Table 3). To convert the carcass into protein, a meat yield of 
85.0% (Mummed and Webb, 2019) and meat CP content of 21.0% (on 
a wet basis; Muchenje et al., 2008) were considered.

2.3.3 Impact of meat loss caused by calf mortality 
at the national level

To obtain a comprehensive understanding of the impact of 
carcass/meat loss associated with calf mortality, we  extended our 
estimates to a national livestock population of the category of livestock 
studied as well as animal protein consumption levels. The population 
of cows, which is 4,070,464, utilized for extrapolating the loss to the 
national level, was obtained from the State Department of Livestock 
(2024). This way, the magnitude of the losses experienced by the entire 
population is shown. We  considered a per capita crude protein 
consumption of 5.65 g per year, as reported by Groot et al. (2023).

2.4 GLEAM-i assessment

Using the Global Livestock Environmental Assessment Model-
interactive (GLEAM-i), we carried out an additional assessment to 
look at the tradeoffs in terms of sources of different GHGs. This is 
made to ascertain the share of individual GHGs in the total emissions 
in both cases. The computations were carried out over 1 year for the 
datasets from both countries.

3 Results

3.1 Greenhouse gas emission intensity of 
milk in Tanzania

A comparison was conducted to assess the EI of milk in 
indigenous and exotic cows, considering cases with and without 
abortion (Table 5). For indigenous cattle with no abortion (IC-NAB), 
the EI of milk was 3.3 kg CO2 eq per kg FPCM. This value increased 

TABLE 4 Animal performance and inputs for scenarios used to estimate Greenhouse gas emission intensities from beef cattle operations in the lifetime 
of the cow.

Parameters BAU Scenario 1 Scenario 2 Scenario 3

Calf mortality, % 16 8 4 0

Dams, head* 523 523 523 523

Total male calves, head* 1,360 1,360 1,360 1,360

Female calves, head* 1,255 1,255 1,255 1,255

Male dead calves, head* 235 120 60 0

Female Dead calves, head* 185 90 45 0

Heifers slaughtered, head** 1,070 1,165 1,210 1,255

Bulls slaughtered, head** 1,125 1,240 1,300 1,360

*Derived from survey.
**Vary across scenarios depending on calf mortality.
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by 4% for IC-AB. In the case of exotic cattle with no abortion 
(EC-NAB), the EI was lower at 1.16 kg CO2 eq per kg FPCM, while it 
increased by 15% in exotic cattle with abortion (EC-AB).

Table  6 presents a comparison of the EI of milk between 
indigenous and exotic goats with and without abortion. The EI is 
highest for IG-AB at 5.2 kg CO2 eq per kg FPCM, followed by IG-NAB 
at 4.86 kg CO2 eq per kg FPCM. EG-NAB has a lower EI at 1.9 kg CO2 
eq per kg FPCM, and the EI increased by 18% for EG-AB.

3.2 Carcass and milk loss due to abortion in 
Tanzania

Table 7 provides the results of milk loss associated with abortion. 
For indigenous cattle, the milk loss per day is 0.33 kg, resulting in a 
milk loss of 94.8 kg per lactation period of 285 days. At the national 
level, the estimated milk loss associated with abortion in indigenous 
cattle is 9,687 metric tons per year. For exotic cattle, the milk loss per 
day is 6.73 kg, leading to a milk loss of 1,918.5 kg per lactation period 
of 285 days. The estimated milk loss at the national level for exotic 
cattle is 22,560 metric tons per year. In the case of indigenous goats, 
the milk loss per day is 0.03 kg, resulting in a milk loss of 4.2 kg per 
lactation period of 150 days. The estimated milk loss at the national 
level for indigenous goats is 2,342 metric tons per year. For exotic 
goats, the milk loss per day is 0.42 kg leading to a milk loss of 69.3 kg 
per lactation period of 150 days. The estimated milk loss at the 
national level for exotic goats is 448 metric tons per year. The total 
milk loss associated with abortion, considering all animal categories, 
is 35,038 metric tons per year. This is equivalent to a loss of 1,230 
metric tons of milk protein.

Table  8 provides the results of carcass loss associated with 
abortion. The table includes the slaughter weight for each animal 
category and the estimated carcass loss at the national level. For 
indigenous and exotic cattle, the estimated carcass losses at the 
national level are 3,993 and 739 metric tons, respectively. In the case 
of indigenous and exotic goats, the estimated carcass losses are 1,620 
and 18 metric tons, respectively. The total estimated carcass loss 
associated with abortion, considering all animal categories, is 6,373 
metric tons. This is equivalent to 1,137 metric tons of meat protein lost 
over a year.

