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SUMMARY: Today, the introduction of information and communication technologies (ICT) in played an important role 
in daily life; it can be used as a tool to improved development. Sustainable development is a challenge for Sahel 
Countries and Mali in particular. Mali economy is mainly based on rain fall activity, which depends on weather 
variability. Reach sustainable development need efficient Collaboration between weather scientists, End users, ICT 
operators and decision makers. Based on CCM concept In this paper, we proposed and Agro_pastoral mobile service 
application based on android and cloud computing. The software is based on cloud android computing to store the data. 
Data are collected through meteorology agency, mobile phone, telecommunication operation and satellite data. The 
propose service will alert the farmers at the same time collect weather parameters from the registered users to cloud 
servers. Our application is reachable and also helps End user to plan the pre-post agriculture activities. 
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I. INTRODUCTION 

Few years ago the connection between climate 
change and conflict was contested by researchers [1]; 
but recently a correlation has been proved between 
climate variation, socio-economical situation and 
conflicts. According 2014 IPCC report, indirect causal 
connection between poverty and economic shocks 
amplified by climate change and intra-state violence [2, 
3, 4], affecting the sustainability. A changing climate 
has exacerbated tensions causing water scarcity, food 
shortages, natural resource competition, 
underdevelopment and overpopulation. 

As time passes the goal of sustainable 
development becomes a dream for most African 
countries, in general and Sahel countries in particular; 
due to the lack of efficient climate mitigation policy. 
Sustainable development is impossible without 
efficient weather data network collection, processing 
for better prediction. The recent development of ICT 
technology, computer science and remote sensors have 
give an opportunity to build an efficient weather data 

collection network. 
However, planning an efficient decision for 

climate adaptation varies from location to location and 
country to country as it is influenced by government 
structures, legal systems, geography, national culture, 
and stage of economic development. [5, 6]. There is a 
big gap between the availability and delivery of 
agriculture inputs and agriculture infrastructure that 
can be a bridge by the use mobile technologies. Today 
the increasing penetration of mobile phone 
(smartphone) can be used to improve the resolution of 
the collected data, and the communication between 
End users data and scientists [7, 8]. 

ICT technology has played a powerful role in 
daily life even in developing countries. [3, 9, 10], Use 
mobile smart sensors (smart phone) in Agro_Patoral 
Business is an emerging field. Mobile smart sensors 
held device such as smart phones the most popular of 
ICT devices has increasingly became powerful year to 
year; because of the development of internet and 
wireless access. With the advent development of cloud 
computing application for android services, ICT can be 
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used as an efficient for development, and social 
stability improvement tools [4]. In some countries 
several services are been developed supported by smart 
phone, in order to improve the productivity of farmers. 
Very few of them have been developed in Sahel 
countries for population particularly in Mali [11,12]. 

Build an efficient application for sustainable 
development in order to improve the adaptation and 
resilience of human kind, due to the negative variations 
of climate, short and long term collaboration between 
all actors is necessary. This paper is organized as 
follow the next section is focused on the methodology 
of our approach. The third section discusses the 
efficiency of ICT for data collection to better plan 
sustainable development. All software application is 
based on computation in this paper we proposed cloud 
android computing, which is presented in section four; 
section five is focused on our proposed service. Finally, 
we concluded the paper in section six 

II. METHODOLOGY 
Climate mitigation and resilience due to climate 

change required collective learning and new modes 
collaboration between all actors. This challenge is 
firstly based on efficient data collection network; 
secondly design an appropriate weather data in order to 
manage the uncertainty (complexity); and finally, we 
used popular and efficient communication approach to 
communicate the processing result to End users and 
decision makers. The Sustainable Development Goals 
require new, evidence-based on science; because the 
most actors on agro- pastoral activities in Mali are 
characterized by their illiteracy; importance will be 
accorded to graphic data and video in local language. 

The aim of this paper is to use ICT for monitoring 
climate change mitigate and resilience the negative 
effects of climate change remains a challenge for 
Africa and other developing countries  [ 15,14]. An 
efficient used of ICT can help all users whom activities 
depend on climate variation to take necessary decision 
for better planning. The methodology is composes in 
three major steps: 

data collection based on ICT tools: in this step 
telecommunication operator, satellite, ground and end 
mobile users data will be associated in data collection, 
in order to increase the resolution. 

Data processing and simulation:, in order to 
transform the collect data into predictable data. One of 
a big problem for weather prediction is the climate 
information that reaches End users which information 
usually ill-matched to their demands and easily leads to 
misunderstanding of the uncertainties associated with it. 
This process is done by scientists, using recent weather 

advance processing theory. (3) finally; communicate 
the result of simulation to End users and decision 
makers; through smart phone application used cloud 
and android computing. 

III. EFFICIENCY OF ICT SENSORS FOR DATA 
COLLECTION 
3.1 Tools penetration in Africa 
 

Advances in information and communication 
technology (ICT) over the past 20 years have enabled 
individuals to gather, analyze, and share data more 
effectively, as well as to visualize and understand, as 
never before, what this information means for 
sustainable development. With efficient weather 
collection network: farmers can make better planting 
decisions based on more accurate weather predictions 
and better prepare themselves to adapt the changing 
conditions. The decision makers can use more accurate 
information on local weather patterns. Another 
advantage is that because these data can be processed 
in real time by data collection platforms, the parties 
collecting the data can access them almost 
immediately. 

