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Abstract: Increasing the production of meat and milk within sub-Saharan Africa should provide
significant food security benefits. However, greenhouse gas (GHG) emissions represent a challenge,
as cattle production in the region typically has high emissions intensity (EI), i.e., high rates of GHG
emissions per unit of output. The high EI is caused by the relatively low production efficiencies in the
region, which are in turn partly due to endemic cattle diseases. In theory, improved disease control
should increase the efficiency and decrease the emissions intensity of livestock production; however
quantitative analysis of the potential GHG mitigation effects of improved disease control in Africa is
lacking. This paper seeks to respond to this by using a hybrid modelling approach to quantify the
production and emissions effects of removing trypanosomiasis from East African cattle production
systems. The emissions are quantified for each cattle production system using an excel version of
GLEAM, the Food and Agriculture Organization’s Global Livestock Environmental Assessment
Model. The results indicate that removing trypanosomiasis leads to a reduction in the emissions
intensity per unit of protein produced of between 0% and 8%, driven mainly by the increases in
milk yields and cow fertility rates. Despite the limitations, it is argued that the approach provides
considerable scope for modelling the GHG impacts of disease interventions.

Keywords: cattle health; climate change; livestock modelling; GLEAM; sustainable intensification

1. Introduction

In developing countries growing populations, rising incomes, and urbanization are translating
into increasing demand for livestock products. Livestock is now one of the fastest growing sub-sectors
of agriculture: a doubling of demand for animal-source foods is expected within developing countries
between 2000 and 2050, and a 70% increase for the world as a whole [1,2]. However, it has been noted
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that: “Meeting this demand in a way that is socially desirable and environmentally sustainable is a
major challenge facing agriculture today” [3] (p. 9).

A major part of the challenge is the emission of greenhouse gases (GHGs) arising from livestock
production. It has been estimated through life-cycle assessments that the global livestock sector
accounts for around 14.5% of all anthropogenic GHG emissions, with cattle meat and milk accounting
for 65% of the livestock emissions [4]. If increased demand is to be met without significant increases in
GHG emissions, then ways of reducing the emissions intensity (EI, i.e., the amount of GHG emitted
per unit of commodity produced) need to be identified and deployed.

Improving livestock health is potentially a cost-effective way of increasing production,
while reducing EI. The World Organisation for Animal Health (OIE) has estimated that: “at the
worldwide level, average losses due to animal diseases are more than 20%” [5]. The main direct
farm level losses arise from mortality (including involuntary culling), a lowering of the efficiency
of the production process, and reduction in output quantity or quality [6]. Reducing the disease
burden can lead to significant reductions in EI by, for example, improving the feed conversion ratio
of individual animals or changing herd structures (i.e., the proportion of each animal cohort in the
herd). However, disease reduction is not yet widely recognised as a mitigation measure [7]. In fact,
the Intergovernmental Panel on Climate Change Fifth Assessment Report [8] does not specifically
mention livestock health, and current evidence is limited to a small number of studies of European
livestock [9–13].

Understanding the impacts of improving cattle health on production and emissions is of particular
relevance in sub-Saharan Africa (SSA), given that cattle are the predominant source of livestock
GHGs [4], growth in demand between 2000 and 2030 is forecast to be 113% for beef and 107% for dairy
products [1] and that the EIs for bovine milk and meat tend to be higher in SSA than in other regions [14].
The higher EIs are largely due to inefficiencies in converting natural resources into edible animal
products, with relatively high feed conversion ratios and high energy (methane) and nitrogen (nitrous
oxide) losses occurring along the process [4]. In these systems, efficiency is closely and positively
related to productivity and key factors such as: milk yield, growth rates, fertility and mortality
rates, and ages at slaughter. These, in turn, are a function of the genetics, feeding, management,
environmental stress, and health status of the animals.

While various studies have investigated the effects of improved genetics, feeding, and management
on livestock [15], evidence on the mitigation potential of improving health is scarce. It has been noted
that, “Simulation results seem promising, but reliable quantitative estimates of the mitigation potential
of improved health will require more research” [16] (p. 111). This paper seeks to respond to this by
using a hybrid modelling approach to quantify the production and emissions effects of removing
trypanosomiasis from East African cattle systems.

