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A B S T R A C T

Sahelian transhumance is a seasonal movement of herds based on strategies. These strategies are based on
environmental and socio-economic factors. However, it is empirically difficult to establish the influence of each
factor on the spatio-temporal distribution of herds. This paper presents a microsimulation software Sahelian
transhumance simulator (STS). STS determines the spatio-temporal influence of each factor on herd movements.
It also proposes scenarios for developing and securing the Sahelian pastoral space.

Code metadata

Current code version v1.0
Permanent link to code/repository used for this code version https://github.com/SoftwareImpacts/SIMPAC-2024-9
Permanent link to Reproducible Capsule https://codeocean.com/capsule/2352311/tree/v1
Legal Code License MIT License
Code versioning system used comses
Software code languages, tools, and services used Gama, python, numpy, matplotlib, matplotlib-inline, pandas, seaborn
Compilation requirements, operating environments & dependencies conda 23.1.0, jupyter 1.0.0, python
If available Link to developer documentation/manual https://github.com/cheickamed/transhumance_simpact.git
Support email for questions cheickameddiloma.traore@ucad.edu.sn

1. Introduction

Transhumance is a seasonal pastoral mobility covering hundreds of
kilometers. During transhumance, the livestock is moved from their
terroir of origin to one or more host terroirs [1]. These movements
depend on strategies based on vegetation quality, water outlets, vet-
erinarian centers, markets, perturbators (robbers, cattle thieves), and
the transhumant’s socio-economic network (people helping the tran-
shumant) [2,3]. However, it is empirically difficult to establish the
influence of each movement factor on the spatio-temporal distribution
of herds. To fill this gap, this paper performs microsimulations of herd
movement strategies.

Microsimulation is the modeling of a subset of a phenomenon’s
strategies. This technique is used to analyze or test the hypotheses
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of the studied phenomenon by computer simulations [4,5]. For each
hypothesis, the modeler runs one or more microsimulations. The mod-
eling results are then compared with empirical data or results to draw
conclusions applicable to the real world [4,6].

In this paper, we present Sahelian transhumance simulator (STS).
STS is a set of microsimulations with two purposes. Firstly, to determine
the spatio-temporal influence of each movement factor on the spatio-
temporal distribution of herds. Secondly, it is a decision-making tool for
politicians, NGOs, and security agents (gendarmes, water and forestry
officers). Ultimately, it will tell: (1) where it would be efficient to
install boreholes, markets, veterinary centers, and prohibited areas;
and (2) how to secure the movements of transhumants. To achieve
these goals, microsimulations conceptualize and simulate transhumant
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Table 1
Input parameters.

Description Value Reference

Number of herds 200 Empirical
Rate of herds vaccinated 70% [9]

Herd speed  (15.5, 2) km day−1 (Outward phase) [10,11]
 (17.5, 2) km day−1 (Return phase) [10,11]

Number of perturbators 20 Empirical
Rate of mobile perturbators 35% Empirical
Rainfall 𝑟 ∈ {𝑔𝑜𝑜𝑑, 𝑎𝑣𝑒𝑟𝑎𝑔𝑒, 𝑙𝑜𝑤} [12]

herd movement strategies. These microsimulations are based on multi-
agent systems. In addition, herd movement strategies consider a single
movement factor: vegetation quality, water outlets (boreholes, anten-
nas, ponds), veterinarians, markets, perturbators, and socio-economic
network.

2. Description and features

In STS, herd movements are carried out on a six-hour time step.
Indeed, transhumant herds have two daily movement phases of six
hours each. The simulator has a time horizon of 10 months to consider
the duration of the outward and return phases of transhumance.

2.1. Input data

STS is a simulator incorporating data such as rainfall, a map of
the study area, animal characteristics, and an approximate number of
perturbators (Table 1). The study area map contains the locations of
the herds’ terroir of origin and host terroir. In addition, it contains
the locations of water points, veterinary centers, markets, the spatial
distribution of vegetation, land use such as built-up areas, and the pro-
hibited areas for herds location (Fig. 1). These data are georeferenced
in geographic information systems as shapefiles. After the input data
loading, the simulation space is partitioned into grid cells [7,8]. For
example, to use STS in Senegal, the cells were 9.6 km×9.6 km with the
topology of Moore. This cell size is close to the average daily distance
covered by the herds.

2.2. Extensive parameter control

An STS user can control the parameters of Table 1, the locations
of the herds’ origin and host terroirs, and the size of the grid cells. In
addition, a user can control the experiment’s number of replications
and exploration scenarios, allowing exhaustive exploration of different
scenarios.

2.3. Exploration strategies

Each microsimulation of STS is an exploration strategy (Table 2).
Each strategy is based on a single movement factor and prohibited
areas for herds (Fig. 2). A movement factor can be vegetation quality,
water outlets, veterinarians, markets, perturbators, and the transhu-
mant’s socio-economic network. When a herd is in a prohibited area, it
implements a process to leave it.

There is no scenario on vegetation quantity, as the design of STS
assumes that there is sufficient vegetation and water on the rangelands.
Indeed, transhumants gather daily information before determining the
herd’s path. As a result, they will not choose a path where there are
not enough pastoral resources.

Fig. 1. Example of study area in Senegal and grid of simulation space with prohibited
areas for herds.

