
DISCUSSION BRIEF

Development practitioners and investors increasingly 
express a need for a rapid assessment tool that can indicate 
the likely impacts of planned interventions in livestock and 
fish production systems. Such a tool would support informed 
decision-making and have a positive impact on nutrition and 
food security, whilst sustaining the natural resource base 
for the future. Moreover, there is a call for environmental 
impact assessments at multiple temporal and spatial scales. 
In response to these stated needs, a consortium including 
SEI, the International Center for Tropical Agriculture (CIAT) 
and the Commonwealth Scientific and Industrial Research 
Organisation (CSIRO), and led by the International Live-
stock Research Institute (ILRI), has developed CLEANED 
– Comprehensive Livestock and Aquaculture Environmental 
Assessment for Improved Nutrition, a Secured Environ-
ment and Sustainable Development along Value Chains. 
CLEANED is intended as a generic tool.It has already been 
applied to dairy production in Tanzania, to show proof of 
concept (see Box 2). 

Environmental impacts along producer to  
consumer value chains 
The majority of the environmental impacts associated with 
livestock and aquaculture value chains occur during fodder 
production and livestock and fish rearing. These impacts 
are not only relevant for individual farmers but also for the 
landscape in which they operate. However, CLEANED can 
also capture other impacts further downstream. The main 
value chain modules included in the CLEANED framework 
are: the natural resource base where feed is produced or 
retrieved; production of livestock; processing; marketing; 
and consumption. In addition, waste management is given 
special attention as a component that stretches along the 
entire value chain.

As not all value chains are alike, the modules can be flexibly 
combined into a full value chain as appropriate. Although 
the CLEANED framework treats the flows, stocks, and 
processes at the initial stages of the value chain in greater 
detail, it also considers users’ input about flows and losses 
at subsequent stages. An estimate of total food losses is used 

Working towards sustainable livestock production 
systems
Globally, livestock and fish production generate more than 
40% of agricultural GDP and are among the fastest growing 
agricultural sectors. Livestock production and aquaculture 
provide livelihoods for more than 1 billion people and are 
major contributors to food and nutrition security (World 
Bank 2009). In developing countries, these sectors substan-
tially contribute to increasing livelihood resilience for many 
smallholders and offer ways to lift people out of poverty. 
However, livestock and fish production and the associated 
fodder production, like all agricultural production systems, 
impact land, water and biodiversity resources, and in differ-
ent ways contribute to global warming and pollution.

Substantial water resources and land are appropriated to 
produce fodder crops and for grazing: globally around 
37% of the water allocated for crop production, 32% of the 
total evapotranspiration from grazing lands (Heinke et al. 
manuscript), and 33% of arable land (Steinfeld et al. 2006). 
Livestock affects soil health both positively and negatively: 
manure is a significant source of nutrients and organic mat-
ter, and while there is often an oversupply in the developed 
world, it contributes a critical 12–24% of nutrient inputs to 
cropland in the developing world (Liu et al. 2010). Areas 
that are especially dense with livestock are prone to over-
grazing, soil compaction and erosion, which can severely 
degrade soil and land. 

Considering the vast land areas and large water resources 
used by livestock production and aquaculture, these activi-
ties have a strong influence on biodiversity. Heavy applica-
tion of pesticides and fertilizers to fodder crops and large-
scale continuous monocultures result in local losses of plant 
and animal species (Reid et al. 2010) as well as secondary 
cascading effects on a larger scale, for example eutrophica-
tion of water bodies and destruction of coral reefs (Koop et 
al. 2001). On the other hand, well-managed and co-evolved 
grazing lands can enhance species diversity. Apart from 
using, competing for, and impacting on the quality of water, 
soil, and biodiversity, livestock and fodder production con-
tribute an estimated 8.5% to 18% of global anthropogenic 
greenhouse gas emissions (O’Mara 2011). 

CLEANED – a new comprehensive framework for ex ante assessment of 
environmental impacts of livestock and aquaculture system interventions

Key features

• CLEANED is a rapid, ex-ante comprehensive frame-
work for assessing potential environmental impacts 
at multiple spatial scales for planned livestock and 
aquaculture development interventions. 

