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Abstract
Despite the development of the System of Environmental and Economic Accounting (SEEA) and the
SEEA Experimental Ecosystem Accounting framework, there are still challenges when agroecologists, agronomists, biodiversity specialists, economists and statisticians try to work together, in
building communication bridges between different conceptual world views. This should however not
be surprising as the domains of agroecology and agri-environmental statistics have both developed
independently over the past two-three decades and are only now starting to interact.
In this paper, the authors will present experiences and observations from a study the Food and
Agriculture Organization of the United Nations implemented to evaluate the impact of rice farming on
human health and well-being on five continents, and the role of different ecosystem services. The
study set out to understand the extent to which the economic environment in which farmers operate is
distorted by significant externalities, both negative and positive, and the dependency on natural
capital. The vocabulary and the ways of approaching working together differed between the specialists
from the various disciplines involved in the study. Agro-ecologists study ecological processes in
farming systems and their surrounding landscapes. Their focus is site and context-specific, whereas
agricultural statisticians tend to focus on national and sub-national aggregates and trends.
Agroecological studies are often based on specific crops in defined, sub-national geographical scales
(from plot to farm to landscape scale) where the interactions are complex and measured to understand
a system whilst agri-environmental statistics comes from a macro perspective, where data is
aggregated from sub-regions to regions and national and global estimates are produced. Other issues
such as whether to measure static or dynamic relationships, whether measurements of individual flows
or netting flows should be undertaken amongst others, provided challenges for those involved.
Keywords: agroecology, ecosystem services, rice production, agri-environmental indicators, System of
Environmental and Economic Accounting, SEEA, Ecosystem Accounting.
1. Introduction
The relatively new domains of Agroecology and Agri-environmental statistics have developed with
little interaction over the past 20 to 30 years. With critical demands for feeding the world in a
sustainable way it is also equally critical to understand the interactions between agriculture and the
environment. This paper provides data experiences and observations that a team of specialists,
including agroecologists, economists and statisticians had when working together to evaluate the
impact of rice farming on human health and well-being and the role of different ecosystem services.
2. Agri-environmental statistics and Agroecology: domain development through different paths
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Statisticians in international organizations such as the Food and Agriculture Organization of the
United Nations, (FAO), Eurostat and Organisation for Economic Co-operation (OECD) have over the
past three decades been struggling with measuring the interactions between agriculture and the
environment to provide a basis for policy development for their member states. The work in the early
stages was very much led by the OECD and resulted in publications of data, indicators and analyses
(OECD, 2008, 2013) focusing on topics such as: agricultural production and land; nutrients;
pesticides; energy; soil; water; air; biodiversity and farm management. Eurostat developed 28
indicators/datasets for monitoring the integration of environmental concerns into the Common
Agricultural Policy (CAP). In particular focusing on the state of the environment in agriculture;
understanding and monitoring the linkages between agricultural practices and their effects on
environment; providing contextual information, such as the diversity of the European Union’s agriecosystems and informing on rural development policies and agricultural sustainability.
In the initial OECD dataset over 60 Agri-environmental indicators (AEI) where developed and data
collected. In subsequent revisions only 18 indicators are prepared, but data is not collected for all at
this time. This reduction in the number of indicators was due to issues such as the complexity of
obtaining data from member states with differing levels of statistical systems and varying agricultural
issues. There is general agreement among agri-environmental statisticians that previous efforts to
develop indicators and datasets that provide the information for policy makers on the state of the
environment in agriculture are not yet “mature”. Problems of the indicators include biophysical and
economic conditions: the complexity of encapsulating these differing aspects; data quality,
comparability and spatial aggregation must be recognized; trends and ranges: not the same as absolute
levels or targets; long time-lags between the cause (e.g. excess fertilizer application) and
environmental effect/ outcomes (e.g. groundwater pollution); the metrics of AEI’s are often in
physical units (e.g. GHG tonnes) and not in monetary terms and economists/statisticians need to be
more focused on improving this aspect. (Andrew et al, 2013).
The development of the System of Environmental Economic Accounting (SEEA) (United Nations
2012) and the draft System of Environmental-Economic Accounting for Agriculture, Forestry and
Fisheries (SEEA AFF) has provided statisticians with structures in which basic statistical and data can
be combined in accounts (agricultural production, water, fertilizer, pesticides, etc.) and further
arranged in combined presentations of data from various accounts/products and then into agrienvironmental indicator sets. These international methodologies are now being applied at national and
sub-national levels in data collection, aggregation and analysis.