Trypanosomiasis is a disease caused by tsetse-transmitted parasitic protozoans, and is endemic in
a tsetse-infested belt that spans across 9 million square kilometres in SSA [17]. With its animal form
(called “nagana”) and its human form (also known as “sleeping sickness”), trypanosomiasis is widely
considered as one of the main threats to human and livestock health and agricultural production,
and, as such, a major constraint to rural development and poverty alleviation in SSA [18,19]. It has
been identified as “the most economically important disease of livestock in sub-Saharan Africa” [20].
African trypanosomiasis, in its various forms, can cause a wide range of symptoms, including anaemia,
wasting, loss of condition, abortion, and reduced milk production. Progression can lead either to death
or to a chronic form. For many decades chemotherapy has been the mainstay of trypanosomiasis
control, but in recent years resistance has emerged as a growing concern [21].

This paper presents a method for quantifying the effect of trypanosomiasis treatment on the
production and EI of a range of cattle production systems. It quantifies the effect of trypanosomiasis
treatment on the EI in East Africa. The limitations of the method are discussed and the wider challenges
in quantifying the GHG effects of livestock health improvement are explored.
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2. Materials and Methods

2.1. Study Area

The study focuses on East Africa, which is one of the most important dairy development zones in
SSA. The specific area of study is the Inter-Governmental Authority on Development (IGAD) region,
an area of over 5.2 million km2 that comprises the countries of Djibouti, Eritrea, Ethiopia, Kenya,
Somalia, South Sudan, Sudan, and Uganda [22]. Just under half (45%) of the cattle in SSA are reported
to be in the IGAD region [23].

2.2. Cattle Production Systems

The cattle in the study area were classified into twelve distinct production systems (Table 1).
These refined cattle systems were based on three main livestock systems (i.e., pastoral, agro-pastoral
and mixed farming) [24], which were further disaggregated based on the prevalence of work oxen
(used for traction) and milk yields of dairy cattle (which have varying degrees of exotic genetic material,
usually of the main European dairy breeds that have been widely adopted in high value smallholder
dairy production in Eastern Africa).

Table 1. The 12 cattle production systems analysed, table adapted from [25].

Draft Oxen

Production System

Pastoral Agro-Pastoral Mixed:
General a

Mixed:
Ethiopia a

High Milk
Yield Dairy

No oxen ×× b

Low oxen × × × ×
Medium oxen × × ×

High oxen × × ×
a Two mixed farming systems were analysed, one for Ethiopia and one for the other study countries; b High milk
yield dairy cows are found in the agro-pastoral and general mixed farming systems.

The high milk yield dairy systems consist of cattle with varying degrees of non-indigenous genetic
material derived primarily from the main European dairy breeds, principally Ayrshire, Friesian and
Channel Island breeds—Guernsey and Jersey. In the other systems indigenous breeds predominate,
i.e., zebu cattle and related crossbreeds [26]. The eastern African indigenous zebu cattle breeds are
conventionally divided into three main groups all of which are represented in the countries covered
by this study: the Large East African Zebu (including the Boran breeds of Ethiopia, Kenya and
Somalia, the Samburu, Karmajong Zebu, Orma Boran and Butana and Kenana of Sudan) the Small East
African Zebu (including the Maasai, Abyssinian Shorthorned Zebu, Kamba of Kenya and Serere and
Kyoga in the tsetse-infested areas of Uganda) and the Sanga cattle (including the Ankole of Uganda,
Danakil cattle of Ethiopia and the Nuer and Dinka of Sudan). Further information is available on the
Domestic Animal Genetic Resources Information System (DAGRIS) [27]. More detail on the production
systems and how they were defined is available in [28].

Data on the use of work oxen were obtained from in-country informants, reports, census data,
livelihood studies [24] and other sources [29–33]. Combining these sources across the region by
administrative area, and studying data on herd compositions, enabled three broad categories of oxen
use to be distinguished depending on the proportion of cattle used for draught: low (≤10%), medium
(>10% and <20%), and high (≥20%).

The proportion of cattle modelled in each system is given in Table 2. The most recent statistics
report a total cattle population in the study area of 144.5m in 2016 [23].
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Table 2. The proportion of cattle in each system.

