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Abstract
The technological advancements in agriculture have
resulted in higher yields but lower ecological efficiency
and nutritional value. Little innovations in later sectors such
as integrating ecological functions in the production
systems have crippled our agro-ecosystems to meet the
ever-growing demands. The digitization of the agro-
ecosystems has become the most essential entry point for
any large scale sustainable developmental entities whether
it is, crop diversification, sustainable intensification, input
use efficiency, agronomic practices, to restoring ecosystem

services and risk management. Recent advances in geoin-
formatics technology and big-data analytics enabled the
diffusion of ecological functions in farm production to
achieve the desired return (production follows functions).
The overarching goal of the ongoing effort was to build an
integrated farming system by leveraging technological
diffusion with sound ecological functions to design an
‘inclusive agro-ecosystem’ for sustainable development.
Meta-analytics of farming systems dynamics in spatial
domains help quantifying changes, trajectories and drivers
under changing climate, demography and degradation
process to target site specific developmental interventions
and scaling the proven technologies, such as intensification
of food legumes in rice fallows, adoption of conservation
agriculture, quantification of yield gaps, land/water pro-
ductivity and transboundary cooperation.
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1 Introduction

Dry lands host an enormous variety of biophysical envi-
ronments with extremely contrasting socio-economic and
demographic conditions. This complexity leads to a wide
variability in agricultural functions and productivity across
spatio-temporal scales. Therefore, there is a definite need for
an ecosystem-based approach for better managing natural
resources to improve productivity in a sustainable way that
integrates three main goals—environmental health, eco-
nomic profitability, and social equity. Enormous efforts are
underway to gather data and information on agricultural
production and related aspects at various scales (http://
bigdata.cgiar.org/). There are hundreds of data, tools, apps
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and much knowledge available for the increasing produc-
tivity but in silos, often without much focus on the ecolog-
ical functions. There is need for meta-analysis of the best
practices with diffusion of ecological functions for designing
demand-driven, location-based sustainable agro-ecosystems
for resilient livelihood in dry areas.

2 Approach

The dry areas represent a wide agro-biodiversity and the
origin of climate resilient crops. However, in the last few
decades, the productivity was a major driver rather than
functional systems which resulted in the loss of agro-
biodiversity in the farming systems. Production follows
function and functional agricultural systems are by far more
productive and sustainable than dysfunctional systems such
as few commodity oriented or mono-cropping systems over
long term. This requires dramatic transformational changes
from mono systems to multi-cropping systems and re-design
of the present agricultural landscape with functional metrics.
This entails the systematic quantification of the agricultural
production systems and farm analytics at multiple scale(s)
with a wide array of data sources to design science-based
innovative strategies and principles for inclusive multifunc-
tional agro-ecosystems that are both sustained by nature and
sustainable in their nature (Tittonell 2014). The effective use
of integrated data in geospatial domains help develop
ecological-intensification design eco-zones with location
specific crops/varieties, crop sequence, rotation, intensity and
crop water productivity (Biradar et al. 2009; Low et al. 2017)
under a variable and uncertain climate. Such ecologically
balanced agricultural production systems (agro-ecosystems)
contribute to the UN’s Sustainable Development Goals
(SDGs).

3 Use Cases

Several ongoing efforts are made by leveraging the big-data
analytics to build use-cases, quantify the agricultural
dynamics and understand the variability and drivers for
sustainable production systems. Project based site specific
studies have been undertaken in different agro-ecologies
across the dry areas (http://geoagro.icarda.org/); such as
intensification of food legumes in rice fallows in South Asia,
adoption of conservation agriculture practices in North
Africa, quantification of yield gaps and land degradation in
central Asia, trans-boundary land/water productivity at river
basins. Here we presented one use-case on ‘sustainable
intensification of the rice fallows in India as an example and
other use-cases can be found in the dedicated portal (http://
geoagro.icarda.org/intensification).

3.1 Sustainable Intensification of Rice Fallows

As agricultural production, supply-demand gap continues to
rise, the total arable land area is not expected to increase
significantly, and future increase of agricultural production
will depend more upon sustainable intensification of crop
fallows. One such intensification opportunity lies in the use of
rice fallows. At present, nearly *11 million ha rice-fallows
are left unproductive. Such large-scale agricultural intensifi-
cation needs up-to-date information on the dynamics of the
rice-based production systems, farm typology, crop and
variety specific suitable areas, natural resource base and value
chains. Such requirements have led to the development of
digital agricultural platform designed to help intensification
and crop diversification in crop fallows with food legumes.
The digital interactive platform help analyze the farming
systems, patterns, dynamics of the crop fallows, length of
fallows duration, the start and end of the fallow periods, their
seasonality, cropping intensity, etc. helping target sustainable
intensification of the legumes crops in the rice fallows with
multiple benefits to farmers as well the environment (Fig. 1).

4 Towards Restoring Lost Agro-Ecosystems

Loss of soil health coupled with increasing temperature and
water scarcity remain key factors for determining sustainable
agricultural productivity and the agri-food systems future.
Agriculture production at present relies solely on few crops
predominantly under monocultures of industrial agriculture.
However, there are still many traditional farming systems
with wide array of practices and production functions, which
supports the resilience of agro-ecosystems (Altieri et al. 2015;
Mehta 2017). The diversified agro-ecosystems is found to be
more productive, helps in bridging the yield gaps, more
sustainable and resilient to extreme climate events (Astier
et al. 2012; Gaba et al. 2015; Low et al. 2018). A regular,
accurate and cost effective spatial monitoring of rice-based
production systems with satellite data made it feasible to
target specific legume intensification. It provides spatially
explicit information retrieval about crop productivity, pattern,
inter and intra seasonal as well as farm variability which helps
develop integrated agro-ecosystems. Such principles need to
be embedded in various farm practices and agricultural
development strategies, where each one has different effects
on productivity, stability and resiliency within the farm sys-
tem. The digital technology would play key role in an effec-
tive diffusion of sustainable agro-ecosystems and targeting a
wider and faster adaptation to changing climate and demog-
raphy. Finally, only by creating policies endorsed diffusion of
digital technology that integrates ecological functions with
economic and social welfare can we promote the adoption of
sustainable agricultural systems across the scales.
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Fig. 1 Spatial Big-data based digital agricultural platform for ecological intensification of rice fallows in India
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