During the three-decade long period that agri-environmental statisticians and economists have been
struggling to develop frameworks, indicators and datasets, the domain of agro-ecology has been
developing in parallel. The agro-ecologists domain focuses on the sustainable methods for producing
food. Agronomists work has concentrated on research and studies that often focus on the technology
and practices of producing food: thus substituting inputs such as synthetic fertilizer for organic
fertilizers (green manures, nitrogen fixing rotation crops, etc.) or substituting pesticides for Integrated
Pest Management, while agroecologists stress the need for a focus on agro-ecosystems and their
interactions with the surrounding landscape elements, beyond single practices and technologies alone
At the heart of the work of agro-ecologists is what (Altieri, 1995, page ix) would describe as “the
importance of agroecology as the discipline that provides the basic ecological principles for how to
study, design, and manage agroecosystems that are productive and natural resource conserving, and
are culturally sensitive, socially just and economically viable.” Agroecology is a multi-faceted
domain which has developed in a very “organic” fashion, building up knowledge based on scientific
principles of experimentation. It is important to note that agroecological data is also often reported
with qualitative measures. Many valuable experiences are furthermore published in the grey literature,
and when they are from “grey literature”, there is no or non-rigorous information on the scientific
methods used in the data collection. The International Symposium on Agroecology for Food Security
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and Nutrition 2014 highlighted this rapid growth in scientific knowledge over multiple agroecology
domains. Data was often cited by the agroecology experts, but lacked a common structure that would
facilitate data aggregation and cross-domain analysis.
The summary report (FAO, 2014, page 6)
noted that whilst there was “… Increase data and policy evidence on the consequences of conventional
farming on the environment including air, water and soil, as well as on social issues including health,
jobs, rural development, justice and security” there was also a lack of data: “…Need for information
and data on the importance of crop diversity for health benefits (phytonutrients and protective
bacteria)… Although quantitative data on the effect of Agroecology on employment are lacking,
existing case studies suggest that Agroecology creates job opportunities because it is labour intensive
and improves the productivity of labour…”
3. Do scales, time and scope matter ? Agroecologists and agro-environmental statisticians work
on different levels of detail	
  
The International Symposium on Agroecology highlighted the a broad range of topics that are of key
importance to agroecologists including: comparing traditional systems of agriculture to Agroecology
systems, closing the nitrogen cycle, reduction of input use and input-substitution, integrated soilfertility management practices; agroecology for livestock systems; agroforestry systems, etc. Some of
the above mentioned topics are very familiar to agri-environmental statisticians such as the nitrogen
cycle, however having familiar topic areas does not always mean the same approach is what each
domain requires from an information perspective. Using the nitrogen cycle as an example we know
that nutrient flows are a critical area for both agroecologists and environmental statisticians as
nutrients provide the positive inputs for plant growth and food production, but also the negative
aspects of nutrient runoff, surplus of nitrogen (N) or phosphorus (P) on agricultural land and
possibility of losses of nitrogen/phosphorus from these agricultural activities to the aquatic
environment. The statisticians have developed indicators relating to the Gross Nutrient Balance of the
nutrient such as: Phosphorus surplus (kg P per ha); average phosphorus input per ha (Eurostat 2015)
The gross nitrogen balance lists all inputs and outputs and calculates the gross nitrogen surplus as the
difference between total inputs and total outputs. The gross nitrogen surplus per ha is derived by
dividing the total gross nitrogen surplus by the land reference area. This provides the statisticians with
nutrient indicators for policy use. Agroecologists would however need greater detail for where
nutrients cycles are being monitored: the understanding of the interaction on multiple scales is very
complex major nutrient loss pathways where there is leaching; biomass transfer at different scales
(grain harvest, crop residues, grazing, marketing of agricultural produce/products); soil erosion;
gaseous losses (carbon dioxide, denitrification and ammonia volatilization) (Mapfumo, 2014).
The agri-environmental statisticians’ view of the nutrient cycle in resulting indicators is rather limited
as flows are monitored and the overall net flow, magnitude and direction are considered of primary
important for decision making. For agroecologists, whilst interested in the same details of nutrient
flows as the statisticians, they see the need for more detail on the individual flows before they are
netted. This issue of netting flows also occurs in the System of Environmental and Economic
Accounting for Agriculture, Fisheries and Forestry (SEEA AFF, 2015) where input/output flows are
netted, thus resulting in detail being lost. The detail allows agroecologists to understand the role,
interactions and importance of each of the actors in the agro-ecosystems. To complicate the matter,
often these interactions are dynamic and on-going, and therefore difficult to measure.
An example where these differences matter and become evident is The Economics of Ecosystems and
Biodiversity (TEEB) global initiative for Agriculture and Food, led by UNEP. FAO together with
Bioversity and IRRI is currently shedding light on the rice sector within this initiative. The TEEB
initiative is focused on drawing attention to the economic benefits of biodiversity including the
growing cost of biodiversity loss and ecosystem degradation. TEEB presents an approach that can help
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decision-makers recognize, demonstrate and capture the values of ecosystem services and biodiversity.