Table 9 reveals that animal protein loss associated with abortion 
accounts for the potential animal protein requirements of 

approximately 649 thousand people in Tanzania per year. This assumes 
the current per capita consumption of animal protein of 3.65 kg per 
capita per year. These results demonstrate the significant impact of 
preventing milk and meat losses on protein availability and potential 
access to meat and milk protein.

3.3 Enteric methane emission intensity of 
meat production in Kenya

The total lifetime CH4 emission for the BAU scenario was 
approximately 12 million kg CO2 eq (Table  10). Scenarios (1–3) 
resulted in increased total emissions with increasing calf survival, 
compared with BAU.

Emission intensities for BAU and alternative scenarios ranged 
from 25.9–27.6 kg CO2 eq per kg carcass weight carcass (Table 10). 
Reducing calf mortality from 16 to 8%, 4, and 0% resulted in a 
reduction of EI by 3.2, 4.6 and 5.9%, respectively.

3.4 Loss of animal protein due to calf 
mortality in Kenya

The results presented in Table 11 illustrate the estimated impact 
of protein loss associated with calf mortality in Kenya. The animal 
protein loss with a 16% calf mortality rate is translated to losses 
equivalent to annual per capita consumption by 4.5 million people, 
assuming a beef CP consumption of 2,064 g per capita per year. When 
the calf mortality rate decreases to 8%, it is translated to losses 
equivalent to per capita consumption by 2.2 million people, indicating 
a significant improvement in protein availability for the population. 
With a calf mortality rate of 4%, it is translated to losses equivalent to 
the annual per capita consumption of 1.1 million people. This reflects 
a consistent decrease in losses translated to per capita consumption 
across the population.

3.5 Emission trade-offs using GLEAM-i

In Tanzania, the total GHG emissions were lower in the group that 
experienced abortion compared to the group that did not, for both 
cattle and goats. Among the various emission sources, enteric 

TABLE 5 Comparison of emissions and emission intensity of milk (kg CO2 eq per kg FPCM) between indigenous and exotic cattle without abortion and 
with abortion.

Parameter IC-NAB IC-AB EC-NAB EC-AB

CH4: enteric fermentation 3,163,623 211,735 1,084,183 83,836

CH4: manure management 118,856 7,955 40,732 3,150

N2O: manure management 265,431 17,955 71,288 5,817

Feed: N2O from manure applied and deposited 391,650 26,508 103,634 8,488

FEED: N2O from fertilizer production 134,646 1,333 3,090 300

Feed: CO2 from fertilizer application 65,337 647 1,500 145

Total GHG production 4,139,543 266,133 1,304,427 101,736

Total milk production 1,255,979 77,401 1,121,063 76,034

Milk emission intensity 3.30 3.44 1.16 1.34

IC-NAB, Indigenous cattle with no abortion; IC-AB, indigenous cattle with abortion; EC-NAB, Exotic cattle with no abortion; and EC-AB, Exotic cattle with abortion.
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fermentation stood out as the largest contributor, accounting for 
approximately 87% of the total GHG emissions. The second most 
significant contributor was manure emissions, with N2O and CH4 
being responsible for about 34–35 and 3% of the emissions, 

respectively. A similar trend was observed in Kenya for all scenarios 
of calf mortality, except that the N2O emissions from manure were 
slightly lower, accounting for 30% of the total emissions.

4 Discussion

The impact of breed and abortion on milk EI was investigated in 
the study, with noteworthy findings. Using this methodology, exotic 
breeds were found to have lower estimated EI in milk production 
compared to indigenous breeds. This can be attributed to factors such 
as their higher milk production potential and greater feed conversion 
efficiency if better diets are fed to these breeds, both of which lead to 
lower CH4 production per unit of milk, as indicated by FAO and 
NZAGRC (2017). The study placed particular emphasis on the 
significant role of mean milk yield in influencing EI. It demonstrated 
that an increase in milk yield per cow resulted in a decrease in 
EI. These findings aligns with a separate study conducted by Ndung'u 
et al. (2022) in Kenya, which highlighted that the average milk yield 
per animal, rather than milk production per farm, was the primary 
factor influencing EI. Consistent with the findings from the abortion 
data, Ndung'u et al. (2022) found that an increase in milk yield was 
associated with a reduction in EI.

