INfo Note

\?/ Food and Agriculture
M Organization of the

United Nations

&
SL i O

Agriculture and
CGIAR Food Security CCAFS

Pastoralist Areas Resilience Improvement through Market

Expansion (PRIME) in Ethiopia:

Mitigation co-benefits of livestock productivity

A series analyzing low emissions agricultural practices in USAID development projects
Julie Nash, Uwe Grewer, Louis Bockel, Gillian Galford, Gillian Pirolli, Julianna White

NOVEMBER 2016

Key messages

B Pastoralist Areas Resilience Improvement
through Market Expansion (PRIME) showed a
notable decrease in emission intensity (GHG
emissions per unit of meat or milk). PRIME
enabled farmers to increase production
significantly, between 24% and 96%, which led
to a decrease in emission intensity ranging from
-4% to -42%.

B Due to improvements in feed quantity, PRIME
projected an increase in average animal weight
for all livestock (8.3 million head), which resulted
in an increase in GHG emissions by an
estimated 1.5 million tCO,e/yr.

B PRIME empowered stakeholders collectively to
design and establish plans for effective
management of pastures and water. The project
supported soil and water conservation
measures, enclosing degraded pastures,
selective bush thinning, and clearing the
invasive plant Prosopis. These practices
improved pasture plant quality and reduced bare
soil and overgrazing, which resulted in increased
sequestration of soil carbon. These grassland
improvements were estimated to sequester -0.1
million tCO.elyr.

About the PRIME project

Begun in 2012 with funding from the Feed the Future
(FTF) initiative, PRIME employed a market-based
facilitation approach to build the resilience of pastoralists
in seven zones in the Afar, Oromiya, and Somali regions
(Figure 1). Implemented by Mercy Corps, PRIME targeted
250,000 households as direct beneficiaries, including
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50,000 that received direct activity support for animal
husbandry practices.

PRIME aimed to promote the viability and resiliency of
pastoralist communities by 1) improving the productivity
and competitiveness of livestock; 2) enhancing the
adaptive capacity of pastoralists to confront climate
change; 3) strengthening alternative livelihoods to enable
households to transition out of pastoralism; and 4)
improving the nutritional status of targeted households
through sustained and evidence-based interventions.

To improve livestock productivity and competitiveness,
PRIME focused on increasing the supply of inputs and
services to pastoralists and enhancing market links
among traders, processors, and exporters. PRIME also
aimed to improve natural resource usage through water
management and by mapping landscape-level rangeland
resources, thereby empowering stakeholders to
collectively design and engage in targeted natural
resource enhancement initiatives and establish systems
to effectively manage pasture areas and water points.

Low emission development

In the 2009 United Nations Framework Convention on
Climate Change (UNFCCC) discussions, countries
agreed to the Copenhagen Accord, which included
recognition that “a low-emission development strategy is
indispensable to sustainable development" (UNFCCC
2009). Low emission development (LED) has continued to
occupy a prominent place in UNFCCC agreements. In the
2015 Paris Agreement, countries established pledges to




reduce emission of GHGs that drive climate change, and
many countries identified the agricultural sector as a
source of intended reductions (Richards et al. 2015).

In general, LED uses information and analysis to develop
strategic approaches to promote economic growth while
reducing long-term GHG emission trajectories. For the
agricultural sector to participate meaningfully in LED, de-
cision makers must understand the opportunities for
achieving mitigation co-benefits relevant at the scale of
nations, the barriers to achieving widespread adoption of
these approaches, and the methods for estimating emis-
sion reductions from interventions. When designed to
yield mitigation co-benefits, agricultural development can
help countries reach their development goals while con-
tributing to the mitigation targets to which they are com-
mitted as part of the Paris Agreement, and ultimately to
the global targets set forth in the Agreement.