The initiative has recently set out to assess the agricultural sector in this regard, in order to
demonstrate that the economic environment in which farmers operate is distorted by significant
externalities, both negative and positive, and that there is a lack of awareness of dependency on natural
capital.
Making these dependencies and impacts of ecosystems services visible, i.e. giving them a value is
fundamental for designing policies that aim to incentivize farmers to provide or maintain ecosystem
services for the good of the society. At the center of the research led by FAO are five county studies –
Cambodia, Philippines, Senegal, Costa Rica and California - which will assess ecosystem services of
rice productions systems and how they lead to positive and negative externalities as well as the
enhancement or the degradation of natural capital in several types of rice farming systems. These
systems differ in terms of scale, farm management (from intensive, high input to extensive, low input
systems) and the agro-ecological characteristics of the farm location. Decisions on the scale,
management of each farm, the location and accordingly of its ecosystem services usually involve
trade-offs, but also synergies. The study seeks to identify these trade-offs and synergies and express
them in bio-physical units or in monetary terms. This will help policy makers to visualize the impact
of different farming systems on rice production, ecosystems and rural livelihoods, and raise their
awareness to urgent policy issues.
At the center of the work is the agriculture and food system, or more specifically the rice agroecosystem. It is an ecosystem, which is managed with the intention of producing, distributing, and
consuming food, fuel, and fiber. An ecosystem is a core concept of ecology which describes
interactions between organisms and with their environment. The Convention on Biological Diversity
defines ecosystems as a dynamic complex of plant, animal and micro-organism communities and their
non-living environment interacting as a functional unit. As a concept, an ecosystem does not have
fixed spatial boundaries, nor a defined set of organisms, or ecosystem service flows. While this does
not allow for direct translation into an accounting framework as done by SEEA, for instance, it helps
to illustrate the components, flows and outputs from and to the system over different scales and time.
It should be seen as a basis for discussion when developing a general framework for analysis. For
valuation and accounting purposes ecosystems or ecosystem assets are defined through the delineation
of specific and mutually exclusive spatial areas (EC 2013).
The rice study currently being led by FAO used a rice-agroecosystem model based on the SEEA to
ensure the necessary flows and interactions were first identified, understood and a consensus
developed by the team of agro-ecologists, agronomists, biodiversity specialists, economists and
statisticians. This helped in building communication bridges between different conceptual views.
Using the concepts of environmental accounting to frame the interactions does however provide a
simplified view of the interactions and does not differentiate the units employed e.g. physical or
monetary. The types of data collected and used by agroecologists and agri-environmental whilst in
many instances being on the same topic, varies considerably in 1. scale, 2. time and 3. scope.
1. The issue of scale has been identified by Dalgaard et al (2003, page 39) where they note that
“accepting agroecology as a separate scientific discipline, the two main issues with which it must
contend were considered to be those of scaling and inter-disciplinarily.” Scaling is a problem because
results of agroecological research are typically generated at small spatial scales, whereas applications
(the up-scaling) are frequently implemented/supported by public institutions extension services or
larger agri-business companies. like. Typical agroecology experiments are not generally undertaken
on large industrial agricultural scale, but rather on experimental plot sizes as small as two to five
square metres.
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2. The issue of time is equally challenging. The data agroecologists sample come from specific
experiments which often are carried out over a number of cropping seasons. Furthermore, many
environmental and health impacts only show effects after a couple of years. So called tipping points
are only visible once a specific limit has been reached. Soils, for instance, are slowly degrading, not at
once, in one season. The climate is gradually affected by greenhouse gas emissions throughout the
years.
3. The issue of scope. These specific experiments are difficult to obtain data from as they are generally
specific to one crop, farming system, region, soil characteristics, or experimental design. It is
understood that the full benefits of agroecology practices are only fully realized after a period of five
to six years. Furthermore, in agroecology, interactions of different ecosystem elements matter. Such
interactions are difficult to capture within simple experiments.
This type of experimental data is quite different to that collected and used by agri-environmental
statisticians. Whilst considerable amounts of agricultural statistical data also originate from data
collections at the farm level, sampling techniques are employed to ensure that representative samples
are taken and that aggregations at sub-national and national levels are possible and data quality being
ensured. It is difficult to aggregate the data of agroecology experiments.
Agroecologists have become very efficient in recent years in building up knowledge to a larger scale
by using the techniques of meta-analysis. This has provided the domain with statically robust methods
to generalize results of the various agroecological practices. The use of meta-analysis however does
rely on a sufficiently large quantity of studies dealing with the particular agroecological practices in
order to run a basic meta-analysis.