Production System % of Total Cattle Population

Pastoral 12%
Agropastoral, low dairy and oxen 34%

Mixed, low dairy and oxen 11%
Agropastoral, high dairy and low oxen 2%

Agropastoral, low dairy and medium oxen 1%
Agropastoral, low dairy and high oxen 2%

Mixed, high dairy and low oxen 4%
Mixed, low dairy and low oxen 1%
Mixed, low dairy and high oxen 1%

Mixed, low dairy and medium oxen (eth) 7%
Mixed, low dairy and high oxen (eth) 18%
Mixed, low dairy and low oxen (eth) 8%

Total 100%

2.3. Modelling Approach

This study builds on previous work, which quantified the economic benefits of removing
trypanosomiasis in East African cattle using the “Mapping the Benefits” (MTB) model [25,28,34].
In this study, the MTB model is combined with an excel version of GLEAM (the UN-FAO’s Global
Livestock Environmental Assessment Model, [35]) which calculates the GHG emissions arising from
production. A schematic diagram of the relationship between the models is provided in Figure 1.
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2.3.1. Harmonising the GLEAM and MTB Herd Models

At the heart of both GLEAM and MTB are herd models, which determine the herd structure and
the number of animals entering and leaving the herd each year. The two herd models perform some of
these calculations in different ways. For example, they have different animal cohorts (adult female,
replacement female, etc.) and different ways of calculating the number of calves born. Therefore,
the herd models had to be harmonised, i.e. adjusted until they produced the same herd structure and
dynamics. This was achieved by comparing the results given by the two herd models with the same
input data, and adjusting the calculations in GLEAM until the models were producing the same results
for all 12 production systems.
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2.3.2. Estimating the Effects of Trypanosomiasis Treatment over 20 Years

The herd structure and dynamics, and the output of meat and milk were calculated for the
situations with and without trypanosomiasis using the MTB model [34] and applied to cattle population
density maps, projected using the herd growth and additional spread models. Regional tsetse maps at
1 km resolution were used [36], complemented by 5km resolution continental datasets [37] where 1 km
resolution maps were unavailable. Cattle population densities were available from a series of 1km
resolution datasets created within the framework of the IGAD Land Policy Initiative (LPI) using the
most recent national statistics available for the period 2000–2005. The mapping methods were those
developed to generate the Gridded Livestock of the World [38].

GLEAM was used to calculate the (meat and milk) production, the total greenhouse gas emissions
arising from that production and the EI of each commodity for each of the cattle systems with and
without trypanosomiasis. The meat production in live weight was calculated by multiplying the
number of cattle exiting the herd as offtake, i.e., sold or slaughtered, by the average live weight of
each cohort (i.e., adult female, calves etc.). The live weight was then converted to edible protein by
multiplying it by (a) the carcass weight: live weight percentage (50–55% depending on the cohort);
(b) the bone-free meat: carcass weight percentage (75%) and finally (c) the protein content of bone-free
meat (18%). The edible protein from milk was determined by multiplying the net milk production
(milk secreted minus milk suckled) by the protein content of milk (3.3%). Emissions are only allocated
to edible protein and draft, however cattle perform other functions. It has been estimated that 16%
of the emissions should be allocated to the manure, financing and dowry functions of cattle [39].
Doing so would reduce the EI but would have a negligible impact on the change in EI arising from
trypanosomiasis removal.

The main GHG-producing activities were included, i.e., the production of feed and fertiliser,
the digestion of feed and the excretion of undigested organic matter (Table 3 provides an explanation
of the emission categories). The emissions of methane and nitrous oxide were converted to their carbon
dioxide equivalent using the Intergovernmental Panel on Climate Change (IPCC) global warming
potentials of 25 and 298, respectively. The system boundary of the study is “cradle to farm-gate”,
i.e., emissions arising from the production of feed and other inputs are included but post-farm gate
emissions occurring during processing and distribution are not included; however in the systems
studied post-farm gate emissions are likely to represent a small proportion of the total emissions [4].
CO2 emissions and sequestration in short-term carbon cycles (i.e., respiration and photosynthesis)
are not included, in keeping with the IPCC guidelines ([40], Volume 4, p. 10.7). Furthermore, it is
assumed that the treatment (chemotherapy) has negligible additional GHG emissions arising (from
drug manufacture and distribution) given the small doses involved. Other treatment strategies, such as
the removal of tsetse habitats, could lead to significant additional GHG emissions.