In 2015, the United States Agency for International
Development (USAID) Office of Global Climate Change
engaged the CGIAR Research Program on Climate
Change, Agriculture and Food Security (CCAFS) to
examine LED options in USAID’s agriculture and food
security portfolio. CCAFS conducted this analysis in
collaboration with the University of Vermont's Gund
Institute for Ecological Economics and the Food and
Agriculture Organization of the United Nations (FAO). The
CCAFS research team partnered with USAID’s Bureau of
Food Security to review projects in the FTF program. FTF
works with host country governments, businesses,
smallholder farmers, research institutions, and civil
society organizations in 19 focus countries to promote
global food security and nutrition.

As part of the broader effort to frame a strategic approach
to LED in the agricultural sector, several case studies,
including this one, quantify the potential climate change
mitigation benefits from agricultural projects and describe
the effects of low emission practices on yields and
emissions. Systematic incorporation of such emission
analyses into agricultural economic development
initiatives could lead to meaningful reductions in GHG
emissions compared to business-as-usual emissions,
while continuing to meet economic development and food
security objectives.

The team analyzed and estimated the project’s impacts
on GHG emissions and carbon sequestration using the
FAO Ex-Ante Carbon Balance Tool (EX-ACT). EX-ACT is
an appraisal system developed by FAO to estimate the
impact of agriculture and forestry development projects,
programs, and policies on net GHG emissions and carbon
sequestration. In all cases, conventional agricultural
practices (those employed before project implementation)
provided reference points for a GHG emission baseline.
The team described results as increases or reductions in
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net GHG emissions attributable to changes in agricultural
practices as a result of the project. Methane, nitrous
oxide, and carbon dioxide emissions are expressed in
metric tonnes of carbon dioxide equivalent (tCO,e). (For
reference, each tCO.e is equivalent to the emissions from
2.3 barrels of oil.) If the agricultural practices supported
by the project lead to a decrease in net emissions through
an increase in GHG removals (e.g., carbon sequestration,
emission reductions) and/or a decrease in GHG
emissions, the overall project impact is represented as a
negative (-) value. Numbers presented in this analysis
have not been rounded but this does not mean all digits
are significant. Non-significant digits have been retained
for transparency in the data set.

This rapid assessment technique is intended for contexts
where aggregate data are available on agricultural land
use and management practices, but where field
measurements of GHG and carbon stock changes are not
available. It provides an indication of the magnitude of
GHG impacts and compares the strength of GHG impacts
among various field activities or cropping systems. The
proposed approach does not deliver plot, or season-
specific estimates of GHG emissions. This method may
guide future estimates of GHG impacts where data are
scarce, as is characteristic of environments where
organizations engage in agricultural investment planning.
Actors interested in ex-post verification of changes in
GHG emissions resulting from interventions should collect
field measurements needed to apply process-based
models

Agricultural and environmental context:
Ethiopia

Ethiopia (1,104,300 kmz) is home to about 99,390,000
people and has a population growth rate of approximately
2.5% (World Bank 2016). The poverty rate is 40%, and
more than 40% of children suffer from stunting (ibid).
Agriculture is a central component of the economic
development of the country and accounts for
approximately 41% of the gross domestic product (ibid).

Livestock are important economically and socially. In
2013, there were 11.4 million livestock-producing
households (Shapiro et al. 2015) with pastoral systems
found on over 60% of the land (Retteberg 2010).
Livestock serve as food source, household assets, a
safety net when food or cash is scarce, and a source of
draft power (Amenu et al. 2013). Ethiopia’s livestock
population accounts for more than 11% of all livestock in
Africa (FAOSTAT 2016).

GHG emissions from livestock account for more than 90%
of Ethiopia’s total agricultural emissions, excluding land
use change and forestry (FAOSTAT 2016). Primary
sources of GHG emissions from livestock are enteric
fermentation, manure management, and manure.




Ethiopia’s livestock emissions have nearly doubled since
1994 (FAOSTAT 2016). Ethiopia identified livestock
emissions in its 2015 Intended Nationally Determined
Contribution submission to the UNFCCC, and included
mitigation of agricultural emissions as a component of its
plan (Richards et al. 2015).