4. Does language matter? Agri-environmental statisticians and agroecologists have different
vocabularies
The challenges posed when agro-ecologists, agronomists, bio-diversity specialists, economists and
statisticians try to work together, in building communication bridges between different conceptual
views and even linguistic usage can be significant. The vocabulary and the ways of approaching
working together differed between the specialists from the various disciplines involved.
Agroecologists study ecological processes in farming systems and their surrounding landscapes. Their
focus is site and context-specific, whereas agricultural statisticians tend to focus on national and subnational aggregates and trends. The terminologies employed by the domains can also complicate
matters. For example the term “dependencies” is used by environmental economists, whilst agristatisticians and agroecologists would use the term “inputs”.
More subtle, but equally confusing are those terms, which have different meanings but apply the same
word. For example, the term ecosystem as used by ecologists or agroecologists refers to a dynamic
complex of plant, animal and micro-organism communities and their non-living environment
interacting as a functional unit, while statisticians use the term to define a specific and mutually
exclusive spatial area (EC 2013).
Some data is easier to collect than others and where it is not feasible to collect data directly, such as
carbon sequestration, air, runoff; models are used to provide estimates of the magnitude, direction and
trends of the flows. The development of these models is a complex, time consuming and expensive
task. This results in the same models (e.g. carbon footprint) being used each time a study is
undertaken, covering the same topic areas. Topics that don’t have a current model such as biodiversity
loss are left with data gaps.
The problems of integrating data are critical to development of datasets to be used by agroecologists
and agri-environmental statisticians. This must be undertaken at all levels of data collection and cross-
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sector data (agriculture, forestry and fisheries) must be included. The detailed underlying data on
specific topics such as the quality of soils and water must also be integrated. Data gaps will need to be
identified and standard methods developed to facilitate filling the data gaps.
5. Conclusions
In order to make site and landscape specific environmental and agronomic interactions visible and
understandable for national policy making, the domain of agroecology would benefit from a statistical
data framework that accounts for specific issues, difficulties and interactions: such as scale, space, and
time. Such statistical data frameworks will need to be integrated with existing statistical frameworks
and statistical strategies at national and international levels and must be able to include both
quantitative and qualitative information.
The agricultural production function has been one of the building blocks to structuring and analyzing
agricultural data and for agro-environmental analysis. The domain of agroecology goes beyond a
simple agricultural production function and focuses more on a systems approach to agricultural
production and the environment. The lesson for agri-environmental statistics is that the agroecosystems approach needs to be taken into account in producing data and indicators for future
accounting systems.
The current suite of AEI’s used by OECD/Eurostat and FAO may be what is needed at the national
and international for agri-environmental policy monitoring, however they do not provide the
information needed to correctly portrait the site and landscape specific interactions of the environment
and agriculture, studies by agroecologists. The development of the SEEA, SEEA Ecosystems and
SEEA AFF, are major steps forward but will need extensions developed to encompass agroecology.
The more agroecologists and agri-environmental statisticians and economists work together the better
each becomes in understanding the interactions between agriculture and the environment. Let the data
talk!
References
Altieri, M. A. (1995). Agroecology: The science of sustainable agriculture. 2nd ed, Westview Press.
Andrew, D., Mayo, R., & Selenius, J. (2013) Frameworks for agro-environmental statistics in support
of sustainable development. The Sixth International Conference on Agricultural Statistics (ICAS-VI).
Dalgaard, T., Hutchings, N.J., & Porter, J.R. (2003). Agroecology, scaling and interdisciplinarity”,
Agriculture, Ecosystems & Environment, Volume 100, Issue 1,
European Commission, Organization for Economic Co-operation and Development, United Nations,
World Bank, 2013. System of Environmental-Economic Accounting 2012. Experimental Ecosystem
Accounting. Retrieved 3/10/2014 from http://unstats.un.org/unsd/envaccounting/eea_white_cover.pdf
Food and Agriculture Organization of the United Nations. (2014). Final Report for the International
Symposium on Agroecology for Food Security and Nutrition.
Mapfumo, P. (2014). Creating virtuous cycles through agroecology. International Symposium on
Agroecology for Food Security and Nutrition, Food and Agriculture Organization of the UN.
Eurostat. (2015). Agri-environmental indicator - risk of pollution by phosphorus.
Food and Agriculture Organization of the United Nations, (2015) Global Consultation Paper on
System of Environmental-Economic Accounting for Agriculture, Forestry and Fisheries ,UN.
OECD. (2008). Environmental Performance of Agriculture at a Glance. OECD Publishing.
OECD. (2013). OECD Compendium of Agri-environmental Indicators. OECD Publishing.
United Nations, (2012). System of Environmental-Economic Accounting. United Nations.
United Nations, (2014). System of Environmental-Economic Accounting: Experimental Ecosystem
Accounting. United Nations.

Powered by TCPDF (www.tcpdf.org)