The development of computer programming has 
allowed the creation of plethora new services 
applications and innovation that are integrated in 
mobile smart sensor. In developing countries the 
inventions in technology in agriculture domain are not 
getting to the farmers; because of either most of them 
are illiterates or due to unawareness of the location 
from where they can have information. Mobile 
applications in the arena of agriculture can be the best 
option to increase countries agriculture production 
[15,16]. Several mobile applications have been 
developed based on ICT to improve several fields: 
livestock management [17], agroMobile [18], 
Krishiville [19] etc.. Today farmers can received 
diverse facts or information about faming like seeds, 
crop selection, crop processing weather, fertilizer, 
pesticides etc. from various resources which are 
distributed on many different locations according to 
origin. Recently, African countries are experiencing 
major growth in the deployment to ICTs, and Mali is 
no exception. According ITU 2011 estimation 53 per 
cent of Africa’s population had a mobile-cellular 
telephone subscription [14]. The rate of mobile smart 
phone penetration in Sahel countries and particularly in 
Mali is more than 60% . Statistically 21 Million of 
mobile subscribers are been registered at the end of 
07/2017; e. i. at least one phone [20, 21]. 

In general, Climate data collection is traditionally 
attributed to national meteorological agencies; in Sahel 
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countries, this service is characterized by the scarcity 
and the lack of professional data collectors tools and 
experts on data processing; which is characterized by 
the lack of professional collectors and the quality of 
collected data resolution. to improve the quality of 
collected data, ground data provided by meteorological 
agency must be combined with End users data (Mobile 
smart phone), telecommunication operators data and 
satellite data. The collection process must include all 
human groups which activities depending on climate; 
Fig 1.1 represented the main groups which must be 
associated. 
 
 
 
 
 

 
 

Fig 1.1 associate structure for efficient climate 
change modeling 

Fig (1.1) represent the main socio-economical 
group which collaboration is necessary for efficient 
weather data, modeling and predicting. The concept of 
Collaborative Conceptual Modelling (CCM) is used 
between all stakeholders. this concept has been 
developed by Newell and Prousta [22]. The aim of a 
CCM exercise is to articulate, mesh and extend the 
mental models of the groups; which blends (a) a wide 
range of disciplinary research, (b) in-depth real- world 
experience, and (c) a broad view of the interplay 
between the parts of the overall system- of-interest. 

 
3.2 Proposed weather data collection structure 
 

Most methods of adaptation involve some form of 
technology, which in the broadest sense includes not 
just material and equipment but also diverse forms 
of knowledge. Promoting the development and 
diffusion of technologies with traditional knowledge 
as well as modern technologies for adaptation are 
important activities for improving and enabling 
adaptation to climate change to enhance the 
resilience of livelihoods and economies [21, 23] 

Recent development of computer science and 
internet access development based on ICT support 
allowed communication and information to be 
provider everywhere, even in small farming. 
The unprecedented adoption and convergence of 
mobility, cloud virtualization, computer science and 
security technologies is rendering smart phones 
becoming powerful tools of development. 
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Weather forecasting is deal with science and 
technology to predict the state of the atmosphere 
for given time and for a given location. Human 
beings have attempted to predict the weather 
informally using their experiences. By combining 
grown data, satellite data and smart sensors data, 
we can make a better prediction. For efficient data 
collection network sensors fig 1.2 is proposed. 

 

 
Fig 1.2 Structure of Data collection 
Figure 1.2 represented the structure of our data, 
the main tools which are used are: traditional 
metrological agency, satellite, telecommunication 
operators through BTS (Base Transceiver station) 
and mobile smartphone through Google platform 
weather service. The combination of these tools 
allowed getting efficient resolution data. The data 
will be send on Google cloud platform IoT 
service. The Google cloud provides 
unprecedented scalability and resources for the 
collection and analysis of large-scale sensor data. 
[24]. 

 
IV. CLOUD ANDROID COMPUTING 
4.1. Brief introduction of Cloud Structure 

Cloud computing is based on three services 
(layers) concepts which are [for more information 
see reference [25]: 
- (1) Software as a Service (SaaS): implemented 

to provide application and process-oriented 
services to users. It’s provides domain-specific 
service to registered users for using applications 
into cloud as a service over the Internet. 