Ethiopia’s pastoralists regularly faced reoccurring
droughts, water scarcity, and conflicts over common pool
resources. Pastoralists are experiencing the effects of
climate change at an increasing rate, including rising
maximum temperatures and greater rainfall variability
(Schmidt and Pearson 2016). Lack of availability of clean
water remains a problem and can adversely affect
livestock health and productivity (Amenu et al. 2013).
Pastoralists are also experiencing loss of communal
grazing areas and watering points due to agricultural
expansion and urbanization (Rettberg 2010). Combined,
these challenges have increased the vulnerability and
impoverishment of many pastoralists (Rettberg 2010;
Schmidt and Pearson 2016). Ethiopia’s livestock sector
has become a key focus area for economic development
and food security.

Figure 1. Area of implementation.
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In focus: Managing grasslands to increase productivity and reduce emissions
intensity

Many biophysical and social factors determine the potential of soil carbon sequestration in grazing
lands. Climate (rainfall and regime) and soils are key factors that determine carbon sequestration
(Milne et al. 2016). Grassland interventions that increase the diversity of species, healthy plant
growth, soil cover, and functioning ecosystem services improve soil carbon sequestration (ibid.).
Reversing grassland degradation through improved management practices works only if it helps
pastoral herders; for example, it may be economically feasible when it enhances forage production

and livestock productivity (Herrero et al. 2016).

PRIME has empowered stakeholders to design and establish systems and plans for the effective
management of rangelands collectively. Specifically, PRIME has conducted workshops with
communities and local government representatives to share and interpret seasonal climate forecasts,
thereby helping local stakeholders to plan wet and dry season fodder management. This can help
livestock producers reduce pressure on the grasslands, and allow more time for pastures to

regenerate.
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Agricultural practices that impact GHG emissions and carbon sequestration

The emission analysis focused on PRIME’s improved
practices in the dairy cattle, non-dairy cattle, sheep, and
goat value chains: grassland improvements, feed quality,
and feed quantity and herd weight dynamics.

Table 1 shows estimates of the area of adoption for each
practice by the end of the project. A discussion of each
practice follows, including a description of the intervention
and its effects on the environment, the project plan for the
intervention, and estimated impacts on emissions.

Table 1. PRIME—Agricultural practices with mitigation co-benefits by value chain

Grassland Celilz DEllg i Sheep Goats
(non-dairy) tle
Grassland improvements (ha) 101,282
Feed quality improvements 394,080 1,247,920 | 1,260,000 | 1,661,000
T R T 2,407,680 | 760,320 | 2,466,000 | 2,556,000
ynamics

Grassland improvements

Background. Improving
grassland management can
influence the rate at which
grasses grow and are
removed, which affects
carbon storage in soils
(Gerber et al. 2013, Herrero
et al. 2016). Grassland
management practices that
promote soil carbon
accumulation include
improved nutrient and water
inputs, rotational grazing, and improvements to species
composition (ibid). In Ethiopia, communities face
shortages of animal feed during the long dry season
(Kassahun et al. 2008). By providing adequate livestock
feed during the dry season, livestock herders reduce
pressure on the rangelands, which allows more time for
the pastures to regenerate as well as reducing pasture
degradation.

Grassland
improvements

Practice plan. PRIME empowered stakeholders to
design and establish plans collectively for the effective
management of pastures and water points. The project
supported soil and water conservation measures,
enclosed degraded pastures, performed selective bush
thinning, and cleared the invasive plant Prosopis. These
practices improved pasture quality and reduced bare soil
and overgrazing, which resulted in sequestration of
carbon in the soil. Although PRIMES'’s pasture activities
were linked to a total area of 5 million ha, effective
improvements were conservatively estimated to take
place on over 101,000 ha, the full area of implementation.
The extent of improvements depended on agreement and
enforcement by communities to follow their management
plan.
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Impact on carbon sequestration. PRIME'’s interventions
enhanced soil carbon stocks (estimated change, 36.5 to
44.1 tC/ha). This assumed that the initial grassland state
was moderately degraded and the improvements did not
include practices such as active seeding or irrigation.
Grassland improvements sequestered carbon at rates of
—1.39 tCO2e/halyr (Figure 1) or —141,120 tCO2e/yr for
the full area of implementation (Figure 2). These types of
interventions are well documented with regard to their
enhancement of soil carbon stocks, however more
precise information on initial degradation state, area of
implementation, and biomasses associated with specific
practices would improve these estimates.