Table 3. The emission categories quantified in the study.

Category Emissions Sources

Manure N2O Direct and N2O arising from the nitrification/denitrification of excreted
N during its management and storage.

Manure CH4
CH4 arising from the anaerobic decomposition of excreted organic
matter during its management and storage.

Enteric fermentation CH4 CH4 arising from the microbial decomposition of feed during digestion.

Feed energy CO2

CO2 from: fossil fuel use in the cultivation of feed crops; fossil fuel use
in the production of non-crop feed materials; processing, transportation
and blending of feed materials; fossil fuel use from the production of
synthetic fertiliser; land use change arising from soy cultivation.

Feed N2O
Direct and indirect N2O from: application of synthetic fertiliser and
manure to crops; crop residue management; direct deposition of N by
grazing animals; fertiliser manufacture.
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2.3.3. Parameterising the Cattle Production Systems

The values for the baseline situation (i.e., with trypanosomiasis) in Table 4 were derived from
various sources. A few sources provided information relating to all production systems [32,41], others for
the pastoralist systems [42–44], for the agro-pastoral and mixed farming systems [29,31,45–50] and for
the high milk yield “grade” dairy cattle kept in a separate system alongside indigenous cattle in the
agro-pastoral and mixed farming systems [51–53].

Table 4. Values for selected parameters used in the analysis (T+ refers to the value with trypanosomiasis,
T− to the value without trypanosomiasis). The values were estimated based on a review of longitudinal
and cross-sectional studies comparing the productivity observed in infected and uninfected individual
cattle or whole herds, under conditions of both high and low trypanosomiasis challenge (see Section 2.3.3).
Table adapted from [25].

Parameter

Cattle Production Systems

Pastoral Agro-Pastoral Mixed Farming
(General)

Mixed Farming
(Ethiopia)

High Milk Yield
Dairy

T+ T− T+ T− T+ T− T+ T− T+ T−
Mortality % of animals dying each year
Female calves 20 17 18 15 16 13 24 20 21 18
Male calves 25 22 20 17 18 15 26 22 26 23

Adult females 7.5 6.5 7.0 6.0 8.0 7.0 9.0 7.5 12.0 10.0
Work oxen 9.0 7.2 8.5 6.8 9.0 7.2 10.0 8.0 - -

Fertility % of cows producing a living calf each year
Cow fertility 54 58 52 56 51 55 49 54 53 57
Lactation Litres of milk per lactation a

Milk offtake 275 296 285 306 300 322 280 301 1900 2042
a Lactation length varies depending on the system; in this study it is assumed that most of the milk for human
consumption is taken off in the 12 months following calving.

The effects of trypanosomiasis treatment on performance were estimated based on a review
of longitudinal and cross-sectional studies comparing the productivity observed in infected and
uninfected individual cattle or whole herds, under conditions of both high and low trypanosomiasis
challenge [33,45,54–61]. The review gave a range of values for the effect of the disease. In this study,
it was assumed that disease treatment would have an effect between the middle and lower end of the
range reported in studies. These (arguably conservative) assumptions were made in order to correct
for the fact that the studies reviewed tended to be conducted in areas where the disease impact was
relatively severe.

Similar impacts for trypanosomiasis were applied across the production systems (Table 4).
This table also shows that baseline cattle mortality rates observed in Eastern Africa tend to be high.
This reflects not just the presence of trypanosomiasis, but also of tick-borne diseases, especially East
Coast fever [60] and, locally, very high stocking rates leading to nutritional stress, especially in parts of
the Ethiopian highlands [62].

2.3.4. Ration Composition and Nutritional Value

The ration (i.e., the livestock feed) for each system was determined using a combination of
approaches. The proportions of the main feed material categories (i.e., forage, crop residues and
concentrates) were estimated based on literature, expert knowledge, and unpublished surveys,
while the percentage of each crop residue (maize, millet and sorghum stover, wheat, rice and barley
straw, and sugar cane tops) were calculated for each cell, based on how much of each crop is produced
within the cell. Crop data was extracted for livestock production zones from Spatial Production
Allocation Model (SPAM) V3r6 2000 datasets [63]. The nutritional value of the ration was calculated by
multiplying the nutritional value of each feed material by its proportion in the ration. The nutritional
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values of individual feed materials were based on [14,64], the Sub-Saharan Africa Feed Composition
Database [65], and Feedipedia [66,67].