• CLEANED has a particular focus on developing coun-
tries and therefore uses a participatory approach to 
ensure relevant assessments of the often fragmented 
agro-ecological landscapes and production systems 
characterizing smallholder agriculture and aquacul-
ture. 

• CLEANED can support stakeholders in choosing inter-
ventions that manage both production opportunities 
and environmental co-benefits.



to improve efficiency factors and thereby influence the scale 
of environmental impacts.

Design of the CLEANED framework
The design of the CLEANED environmental assessment 
framework responded to three criteria: i) it should be suit-
able for general use, requiring little expert knowledge; ii) data 
should be available from public sources, and/or possible to 
complement with rapid assessments through expert consul-
tations; and iii) it should provide a first set of indicators on 
whether developments in livestock production and consump-
tion may result in adverse, positive, or static environmental 
impacts along a range of pathways. 

The process flow of the CLEANED framework (Figure 1) is 
designed to be adaptive to users’ requirements and to avail-
able data. The formulae that illustrate the relationship between 
production activities and impacts are distilled to summarize 
the type of impact on indicators within a given environmental 
pathway, rather than quantify the impact. The background 
calculations are performed for discrete unit(s), and assume 
that the input data are homogeneous within the unit. Thus, the 
framework can be used for a district, watershed, raster cell, or 
other defined spatial unit. 

The framework presents final impacts as scores (which can 
be adverse, positive, or static), either for the discrete unit as a 
whole or disaggregated spatially for the study area to give a 
contextualized picture of impacts. For example, sensitive areas 
can be flagged within the domain of study where an interven-
tion may have an adverse impact, although overall it may have 
a positive impact. The input data are scored separately for dif-
ferent discrete units, meaning that the framework can be used 
even when the level of detail in the input data is uneven.

Environmental impacts and indicators at different 
scales 
The main environmental impact categories and indicators as-
sessed by the framework are:

• WATER availability and quality – indicated by the total 
appropriation of actual evapotranspiration by fodder, as a 
proportion of total precipitation; the total appropriation of 

surface and groundwater, as a proportion of the available 
supply; and change in water quality as a result of chemical 
use and manure management. The potential change in the 
water-holding capacity of soil that would affect crops’ ability 
to use incoming water is also considered.

• SOIL and land health – indicated by soil erosion in terms 
of sediment loss; the potential change in soil organic matter; 
and change in soil fertility.

• BIODIVERSITY –  indicated by pressure on threatened and 
endangered species habitat; species diversity in crops and 
pastures; animal genetic resources; and a measure of land-
scape multi-functionality. 

• GREENHOUSE GAS emissions – indicated by the 
total emissions of methane, nitrogen oxides and car-
bon dioxide, measured in carbon dioxide equivalents 
and assessed according to Intergovernmental Panel on 
Climate Change (IPCC) guidelines.  

BOX 1: Why do we need a framework for livestock/aquaculture systems development?
Ran et al. (forthcoming) carried out a review of more than 45 existing frameworks assessing environmental impacts for crop and 
livestock value chains. The majority of reviewed frameworks focused on the livestock production stage; did not allow for testing 
alternative management strategies, and were usually time and knowledge-intensive; did not look at livestock production separately 
from other agricultural production; and focused only on the short term at field and farm scales.

Another assessment by Fraval (forthcoming) looked at lifecycle assessments of livestock and aquaculture production. It found that 
only 7 out of 57 studied covered the entire value chain (see Figure 2). It also showed that the main impacts occur at the feed 
production and livestock/fish production stages.

Figure 2:  Length of value chains studied in 57 lifecycle analyses studied Source: Fraval forthcoming
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Figure 1: Process flow of the CLEANED ex-ante environmental 
assessment framework
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Different existing methods can be used to quantify these 
indicators in terms of total use as well as efficiencies, e.g. per 
hectare. Specific impacts and impact indicators are linked to 
one or several spatial scales and to specific temporal scales.

Data sources 
As noted above, the CLEANED framework caters for vary-
ing levels of detail in the input data. Through participatory 
approaches, users define the location and boundaries for the 
study area to be analysed, and supply the livestock production 
system characteristics and context-specific risks and opportu-
nities, based on existing local data, where available, or general 
global data for a result that is less specific to the context.