Feed quality improvements

Background. Improvement
in feed quality increases
animal productivity and
reduces GHG emissions.
Low-digestibility feeds (high
fiber to starch ratios) result in
higher enteric emissions per
unit of meat or milk, and are
found more commonly in
systems with low productivity
(Herrero et al. 2016).
Livestock producers can
affect GHG emissions by changing their forage mix and
by greater use of feed supplements (Gerber et al. 2013),
which boost productivity. Feedstocks, such as fodder
trees, decrease enteric fermentation (methane production)
compared with grass silages.

Feed quality
improvements

Practice plan. PRIME introduced practices to improve
feed quality for livestock. The project supported increased
use of quality grasses, treatment of fodder (e.g., with
molasses and/or urea), and crop residues and food
processing waste for livestock feed. PRIME estimates
that roughly half the dairy cattle (52% or about 1.2




million), sheep (51% or about 1.2 million), and goats (65%
or about 1.6 million) benefited from improved feed within
the intervention area.

Impact on emissions. The FAO team utilized the method
of Smith et al. (2007), which provides estimates for
emission reductions following feed improvement in sub-
Saharan Africa. These are based on currently available
and commonly used improved feed practices and do not
require input data on changes in feed composition or
digestibility. This yields a conservative estimate of -1%
reduction in methane emissions from enteric fermentation
or -0.01 tCO.e/head for cattle and -0.001 tCO,e/head for
sheep (Smith et al. 2007) (Figure 1). Improved feeding for
all sheep and cattle results in a change in GHG emissions
of -35,590 tCO,e per year (Figure 2). Even greater
reductions would result if there were a greater increase in
feed digestibility, but there is clear evidence of the
direction and relative magnitude of these emissions
(IPCC 2006). More precise information about the type of
feed before and during activity implementation would
improve the estimate methodology.

Feed quantity and herd weight dynamics

R Background. Sufficient and

% = stable feed supply is important
for sustaining productive and
efficient livestock systems
(Richards et al. 2016).
Henderson et al. (2016)
identified significant yield gaps
in smallholder crop—livestock

/ & =
Feed quantity and
herd weight
dynamics

systems, and suggested that narrowing them could lower
the GHG intensity of agro-pastoral systems. Due to
improvements in feed quality and quantity, PRIME
estimated that the average animal weight would increase
with project interventions.

Practice plan. PRIME utilized improvements in feed qual-
ity and quantity to increase average animal weight.
PRIME estimated a 20% weight increase for cattle (250 to
300 kg/head) and in sheep and goats (collectively called
“shoats,” up from 25 to 30 kg/head). By lowering the sea-
sonal variation in feed availability, PRIME increased the
weight of slaughtered livestock as well as milk yields.
PRIME estimated the average milk yield per lactating cow
increased 24% (330 to 410 I/yr).

Impact on emissions. For cattle, feed consumption
increased 20% (6.25 to 7.5 kg dry matter/day), which led
to increased GHG emissions. Based on IPCC Tier 2
methodology (IPCC 2006), cattle feed intake changes led
to a 20% increase in annual methane emissions (49.2 to
59.1 kg CH4/head/yr), and manure management and
deposition led to a 20% increase in N,O emissions (0.004
to 0.005 kg/head/yr) due to increased manure excretion.
Overall, this translates into an estimated increase in
annual GHG emissions for cattle (0.43 tCO,e/head/yr),
sheep (0.05 tCO,e/head/yr), and goats (0.02
tCO,e/head/yr) (Figure 1). Although there is a high level
of confidence that this depicts a reasonable improvement
scenario for animal productivity, there is an intermediate
level of uncertainty associated with estimating average
changes at such very large scales, a total of 8.3 million
livestock head in the case of PRIME.

