Facilitating human-wildlife cohabitation through conflict prediction
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Abstract

With increasing world population and expanded use of forests
as cohabited regions, interactions and conflicts with wildlife
are increasing, leading to large-scale loss of lives (animal
and human) and livelihoods (economic). While community
knowledge is valuable, forest officials and conservation or-
ganisations can greatly benefit from predictive analysis of
human-wildlife conflict, leading to targeted interventions that
can potentially help save lives and livelihoods. However, the
problem of prediction is a complex socio-technical problem
in the context of limited data in low-resource regions.
Identifying the “right” features to make accurate predic-
tions of conflicts at the required spatial granularity us-
ing a sparse conflict training dataset is the key challenge
that we address in this paper. Specifically, we do an illustra-
tive case study on human-wildlife conflicts in the Bramhapuri
Forest Division in Chandrapur, Maharashtra, India. Most ex-
isting work has considered human-wildlife conflicts in pro-
tected areas and to the best of our knowledge, this is the first
effort at prediction of human-wildlife conflicts in unprotected
areas and using those predictions for deploying interventions
on the ground.

1 Introduction

India is home to some of the world’s most biodiverse re-
gions, housing numerous endemic species (Bharucha 2002).
Most forest areas in India are cohabited — these are not pro-
tected areas (Forest Survey of India 2019). Local communi-
ties maintain and take great care of these forests. High densi-
ties of carnivores and herbivores cohabiting with humans re-
sult in human-wildlife conflicts leading to loss of crops and
cattle for humans, loss of wildlife, and in some cases, loss
of human life. (Woodroffe, Thirgood, and Rabinowitz 2005).
The number of human-animal conflicts in recent years in the
state of Maharashtra, India (Pinjarkar 2019) for the years
2014-2018 ranged between 4496 and 8311 for cattle kills,
22568 and 41,737 for crop damage cases.

One such region, which we focus on in this paper as an
illustrative case study, is the Bramhapuri Forest Division
in Chandrapur, Maharashtra, India, which is home to 2.8
tigers and 19000 humans per square kilometer. Studies by
our on-field partner, a non-government organization (NGO),
showed that more than fifty percent of the households in the
Bharmapuri Forest Division had experienced crop depreda-
tion and livestock loss due to wildlife. Such conflicts impose
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an economic and psychological cost on the community. Ad-
ditionally, the costs also spill over to conservation efforts
as in many cases these conflict situations prompt retaliatory
killings of wildlife and burning of forests. Figure 1 shows
a map of human-animal conflicts in the Bramhapuri Forest
Division across 2014-17.

A big bottleneck in the mitigation of these conflicts is the

lack of timely interventions. If one can predict these human-
wildlife conflicts, it can help the government and NGOs ex-
ecute timely interventions to reduce the loss of crops, live-
stock, and human-life. We aim to build Al-based solutions
to help with such interventions. To that end, the main objec-
tive of this paper is to predict the intensity of human-wildlife
conflicts in a particular region as an illustrative case study to
learn lessons that can be utilized in other ecological domains
that grapple with frequent cases of human-wildlife conflicts.
In order to make such predictions, the basic requirement is
the presence of conflict data over the years. Through years
of interactions with the government, and conducting ground
surveys, our partner NGO has collected a detailed human-
animal conflict dataset since 2014.
Contributions. To the best of our knowledge, this is the first
effort at predicting human-wildlife conflicts in unprotected
areas and this results in three main challenges. The first and
foremost challenge is the need to identify the “right” features
that will assist in the accurate prediction of conflicts. Based
on observations from the data and consultations with domain
experts, conflicts tend to happen in certain types of areas
(near water bodies, low elevation areas, etc.) depending on
the time period. Second, the conflicts are very sparse and not
evenly distributed temporally and spatially. For instance, the
dataset used in this paper has only 0.38 conflicts per month
per 100 km?. This poses a major challenge while trying to
apply traditional machine learning tools to predict conflicts.
Thirdly, for predictions to be useful, they have to be at a
spatial granularity of a large village or few small villages (~
4 km x 4 km), which is challenging.

To address these challenges, we make the following key
contributions: (i) We investigate a wide variety of features
and conclude that simple features (like latitude, longitude,
and terrain elevation) are insufficient in predicting conflicts
successfully; (ii) Therefore, we move to more complex fea-
tures such as satellite images and we provide a novel way
of generating more training data for training Convolutional
Neural Networks (CNN5s) to make intensity predictions; (iii)
To better handle sparse training data, we provide a way to
apply curriculum learning and also provide a novel hierar-
chical classification approach. Finally, on the real test data