Public global datasets provide many of the background physi-
cal and climatic data required, including on land-use, rainfall, 
evapotranspiration, soils, and topography (see Table 1). Where 
possible, local research data will provide a finer resolution. 
National statistics provide information on population, crop 
yields, livestock populations, and maybe chemical use, but 
often only at one level below the national. For smaller study 
areas, local surveys or data collections may be needed for 
more locally relevant information.

Various methods exist to incorporate and complement global 
data sets to increase their local relevance. The use of participa-
tory geographic information systems (PGIS) is one example 
of an approach to validate existing data and to collect locally 
relevant information rapidly. The stakeholders discuss the 
issue at hand and plot relevant information on maps, thus high-
lighting key issues. The mapping element provides a tool for 
stakeholders to extrapolate information from detailed surveys 
to a larger area, reducing the need for the detailed survey to be 
comprehensive (e.g. Cinderby et al. 2011, Morris et al. 2014; 
see also Box 2).  

Potential uses of the framework
The CLEANED framework is designed to help ensure that 
actions aiming to improve incomes and food security in 
livestock value chains have a minimum environmental foot-
print, while at the same time lifting people out of poverty. It 
focuses on environmental impacts and is meant to comple-
ment other more commonly applied assessments such as 
cost-benefit analyses and feasibility studies. 

We envisage a range of ways the CLEANED framework 
could be used. As it employs locally relevant and up-to-
date information and knowledge on production systems, 
it should help to identify the likely impacts of implement-
ing specific technologies. It could also be used to rapidly 
screen sets of interventions in farming systems when these 
are in the early stages of development as a basis for further 
discussion. A third application would be to quickly evaluate 
the impacts of a wide range of interventions, then to iden-
tify subsets of promising interventions to be evaluated using 
more detailed quantitative information to estimate aggregat-
ed impacts in certain regions, or to link these interventions 
to global and regional change models.

The target audiences for CLEANED assessments include 
decision-makers at different levels, such as donors, govern-
ment agencies and NGOs. For these groups, CLEANED 
can provide a rapid ex-ante assessment as an alternative 
to monitoring and evaluating interventions already taking 
place at farm scale. The framework further seeks to high-
light positive and negative trade-offs between resource use 
and productivity in order to identify and capture environ-
mental impacts at multiple spatial and temporal scales.

Data set Link/source

Water path 
FAO Aquacrop, CROPWAT http://www.fao.org/nr/water/infores_databases_cropwat.html

MOD16 Evapotranspiration http://www.ntsg.umt.edu/project/mod16

Soil-land path

Soil map Africa Soil Information System (AfSIS): www.africasoils.net

Land cover/land use ServirAfrica Data Portal: http://servirportal.rcmrd.org/ 

Mean rainfall
ILRI GIS Database: http://192.156.137.110/gis/search1m.
asp 

Biodiversity path Sensitive habitats IUCN Redlist

Table 1: Example of public data sources used in an application of CLEANED for dairy development in north-central Tanzania, 2014

This  brief was prepared by Joanne Morris, Ylva Ran and 
Jennie Barron. It  is based on Notenbaert, A., Lannerstad, 
M., Herrero, M., Fraval, S., Ran, Y., Paul, B., Mugatha, S., 
Barron, J., and Morris, J. (2014). “A framework for environ-
mental ex-ante impact assessment of livestock value chains”, 
paper presented by An Notenbaert at the Sixth All Africa 
Conference on Animal Agriculture, 27-30 October, 2014.

Development and testing of the CLEANED framework was 
led by the International Livestock Research Institute (ILRI), 
with SEI, the International Center for Tropical Agriculture 
(CIAT) and the Commonwealth Scientific and Industrial 
Research Organisation (CSIRO). It was chiefly funded by 
the Bill & Melinda Gates Foundation and co-funded by 
the Livestock and Fish CGIAR Research Program. All views 
expressed in this publication are those of the authors. They 
do not necessarily represent the views of the authors’ insti-
tutions, the Bill & Melinda Gates Foundation or CGIAR. 
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