Low emission program design considerations

The analysis of GHG emissions and carbon sequestration by agricultural practice illustrates issues that those designing or
implementing programs may want to consider in the context of LED and food security. These issues include:

e Grassland improvements. What incentives or changes to enabling conditions are needed to help livestock producers
reap the benefits of grazing land improvements, given agricultural expansion and urbanization? Is it possible to
implement additional interventions that sequester soil carbon, for example, through improving grass species

composition?

e Livestock forage quality and quantity management. What value chain interventions can improve fodder
management (cultivation, conservation, and processing) and feed rationing (concentrated and complete feeds)? What
is the best way to support feed producers and processors so they can achieve high production volumes and low prices?
Which forage varieties balance increased production, farmer affordability, and adaptation potential with reduced GHG
emissions? Under what circumstances is it feasible to include energy-intense feeds?

e Herd size dynamics. What incentives or changes to enabling conditions (insurance and financial services) are needed
to enable livestock producers to reduce unproductive animals without facing production risks? What kind of training or
capacity building in benefit/cost analyses of herd sizes and productivity would help livestock producers make informed

decisions about herd size?
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Summary of projected GHG emission and carbon sequestration co-benefits

PRIME’s interventions result in an estimated increase in
GHG emissions of 17% per year. Increased GHG
emissions from feed quantity and herd weight partially
offset the carbon sequestration from grassland
improvements and lower GHG emissions from improved
feed quality. Grassland improvements result in carbon
sequestration from increased productivity (-1.39
tCOe/halyr) (Figure 1). Feed quality improvements
reduce emissions slightly (-0.01 tCO.e/cattle head and -
0.001 tCO,e/sheep head).

Increased feed quantities and herd weight lead to net
increases in GHG emissions from goats, sheep, and
cattle livestock systems, most significantly in cattle (0.43
tCO,e/head/yr). Grassland improvements had a large
impact per hectare but were implemented over 2% of the
project area so they made only a modest contribution to
PRIME’s net emissions (-141,120 tCO,e/yr) (Figure 2).
The majority of GHG emission impacts by PRIME were
due to the increase in feed quantity and herd weight
(Figure 2).

Figure 1. Impact of agricultural practices:

Net GHG emissions on an area/animal basis
(tCO,e/ha/yror tCO,e/head/yr)

Grassland

Feed quality Feed quantity and
improvements impro\jrements herd weight dynamics
\ A
[ [ b |
Grassland* Cattle Sheep Goats Sheep Cattle
0.43
D.DZ 0.05 -
-0.01 -0.001
-1.39 *Grassland Improve ments measure perhectare peryear

Figure 2. Impact of agricultural practices:
Net GHG emissions on total area of impact/animals

Grassland Feed quality
improvements improvements
A .
( | [
Grassland* Cattle Sheep
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-141,120
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Feed quantity and
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*Grassland Improvements measure per hectare peryear




GHG emission intensity

LED aims to decrease emission intensity (GHG emissions
per unit of output), a useful indicator in the agricultural
sector. Table 2 summarizes emission intensity for the
targeted value chains without and with agricultural and
pastoral practices supported by PRIME.

Post-production loss. Post-production losses remain
unchanged by PRIME’s practices.

Emissions intensity. All livestock systems reduced
emission intensity. The improvements in productivity of
meat and milk production offset the increases in GHG
emissions per animal head. The project’s interventions
improved (reduced) emissions intensity for dairy cattle
(—4%), non-dairy cattle (—-39%), sheep (-36%), and
goats (—42%).

Livestock productivity. PRIME projected sizable
productivity increases in the non-dairy cattle (96%), sheep
(87%), and goat (87%) value chains, and a moderate
productivity increase in dairy milk output (24%). PRIME’s
productivity interventions include enhanced animal health,
support for feed/fodder services, and improved livestock
and dairy value chain development.