2.3.5. Estimating Uncertainty

Calculation of the emission intensities involves parameters that are subject to some degree of
uncertainty. A Monte Carlo simulation was undertaken in order to quantify the uncertainty ranges
in the results. Parameters were included in the simulation that were (a) likely to have a significant
influence on the most important emissions categories (those contributing more than twenty percent
of the total emissions, i.e., enteric CH4 and feed N2O) and (b) had a high degree of uncertainty or
inherent variability. An initial list of parameters was generated and reviewed. Based on the review,
some parameters were excluded, e.g., the emission factors (EFs) for indirect N2O were removed because
volatilisation and leaching only account for a small % of feed N2O emissions, and a previous study had
found the contribution to variance of these EFs to be very small (<2%) [14] (p. 81). The distributions
and variability of the parameters are given in Table 5. The variability of forage digestibility is based on
the standard deviation of the digestibility of Napier grass (Pennisetum purpureum) reported in [67].
The variability of cow milk yield, cow fertility and calf death rates were based on the ranges reported
in [32]. The Monte Carlo was performed in Model Risk with 5000 runs for each of 12 systems with and
without trypanosomiasis.

Table 5. Parameters included in the Monte Carlo analysis.

Parameter Distribution Coefficient of
Variance Minimum-Maximum Basis

Forage digestibility, DE% Normal 6% [67]
Milk yield Normal 11–39% [32]

Cow fertility Normal 8–21% [32]
Calf death rate Normal 25–45% [32]

Enteric CH4 factor, Ym Normal 10% [40], (Vol. 4, p. 10.33)
N2O Emission factor 1 Lognormal 0.003–0.03 [40], (Vol. 4, p. 11.11)
N2O Emission factor 3 Lognormal 0.007–0.06 [40], (Vol. 4, p. 11.11)

3. Results

3.1. Baseline Emissions with Trypanosomiasis

The EI by system and emission category is shown in Figure 2. The main sources of emissions
are (a) enteric methane and (b) feed nitrous oxide, i.e., the nitrous oxide arising from the deposition
of organic N on pasture (either directly via the urine of grazing animals, or via the spreading of
the collected manure of housed cattle). The high (milk yield) dairy systems have much lower EI
than other systems due to their higher productivity (where productivity is defined as the mass of
meat and milk produced by a system each year compared to the live weight mass of the cattle in the
system). Differences between the other systems are less marked but also largely driven by productivity.
The relationship between productivity and EI for the 12 systems with and without trypanosomiasis is
shown in Figure 3. This trend is consistent with other studies [68,69] which found a similar relationship
between productivity and EI in cattle systems, i.e., large (but reducing) marginal decreases in EI with
increasing productivity in low productivity systems, such as those in East Africa.
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3.2. Effect of Disease Treatment

Treatment of trypanosomiasis leads to increases in production and emissions across all the
systems. Figure 4 shows the increases once the full effects of disease treatment have been achieved.
Production increases relatively more than emissions leading to reductions in EI of 0% to 8%.
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The reductions in EI are significant in eleven of the twelve systems and are closely (inversely) correlated
with the change in productivity (Figure 5).Sustainability 2018, 10, x FOR PEER REVIEW  9 of 15 
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Figure 5. Change in EI and productivity with disease treatment. EI is measured in terms of kgCO2e
per kg of edible protein produced and productivity. Productivity is defined as the mass of meat and
milk edible protein produced by a system each year compared to the live weight mass of the cattle
in the system (measured in terms of mass of living protein). (Key: a1 = agro-pastoral high dairy;
a2 = agro-pastoral low dairy, high oxen; a3 = agro-pastoral low dairy, medium oxen; a4 = agro-pastoral
low dairy, low oxen; m1 = mixed high dairy; m2 = mixed low dairy, high oxen; m3 = mixed low dairy,
medium oxen; m4 = mixed, low dairy, low oxen; e1 = Ethiopia low dairy, high oxen; e2 = Ethiopia low
dairy, medium oxen; e3 = Ethiopia, low dairy, low oxen; p = pastoral.).
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3.3. Factors driving the Changes in EI