The findings demonstrated that abortion increased EI in both 
indigenous and exotic animals. The rise in EI is associated with the 
reduction in milk yield resulting from abortion. Previous studies have 
indicated that abortion leads to marked reductions in total and daily 
milk yield (Gädicke et al., 2010; El-Tarabany, 2015). The increase in EI 
is more pronounced in exotic breeds, with a 15% increase in cows and 
an 18% increase in goats, compared to a 6% increase in cows and a 7% 
increase in goats for indigenous breeds. This increase in EI is a result 
of the comparatively larger decrease in total milk production due to 
abortion, with a 30% decrease in cows and a 26% decrease in goats for 
exotic breeds, as opposed to a 10% decrease in cows and an 8% 
decrease in goats for indigenous breeds. It is worth highlighting that 
there are relatively fewer exotics within the local study livestock 
population, so we  do have to be  more careful generalizing the 
estimates. Despite this, the higher decrease in milk yield observed in 
exotic breeds is consistent with the findings of Keshavarzi et al. (2020), 
who reported a reduction of milk yield by 19% in Holstein cows as a 
result of abortion. Indigenous breeds often have lower milk production 
potential compared to exotic breeds (Gebreyohanes et  al., 2021). 

TABLE 6 Comparison of emissions and emission intensity of milk (kg CO2 eq per kg FPCM) between indigenous and exotic goats with and without 
abortion.

Parameter IG-NAB IG-AB EG-NAB EG-AB

CH4: enteric fermentation 856,420 218,330 71,629 5,619

CH4: Manure management 34,190 8,716 2,860 224

N2O: manure management 24,018 6,151 1,807 146

Feed: N2O from manure applied and deposited 221,107 56,632 16,556 1,338

FEED: N2O from fertilizer production 8,344 2,127 698 55

Feed: CO2 from fertilizer application 4,049 1,032 339 27

Total GHG production 1,148,128 292,988 93,888 7,409

Total milk production 236,424 56,390 49,349 3,302

Milk emission intensity 4.86 5.20 1.90 2.24

IG-NAB, Indigenous goats with no abortion; IG-AB, indigenous goats with abortion; EG-NAB, Exotic goats with no abortion; and EG-AB, Exotic goats with abortion.

TABLE 7 Loss of milk production (kg) within one lactation period 
associated with abortion.

Animal 
category

Milk loss 
animal−1  day−1

Milk loss 
animal−1 

lactation−1

Milk loss 
at 

national 
level

Indigenous cattle 0.33 94.8 9,686,925

Exotic cattle 6.73 1918.5 22,560,208

Indigenous goat 0.03 4.2 2,342,434

Exotic goat 0.42 69.3 448,477

Total 35,038,043

TABLE 8 Slaughter weight (kg) and carcass loss (kg) associated with 
abortion over a year.

Animal category Slaughter weight Carcass loss at 
national level

Indigenous cattle 230 3,993,948

Exotic cattle 370 739,641

Indigenous Goat 22 1,620,741

Exotic Goat 22 18,806

Total 6,373,136

TABLE 9 Summary of protein loss and consumption data in Tanzania 
associated with livestock abortions.

Description Amount

Protein from milk saved (kg) 1,230,518

Protein from meat saved (kg) 1,137,604

Total Protein Saved (Meat and Milk; kg) 2,368,122

Daily animal protein consumed (g per capita per d) 10

Annual Red Meat and Milk Consumption (kg per capita per year) 3.65

Losses translated to human population 648,801
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TABLE 11 Impact of calf Mortality on productivity loss at National Level.

Calf loss (% 
of born 
calves)

Food loss (beef; 
CP g dam−1  year-1)

Consumption of beef 
(CP gcapita−1  year−1)

Dam population 
(number)

Total beef 
loss protein in 

Kenya (t CP 
year−1)

Losses translated 
to human 

population 
(headyear−1)

16% (BAU) 2,291 2,064 4,070,464 9,324 4,518,296

8% 1,146 2,064 4,070,464 4,663 2,259,537

4% 573 2,064 4,070,464 2,331 1,129,768

0% 0 2,064 4,070,464 0 0

When abortion occurs in indigenous breeds, the absolute decrease in 
milk yield may be comparatively less pronounced due to their lower 
baseline milk production. For instance, in the case of cows, the 
absolute decrease in daily milk yield may be from 2.5 to 2.2 liters, 
while in goats, it may be decreased from 0.25 to 0.23 liters. These 
smaller absolute decreases can be attributed to the fact that indigenous 
breeds typically have lower initial levels of milk production compared 
to higher-yielding exotic breeds.