Table 2. PRIME—GHG emission intensity for selected products

AF Emissions
Total GHG emissions| Annual yield Postharvest Re"’fa'"'"g annual intensi
Project yield (1,000 intensity
X per head (1,000 I/head or loss
agricultural I/head ort (tC0O2e/1,000 | or
R (tCOze/head) t meat/head*®) (%)
practices 0 @ @ meat/head*) tCOse/t meat*)
[4J (5)
Dairy cattle No project 2.14 0.33 15% 0.28 7.63
(feed quality, Project 2.55 0.41 15% 0.35 7.32
feed quantity) Difference (%) 0.41 (19%) 0.08 (24%) 0% (0%) 0.07 (24%) -0.31 (-4%)
Non-dairy cattle* No project 2.21 0.04 N/A 0.04 61.96
(feed quality, Project 2.64 0.07 N/A 0.07 37.72
feed quantity) Difference (%) 0.43 (19%) 0.03 (96%) N/A (-) 0.03 (96%) -24.24(-39%)
Sheep* No project 0.27 0.01 N/A 0.01 21.81
(feed quality, Project 0.33 0.02 N/A 0.02 13.93
feed quantity) Difference (%) 0.05 (19%) 0.01 (87%) N/A (-) 0.01 (87%) -7.88 (-36%)
No project 0.29 0.01 N/A 0.01 23.42
Goats™ Proj 0.32 0.02 N/A 0.02 13.55
(feed quantity) roject . : / : -
Difference (%) 0.02 (8%) 0.01 (87%) N/A(-) 0.01(87%) -9.87 (-42%)

Notes:
. Total GHG emissions per head identifies the emissions per head of livestock harvested.
. Annual yield identifies the tonnes of meat produced per head of livestock or volume of milk produced per head in 1,000 liter increments.

. Remaining annual yield is calculated by subtracting postharvest losses from annual yield.

1

2

3. Postharvest loss is the measurable product loss during processing steps from harvest to consumption per year.

4

5. Emissions intensity is calculated by dividing the total GHG emissions per tonne of meat or 1,000 liters of milk by the remaining annual yield.
*

Denotes product measured in tonnes of meat per head of livestock.
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Methods for estimating emissions

A comprehensive description of the methodology used for
the analysis presented in this report can be found in
Grewer et al. (2016); a summary of the methodology
follows. The selection of projects to be analyzed
consisted of two phases. First, the research team
reviewed interventions in the FTF initiative and additional
USAID activities with high potential for agricultural GHG
mitigation to determine which activities were to be
analyzed for changes in GHG emissions and carbon
sequestration. CCAFS characterized agricultural
interventions across a broad range of geographies and
approaches. These included some that were focused on
specific practices and others designed to increase
production by supporting value chains. For some
activities, such as technical training, the relationship
between the intervention and agricultural GHG impacts
relied on multiple intermediate steps. It was beyond the
scope of the study to quantify emissions reductions for
these cases, and the research team therefore excluded
them. Next researchers from CCAFS and USAID then
selected 30 activities with high potential for agricultural
GHG mitigation based on expert judgment of anticipated
emissions and strength of the intervention. The analysis
focused on practices that have been documented to
mitigate climate change (Smith et al. 2007) and a range of
value chain interventions that influence productivity.

Researchers from FAO, USAID, and CCAFS analyzed a
substantial range of project documentation for the GHG
analysis. They conducted face-to-face or telephone
interviews with implementing partners and followed up in
writing with national project management. Implementing
partners provided information, data, and estimates
regarding the adoption of improved agricultural practices,
annual yields, and postharvest losses. The underlying
data for this GHG analysis are based on project
monitoring data.

The team estimated GHG emissions and carbon
sequestration associated with agricultural and forestry
practices by utilizing EX-ACT, an appraisal system
developed by the FAO (Bernoux et al. 2010; Bockel et al.
2013; Grewer et al. 2013), and other methodologies. EX-
ACT was selected based on its ability to account for a
number of GHGs, practices, and environments. Deriving
intensity and practice-based estimates of GHG emissions
reflected in this case study required a substantial time
investment that was beyond the usual effort and scope of
GHG assessments of agricultural investment projects.
Additional details on the methodology for deriving
intensity and practice-based estimates can be found in
Grewer et al. (2016).
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