- (2) Platform as a Service (PaaS): provides all 
kinds of required software development life cycle 
model as design, development debugging, testing, 
and deployment tools. 
- (3) Infrastructure as a Service (IaaS): the key 
characteristics of an IaaS cloud are scalability and 
elasticity, enabling computing resources to level 
up and down. This layer is also divided in three 
sub-layers: (i) Computing as a service (CaaS): it 

offers clients raw power for computing on virtual 
cloud services or virtual machine instances. CaaS 
gives users self-service interface for on- demand 
dynamic provisioning and management of virtual 
machine instances. (ii) Storage as a services. 
provides online demand storage service from 
cloud service to end users. In this project data will 
be store on government environment agency, 
research institutes , telecommunication operators 
or NGO working on environment area. (iii) 
Database as a service (DaaS): it is a sub- service 
model of IaaS, which standardizes processes for 
controlling, manipulating, and accessing (i.e., 
read, update, write, and deleted), Data in database 
are accessed by the cloud in the cloud storage and 
provided as DaaS to ends users and Scientist by a 
simple querying. 

 
4.2 Advantage of using cloud computing 

Cloud computing is a computing paradigm, 
where a large pool of systems are connected in 
private or public networks, to provide 
dynamically scalable infrastructure for 
application, data and file storage. It is defined as 
applications that are delivered as internet 



 
 
 

Symposium malien sur les sciences appliquées (MSAS) 2018 

403 
 

services: where the hardware and system software 
in the data centers are used to provide these 
services. This solution is useful for synchronizing 
information between several devices of different 
types, for example between the computer and the 
smart phone in addition, the data protection is 
more reliable compared to the ordinary computer. 
Three kind of data sharing concepts exist in cloud 
computing: Public, Private and Hybrid; we will 
selected an hybrid cloud sharing data mode, 
which combine public and private cloud 
properties. So, the simulate data result will be 
classified in two kind no-common data (data 
which has not bee process to eliminate the bias 
error or transformed as graphic) and common 
data (data which can be shared). 
One of the most compelling assets of public cloud 
starage services is their ability to easily archive 
large volumes of data, without having to worry 
about the underlying management of the 
underlying structure. 
Climate services need to meet users needs, 
capabilities and thus collaboration with potential 
users from an early stage of the service design 
process is necessary to provide products and 
services that are likely to be used, which h can be 
provided by cloud computing. 

 
V. PROPOSED APPLICATION 
 

5.1 Propose service diagram flow 
We enhance existing application that retrieved a 
device’s location with GCM(Google Cloud 
Mobile) features [26] using IoT based on android 
computing. Cloud IoT Core is a fully managed 
service that allows you to easily and securely 
connect, manage, and ingest data. Cloud IoT 
Core, in combination with other services on 
Google Cloud IoT platform, provides a complete 
solution for collecting, processing, analyzing, and 
visualizing IoT data in real time to support 
improved operational efficiency [Andrew L]. Use 
IoT data stream for advanced analytics, 
visualizations, machine learning and more to help 
you improve operational efficiency, anticipate 
problems, and build rich models that better 
describe and optimize your application. 
An other advantage of Cloud IoT Core supports 
the standard MQTT (Message Queuing telemetry 
Transport) and HTTP (Hyper Text Transfer 
Protocol) protocols, so you can use your devices 
with minimal firmware changes. Google Cloud 
IoT Core runs on Google’s serverless 
infrastructure, which scales automatically in 
response to real-time changes and adheres to 
stringent industry- standard security protocols 
that secure the receive and send data from cloud 
server or data collectors tools. 

 

5.2 Service presentation 
The aim of this project is to warning end users 

(agro-pastoral) by sending them weather 
information at the same time received them 
through their android weather data like: 
temperature, position, humidity, etc in order to 
improve resolution for better prediction. User can 
sign in their username and password. Considering 
the Ends users capacity limitation; we faced 
different design choices, integration challenges in 
realizing a decentralized, scalable, and 
easy-to-use solution. The purpose of our research 
was thus to overcome the limitations in the 
existing weather warning system by investigating 
a solution that will be decentralized, scalable, and 
easy- to use as well as provide real-time 
notifications while minimizing the uncertainty 
planning End users activities. Our solution is 
supported by mobile Android. The proposed 
service allowed End users to receive the past 
information of the weather as a graphic or 
number; and at the same time the daily weather 
information. For example, taking the decade of 
August 2018 we will send to the End subscriber 
application from Google Cloud platform, a 
graphic representing the rainfall or the number of 
precipitations during the past 30 years, and the 
estimated probability that to rain in the first 
decade of August. At the same time the proposed 
application will collect the weather information 
from the End user mobile phone and send them to 
the cloud server. This approach will help them to 
take appropriate decision to start their activities. 

VI. CONCLUSION 
 The work presented in this paper is 
motivated by the limitations we observed 
with an existing severe weather warning 
system in Mali. In literatures, different 
applications are developed and used by 
farmers for their specific purpose in other 
countries. All these applications have 
different usage as per its functionalities, 
regarding the users activities. But many of 
them are static. The  use case for this 
research was the bi-relation (real-time 
communication) between data collection and 
receiving from remote collect sensors, to 
remote cloud servers. In case user loss the 
mobile they can retrieve all the data through 
web. The main advantage of our propose 
service is dynamic. The server can distribute 
messages scalable to relevant android devices 
that are in the potential path of the weather 
incident. Also, the proposed application 
functionalities are bundle into the one single 
application and in the native language of the 
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farmer, and then it is easy to utilize it. 
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