As increased levels of milk production are associated with 
increases in GHG emissions it may seem logical to assume that 
abortion which leads to lower milk production would result in 
reduced emissions (Skuce et  al., 2016; Keshavarzi et  al., 2020). 
However, this idea may give the impression that abortion will also 
lead to lower EI of products, but this holds true if we assume that 
abortion results in reduced feed consumption (De Vries, 2006). 
These resources contribute to the overall emissions of the system. 
Consequently, the EI of milk produced in cases with abortion can 
be  increased due to the lower milk yield associated with 
the abortion.

The timing of abortion during the gestation period also 
significantly impacts the emission profile. According to Keshavarzi 
et  al. (2020), the stage of pregnancy when abortion occurs has a 
profound effect on production performance. For instance, early 
abortions where the ongoing lactation remains uninterrupted and the 
nutritional requirements to support the developing fetus are relatively 
small (Rhind, 2004), have a smaller environmental footprint compared 
to late-term abortions. Therefore, generalizing the observed EI 

reduction associated with abortion without considering timing can 
be misleading.

In the Tier 2 methodology for estimating enteric CH4 emissions, 
the Ym, which represents the percentage of feed energy converted to 
CH4, does not currently account for the effects of abortions. Özkan 
et al. (2022) suggest that the health status of animals can influence 
their energy requirements. Considering this finding, it becomes 
necessary to conduct further research to investigate the potential 
impact of abortions on feed intake. By exploring this aspect, we can 
enhance the accuracy of estimating enteric CH4 emissions and better 
understand the relationship between reproductive health and methane 
production in animals.

The implications of reduced calf mortality on enteric CH4 EI in 
beef production were also examined. The findings from the analysis 
using the IDEAL study data in Kenya demonstrated a decrease in 
enteric CH4 EI with lower calf mortality rates, highlighting the 
importance of addressing this issue. One of the primary drivers 
behind the observed reduction in EI is the reduction of “unproductive 
emissions” (Gerber et al., 2013; FAO and NZAGRC, 2017). This can 
be  due to when calves die, the emissions associated with their 
conception, growth in the dam, and upbringing remain, while their 
potential meat production (carcass weight) is lost. As a result, 
scenarios with higher calf mortality rates exhibit a higher EI. Previous 
research by Samsonstuen et al. (2020) supports this finding, as they 
reported that reduced calf mortality from 3.6 to 0% reduced the 
enteric CH4 EI by 3.7%. Moreover, Samsonstuen et al. (2020) revealed 
a reduction in EI by 11.2% by implementing a combination of 

TABLE 10 Total carcass production (kg), total enteric methane emissions (kg CO2 eq), and enteric methane emission intensity (kg CO2 eq per kg 
carcass).

Item BAU (16%) Scenario 1 (8%) Scenario 2 (4%) Scenario 3 (0%)

Carcass dams 82,901 82,901 82,901 82,901

Carcass finished males 180,923 199,417 209,066 218,715

Carcass finished females 169,606 184,664 191,797 198,930

Carcass total 433,429 466,982 483,764 500,546

Emission dams, kg CO2 eq 6,130,860 6,130,860 6,130,860 6,130,860

Emission finished males, kg CO2 eq 2,863,571 3,156,291 3,309,015 3,461,739

Emission finished females, kg CO2 eq 2,880,933 3,136,716 3,257,877 3,379,038

Emission male dead calves, kg CO2 eq 33,908 17,315 8,657 -

Emission female dead calves, kg CO2 eq 29,895 14,543 7,272 -

Emissions total 11,939,166 12,455,725 12,713,681 12,971,636

Emission intensity 27.6 26.7 26.3 25.9
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strategies aimed at reducing calf mortality by 10.8%, alongside other 
mitigation measures, such as improving female fertility, in Norwegian 
beef cattle herds. These findings provide compelling evidence for the 
role of reducing “unproductive emissions” in reducing enteric CH4 EI 
in beef production.

It is essential to recognize that the timing of calf mortality plays a 
pivotal role in determining the magnitude of “unproductive emissions” 
and, consequently, the EI. In the pre-ruminant phase, when calves 
primarily consume milk, enteric CH4 emissions are assumed to 
be negligible according to the IPCC (2019). As a result, mortality 
during this phase may have a relatively smaller direct impact on 
enteric CH4 emissions compared to post-weaning mortality. The 
direct impact on enteric CH4 emissions is expected to be  more 
pronounced after the calves have transitioned to a solid feed-based 
diet and actively ferment feed in the rumen. These considerations 
should be taken into account when implementing strategies to reduce 
calf mortality and mitigate EI.