A sensitivity analysis was undertaken in order to investigate the influence of different parameters
on EI (Table 6). The EI is highly sensitive to changes in the digestibility of forage, and to the enteric
methane emission factor (Ym), however, both of these remain constant with changes in disease status.
Increased milk yield leads to a decrease in EI as a greater percentage of the lactating cow’s feed energy
requirement is used for the production of edible outputs (i.e., lactation) rather than non-productive
activity (e.g., maintenance or locomotion), [68]. The increased cow fertility rate leads to a higher
proportion of the adult females producing edible outputs. This is important as while non-lactating
adult females produce lower emissions than lactating ones, they produce no edible outputs (i.e., milk
or liveweight gain) so their EI is effectively infinite. The increased fertility rate also changes the
herd structure, but this has a limited effect on EI. EI is less sensitive to changes in calf mortality
than it is to changes in cow milk yield or fertility, however the effect of calf mortality on EI depends
on the fate of the dying calves, i.e., what proportion enter the human food chain and are therefore
counted as production. Finally, increasing the use of draft oxen leads to increases EI in some systems.
Draft animals have a high EI as they produce no/limited edible output, so even when a proportion of
the emissions are allocated to labour, they still have a higher EI than younger, faster growing cattle.

Table 6. Summary of the sensitivity analysis, showing the change in EI resulting from a ±10% change
in each parameter (“Draft”: the % of male cattle aged >3 years old that are used for draft. EF: emission
factor; DE: digestible energy).

System Change in
Parameter

Change in EI

Constant Vary with System Vary with System and Disease Status

N2O
EF1

N2O
EF3

Forage
DE%

Enteric
CH4, Ym

Milk
Yield

Cow
Fertility

Calf Death
Rate Draft

Pastoral +10% 0.7% 1.2% −16.4% 7.2% −4.5% −3.9% −0.6% 0.5%
Pastoral −10% −0.7% −1.2% 23.1% −7.2% 4.9% 4.9% 0.6% −0.5%

AP, high dairy +10% 1.6% 0.1% −15.8% 5.1% −6.3% −5.4% 2.2% 0.0%
AP, high dairy −10% −1.6% −0.1% 22.2% −5.1% 7.5% 6.7% 0.0% 0.0%
AP, low oxen +10% 1.4% 0.7% −16.4% 6.3% −4.4% −2.9% −0.7% 1.0%
AP, low oxen −10% −1.4% −0.7% 23.5% −6.3% 4.8% 3.5% 0.7% −1.0%

AP, medium oxen +10% 1.1% 0.7% −16.5% 6.8% −4.4% −3.0% −0.7% 2.0%
AP, medium oxen −10% −1.1% −0.7% 23.7% −6.8% 4.8% 3.6% 0.7% −2.0%

AP, high oxen +10% 1.3% 0.7% −16.3% 6.5% −4.4% −3.1% −0.7% 3.8%
AP, high oxen −10% −1.3% −0.7% 23.3% −6.5% 4.9% 3.9% 0.7% −3.8%

Mixed, high dairy +10% 1.6% 0.1% −15.8% 5.1% −6.3% −5.4% 2.3% 0.0%
Mixed, high dairy −10% −1.6% −0.1% 22.2% −5.1% 7.5% 6.7% −0.1% 0.0%
Mixed, low oxen +10% 1.2% 0.3% −17.1% 6.7% −4.4% −1.7% −0.9% 0.9%
Mixed, low oxen −10% −1.2% −0.3% 24.9% −6.7% 4.9% 2.0% 0.9% −0.9%

Mixed, medium oxen +10% 1.8% 0.3% −16.7% 6.2% −4.5% −2.7% −0.6% 2.0%
Mixed, medium oxen −10% −1.8% −0.3% 24.1% −6.2% 4.9% 3.7% 0.6% −2.0%

Mixed, high oxen +10% 1.4% 0.3% −16.8% 6.7% −4.5% −3.3% −0.6% 3.8%
Mixed, high oxen −10% −1.4% −0.3% 24.3% −6.7% 4.9% 4.1% 0.6% −3.7%

Ethiopia, low oxen +10% 1.5% 0.3% −16.8% 6.4% −4.5% −1.7% −1.5% 0.6%
Ethiopia, low oxen −10% −1.5% −0.3% 24.5% −6.4% 5.0% 2.0% 1.5% −0.6%