Fig. 2. Activity diagram of transhumant herd movements.

3. Software function

STS simulates transhumant herd movements based on Table 2
strategies in the Gama multi-agent simulation platform. During Gama
simulations, we save:

• The average duration of the outward and return phases of tran-
shumance and the average proportion of space used by herds
during their movements (Fig. 3);

• Herd locations and spatial distribution, to determine: (1) the
paths used by herds and the conditions in which transhumance
corridors emerge; (2) the influence of prohibited areas on the
duration of transhumance and the proportion of space used by
herds (Fig. 4). The location of prohibited areas can influence the
spatial distribution of herds because they must avoid these areas.

In addition, analysis of the saved data is used both to compare the
results of the exploration scenarios with each other and with reality
2
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Table 2
Exploration strategies.

Herd movement strategies based on Parameter Reference

Vegetation quality 𝑑𝑣𝑒𝑔 ∈ [12, 26] km (distance between herd and vegetation) [10]
Water outlets 𝑑𝑤 ∈ [10, 25] km (distance between herd water outlets) [13]

Veterinarians 𝑑𝑣 ∈ [14, 26] km (distance between herd and veterinarians)
𝑗𝑣 ∈ [[0, 6]] (length of stay in days)

Markets 𝑑𝑚 ∈ [1, 25] km (distance between herd and markets) [14]
𝑗𝑣 ∈ [[1, 14]] (time for animal saling) [15]

Perturbators 𝑑𝑝 ∈ [0, 19] km (distance between herd and perturbator)
𝑗𝑝 ∈ [[0, 4]] (number of waiting days)

Socio-economic network 𝑗𝑟𝑠 ∈ [[2, 6]] (length of stay in days) [11]
𝑁 ′

𝑟𝑠 ∈ [[5, 11]] (number of elements) Empirical

Fig. 3. Average duration of transhumance phases and proportion of space used by herds (in Senegal) during their movements based on water outlets. 𝑃𝑎𝑟𝑒𝑎: Prohibited area; 𝑑𝑤:
aximum distance between herd location and water outlet.

Fig. 4. Spatial distribution of herds (in Senegal) based on water outlets and prohibited areas. In white, traces of the herds. 𝑑𝑤 = 20 km, 𝑑𝑤: maximum distance between herd
ocation and water outlet.

nd to forecast issues such as the development of pastoral areas and
ptimization of the carbon footprint of transhumant herds.

. Impact overview

STS is a set of microsimulations. Each microsimulation is designed
n the macroscopic spatial scale of the Sahel and simulated in a more
estricted study area (northern Senegal, for example). This approach
uarantees that the software is generic and can be used anywhere in
he Sahel. In addition, STS can be used to determine the spatio-temporal
istribution of herds and the conditions under which transhumance cor-
idors emerge. As a result, STS is valuable for experimental validation,
educing the time and resources traditionally required for empirical
tudies. In the case of the pastoral zone of northern Senegal, STS was
sed to confirm or establish (without going into the field) that:

• The socio-economic network of the transhumant was the factor
that allowed a significant spatiotemporal distribution of herds;

• Water outlets allowed a significant spatial distribution of herds.
Transhumance corridors generally emerge when herd movements
are based on water outlets;

• Veterinarian centers, markets, and perturbators have no signif-
icant spatial impact on herd movements. However, veterinary

centers can have a significant temporal impact on transhumance.
Due to waiting times of several days at a Veterinarian;

• Prohibited areas may be flora or fauna reserves. These areas play
their role if they are located where vegetation is of average or
lower quality.

In addition, these results obtained in Senegal inspired the design of the
model of Traore et al. in [16]. In this model, herds move according to
the social network of transhumants and veterinary centers. This model
studies the impact of transhumant herds on vegetation depending on
rainfall and the proportion of grazeable vegetation.

Beyond the academic and research fields, STS can be used by
politicians or NGOs to determine where to build a livestock market,
veterinarian center, or borehole to distribute herds more widely in
space. Indeed, a wide spatial distribution of herds enables vegetation to
sequester greenhouse gases from herds more effectively. Furthermore,
markets and veterinarian centers that are too close or too far apart are
of no real interest to transhumants and local populations.

Gendarmes can use STS to anticipate the movements of transhu-
mants in a prohibited area. In Sahelian countries facing attacks by
armed terrorist groups, a prohibited area can be considered a place
controlled by terrorists. If a transhumant goes into such an area, either

his animals are likely to die, or he is tied to terrorists.

3
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Water and forestry officers can use STS to determine the location of
protected areas that are prohibited to herds.

5. Limitation

STS has two main limitations. The size of the grid cells can influence
the results of statistical analysis when the herds only touch the cells at
the edges of the prohibited areas. For small grid cells (3 km×3 km), the
impact of herds on the edges of prohibited areas will be insignificant.
On the other hand, the impact of herds on the edges will be significant
for large cells (10 km × 10 km).

The second limitation of STS is that herd movement strategies
do not consider all factors simultaneously. This limitation limits the
numerical reproduction of Sahelian transhumance. Nevertheless, the
methodology and concepts developed in this research allow us to carry
out prospective studies. Moreover, the results could be used to design
holistic models of Sahelian transhumance.
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