Reducing calf mortality can be achieved by enhancing dam and 
calf health. In the IDEAL dataset, more than 80% of diagnosed calf 
deaths in the study were associated with infectious diseases (de Clare 
Bronsvoort et al., 2013). Hence, calf health can be improved through 
various management practices, such as good hygienic practices, 
vaccination, and enhanced veterinary services such as diagnostics, to 
minimize the risk of infections (Murray et al., 2016) and improve 
disease control and treatment outcomes. Reducing calf mortality often 
comes with additional costs, necessitating careful consideration of the 
economic feasibility for individual producers. Implementing improved 
management strategies can be costly. Therefore, conducting not only 
studies on calf deaths but also cost–benefit analyses, as suggested by 
Nganga et al. (2020), is crucial to determine the optimal strategies and 
investment levels for different contexts.

Livestock production plays a crucial role in food security and 
nutritional well-being, particularly in LMICs (Idamokoro, 2023). 
However, the challenges of abortion and calf mortality can significantly 
hinder the full potential of this sector (Skuce et al., 2016). The study 
conducted in Tanzania and Kenya sheds light on the extensive 
consequences of these issues, particularly in terms of protein 
availability and overall food security.

Previous studies demonstrated the impact of abortion on animal 
protein losses (Kardjadj, 2018; Keshavarzi et al., 2020). The present 
study also depicted the protein losses associated with livestock 
abortions. The implications for food security are evident (Alemayehu 
et al., 2021), as the results revealed that preventing abortions could 
provide the potential annual animal protein requirements of 
approximately 649 thousand people in Tanzania. These findings 
emphasize the critical role that interventions targeting abortions can 
play in addressing dietary deficiencies (African Union 
Commission, 2015).

The study in Kenya revealed how calf mortality affects protein 
access at the national level. A 16% calf mortality rate is translated to 
protein loss equivalent to annual per capita consumption by 4.5 million 
people. These findings are consistent with previous research by 
Prachurja (2023), which highlighted the economic losses for farmers 
and the broader nutritional concerns associated with calf mortality. 
Therefore, the scenarios with lower calf mortality rates (8, 4, and 0%) 
result in a significant decrease in losses translated to per capita 
consumption across the population. This highlights the importance of 
implementing strategies to improve calf survival. Policymakers and 

stakeholders in agriculture and livestock management must take note 
of these findings and invest in targeted interventions to safeguard both 
the livelihoods of farmers and the protein security of vulnerable 
populations. In addition to the potential benefit from increased protein 
supply and its general contribution to food security, abortion, and calf 
mortality can contribute to other Sustainable Development Goals 
(SDGs). Reducing food loss and waste is one of the targets of the 
SDGs.2 The Food and Agricultural Organization demonstrated how big 
the contribution of mortalities during breeding to global estimates of 
food loss was estimated to be (Gustafsson et al., 2013).

The findings from the GLEAM-i assessment open up research 
opportunities for exploring innovative technologies and practices to 
reduce emissions from enteric fermentation and manure management. 
Continued research and development in these areas will contribute to 
sustainable livestock production and the overall goal of mitigating 
climate change. The findings highlight the importance of considering 
the systems perspective when evaluating the environmental impact of 
livestock production.

5 Limitations

The study faces several limitations primarily due to the reliance on 
datasets initially intended to assess livestock abortions and calf mortality, 
which were later adapted to evaluate GHG emissions. This repurposing 
presents challenges in managing data heterogeneity, ensuring consistency, 
and addressing generalizability. Differences in the data sources make it 
difficult to achieve uniform analysis, especially when combining multiple 
datasets with varying collection methods and variables. To address 
missing data, IPCC default values or country-specific estimates from the 
literature were often used, which may limit methodological transparency 
and the accuracy of findings. These limitations could affect the reliability 
of the results and pose challenges for updating data sources and refining 
the analysis in future studies.

6 Conclusion

In conclusion, addressing abortions and calf mortality presents 
opportunities to reduce GHG EI and increase food security. The present 
study focused in Tanzania and Kenya, and it is essential to conduct further 
research to assess the generalizability of these findings to other contexts 
and livestock populations. Furthermore, a more detailed roadmap for 
potential interventions is needed, including cost–benefit analyses of 
specific strategies tailored to regional contexts and animal breeds. Such 
analyses can pave the way for the effective implementation of interventions 
aimed at preventing abortions and reducing calf mortality, thereby 
enhancing food security and protein availability in livestock production.
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