Ethiopia, medium oxen +10% 1.6% 0.3% −16.8% 6.4% −4.6% −3.1% −1.1% 2.0%
Ethiopia, medium oxen −10% −1.6% −0.3% 24.3% −6.4% 5.1% 3.7% 1.0% −2.0%

Ethiopia, high oxen +10% 1.8% 0.3% −16.6% 6.2% −4.6% −3.5% −1.0% 3.7%
Ethiopia, high oxen −10% −1.8% −0.3% 23.9% −6.2% 5.1% 4.3% 0.9% −3.6%

4. Discussion

While the results are consistent with the expectation that improving health is likely to lead to
reductions in EI, the validity of the results depends on the input assumptions and the method used to
perform the calculations. The approach developed in this study allows multiple effects of a disease
to be quantified. The MTB model enables herd growth and livestock movement over time to be
quantified. The use of a herd model in GLEAM enables disease impacts on parameters that affect
the herd structure to be modelled, e.g. death rates, fertility rates, replacement rates, and offtake
rates. The IPCC tier 2 approach [40] to calculating livestock emissions used in GLEAM enables
disease impacts on parameters that affect the production and emissions of the individual animal to
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be modelled, e.g., milk yield, animal growth rates, activity level and ration. However, the approach
requires further development in order to capture some potentially important effects, such as the impact
of disease status on ration quality.

The results are expressed in terms of the functional unit “kg of CO2e per kg of edible protein at
the farm gate”, and therefore don’t include post-farm emissions or take into account post-farm losses.
While post-farm emissions are likely to represent a small % of the total emissions, losses can make
significant differences to the EI, and may vary between different production systems. The functional
unit also assumes that: (a) 1 kg of milk protein is equivalent to 1 kg of meat protein and (b) production
of edible outputs is the only reason for keeping cattle, which are simplifications. Although some of
the emissions are allocated to draught power, none are allocated to other outputs (such as manure)
or the less tangible values that cattle may have, such as social value and increased resilience of their
owners [39]. While the choice of functional unit means that care needs to be taken when making
comparisons of the EI between systems, none of the limitations noted above would affect the change
in EI arising from treatment of trypanosomiasis.

As noted in [25] “data on livestock productivity (fertility, mortality, milk yields and output of
draught power) were mostly obtained from a limited number of in-depth studies in specific localities.
As the large number of references testifies, cattle systems in the study region have been much studied
and there is enough information to paint a good general picture, and to cross-check and validate.
However, although trypanosomosis has been relatively well researched, there remains a need for
more specific studies on this disease’s impact”. This is particularly the case with draught animals.
FAO have developed a geospatial database [70] that should improve understanding of trypanosomiasis
prevalence in Africa.

5. Conclusions

The treatment of trypanosomiasis in East African cattle systems could lead to reductions in EI
of between 0 and 8%, depending on the system. EI is closely related to productivity, and the largest
reductions in EI are in those systems experiencing the largest increases in productivity, i.e., the higher
(milk yield) dairy systems. However, when making inter-system comparisons, it should be borne in
mind that in some systems cattle perform functions in addition to producing meat and milk.

The approach employed in this study could, in principle, be used to model the impact of other
important diseases in SSA (such as foot and mouth disease), if their effects can be adequately described
in terms of the model parameters. However, in order to produce valid results, the main direct effects
of the disease need to be captured by the model. This is potentially challenging given the lack of data
on prevalence and impact for many diseases. While it may be possible to partially fill gaps through the
analysis of existing datasets (such as abattoir records), some diseases have important effects that are
not routinely recorded or readily measured (for example they may alter feed intake, the efficiency of
digestion or energy partitioning) and may require bespoke studies. A second challenge is capturing
the indirect effects of disease control. For example, disease treatment would lead to increased livestock
populations which could, depending on how this increase is managed, lead to overstocking and thus
reduced feed availability and/or quality.

The reduction of EI represents an external benefit of disease control, i.e., it is a benefit not normally
factored into farm management or policy decisions. In order to achieve the economically optimal
level of disease control, such externalities need to be quantified and included in decision making,
alongside other costs and benefits. Given the difficulty of measuring agricultural GHG emissions
directly, it is suggested that modelling approaches, such as the one outlined in this paper, have an
important contribution to make to the development of disease control strategies.
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