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Executive Summary
Climate change and weather variability are disproportionately affecting developing and
impoverished areas like Karamoja, Uganda. The Karamojong are dependent on ecosystem
services to drive the traditional livelihoods of agriculture and pastoralism, but increased
climate variability is putting pressure on these culturally important lifestyles1. Previous
interventions have focused on implementing shifts away from traditional livelihoods.
However, these efforts have been limited in success due to a number of factors and met with
heavy local resistance2.
Uganda Geographical Inquiry Services’ (uGIS) mission is to improve adaptive management for
both pastoralists and the organizations working to serve them. Our system utilizes geographic
information system (GIS) technologies to streamline decision making for non-government
organizations (NGOs) and promote efficient and sustainable dry season herding practices for
pastoralists. After product development, we will work alongside a selected community and
provide location information to guide pastoralists to convenient and quality pasture.

Pastoralism is Insecure due to Climate Variability
Problem Statement

PASTORALISTS HAVE AN INCREASINGLY DIFFICULT TIME FINDING SUFFICIENT GRAZABLE LANDS
DUE TO THE REGION’S VULNERABILITY TO CLIMATE SHIFTS.

Karamoja, a semi-arid region in northeast Uganda, is
experiencing disproportionate and negative effects of human
induced climate change. The semi-arid region has seen an
average temperature increase of 1.3®C, a 15-20% reduction of
annual rainfall, and a longer dry season since 19601. Variable
weather patterns, along with other factors, have decreased the
security of pastoralism: the predominant and fundamental
livelihood. Pastoralism is a method of raising livestock that
relies on seasonal nomadic grazing to sustain large herds.
Karamoja is one of the poorest regions of Uganda and faces
specific challenges due to the embedded cultural importance of
the pastoralist lifestyle. Livestock animals, primarily cattle, have
significant impact in community and family life, as they serve as
symbols of power, status, and financial stability 3. NGO
interventions aiming to incorporate new livelihoods have been
limited in success and consequentially met with heavy
resistance from communities. Additional factors hindering
livelihood changes include significant lack of infrastructure
investment and impaired crop cultivation resulting from poor
growing conditions.

It is clear that the Karamojong value pastoralism too much to
transition away from it. Communities continue to herd
livestock across the land in search of sufficient pasture. Climate

change is forcing communities to herd their livestock further
from home during the dry season in search of suitable land.
Currently, children are sent on runs towards traditional grazing
areas to scout for sufficient pasture4. As pasture availability
becomes less predictable, new methods of land surveying need
to be developed. This will ensure that pastoralists can maintain
their livelihoods in a more volatile environment.

Agricultural and natural resource management systems in
developed countries have been utilizing GIS data to help drive
decision making for decades5. Consumers of GIS data view the
upfront costs of access as a high-value investment. Utilization
of data enables farmers and conservationists to increase
productivity, drive growth, and combat risk and uncertainty.
However, these systems in marginalized communities are
inadequate or inexistent due to a lack of interpretable data and
high cost. Communities that struggle to get consistent
production in the agricultural sector are in the best position to
benefit from geospatial tools6. An innovative system is needed
to support agro-pastoral practices in times of adaptation to
changing climates and livelihoods. Organizations are primed to
use more comprehensive information to guide intervention
strategies in these regions.

Karamoja lies along the upper North
Eastern border of Kenya and Uganda. It is
characterized by significantly less
vegetation growth than the rest of Uganda
MODIS 2014 NPP Product, MOD17 – Zhoa et al. (2005).

Proposed Solution
uGIS will analyze available water, soil, and vegetation data to
overlay with updated satellite images to create comprehensive
and useful datasets. Our analysis will allow us to track and
predict shifting vegetation patterns of traditional grazing areas,
and provide suggestions based on user proximity, abundance
and greenness estimates.
Our data will help pastoralist communities locate and use
available grazing lands quicker and more efficiently during the
dry season. uGIS will then collect user data to analyze outcomes
of our service and changing movement patterns. This data will

then be overlaid into a new dataset system that provides NGOs
with a visual tool to help tailor their interventions. These
datasets will be converted into highly accessible and informed
figures useful to NGOs trying to provide aid and relief to the
Karamojong.
Public agencies and research universities have been utilizing GIS
data to guide policy in areas like environmental protection and
urban planning. Utilization of geospatial data, however, is also
publicly available for individuals to use.

Social Value Proposition
uGIS allows for continued practice of traditional lifestyles.
Pastoralist integrity will be preserved as uGIS offers a
technological solution chosen to honor and respect Karamojong
culture. uGIS will function to alleviate uncertainty in the lives of
pastoralists, while conforming to their daily lives. Given
preliminary market research, uGIS believes that this a product
worth investment. Pastoralists have demonstrated a clear desire
for GIS technology during preliminary interviews, however there
is some confusion regarding how this information will be
accessed and distributed7. Pastoralists will require more
information going forward regarding the nature of uGIS data
sets and how they will be made accessible. Pilot development
and testing will allow for more research on the specific needs of
pastoralists with regard to GIS. It will be important to assess how
often and during what seasons pastoralists need GIS
information, and how their needs will evolve. Although there is
an unwillingness to move to new revenue sources beyond
pastoralism, there is a demand for more technological resources
to refine nomadic practices.

Alternative Solutions
The next best alternative would be to simply continue grazing
practices as they currently exist. Pastoralists have a deep
understanding of nomadic grazing, even if locating pasture
expends a great deal of time and effort and risks confrontation
from other tribes. The communities in Karamoja have shown
great resilience in the face of shifting climates and a deep
commitment to traditional lifestyles. Our intervention would go
further to mitigate the risks and impacts of climate change
variability as they progress, ensuring economic security.

Additionally, the strong prevalence of cell phones in the region
and success of programs such as the Ignitia weather forecasting
service and a drought early warning system suggests SMS texting
is an effective means of communication and information
dispersal8. Moving forward, uGIS anticipates creating adaptive
and custom solutions for underserved markets expanding in the
region. The implementation of uGIS will alleviate pastoralist
concerns regarding uncertain grazing territory, while ensuring
environmental protections through data collection and analysis.
To ensure that pastoralists are not all directed to the same patch
of land, Thiessen polygons and computer analysis will assess the
most effective locations for each herd while distributing
resources evenly. This will prevent overgrazing and land erosion,
maintain equality and prevent disagreements over land use
rights. We have strong reason to believe the demand for these
services exists. Stakeholders interviewed in Moroto were “very
interested in using geospatial services” for resource allocation.
They included members of the community, the town clerk of
Moroto, the Chief Administrative Officer of Kotido to the UN and
the Ugandan Red Cross9.

Product Description
uGIS will collect free and public satellite-based image data from
three different sources: the Moderate Resolution Imaging
Spectroradiometer (MODIS) instruments operated by NASA;
Landsat satellites operated by the USGS; and Sentinel-2
operated by the European Space Agency. The data provides
spatial resolutions of 250 m2, 30 m2, and 10 m2, respectively.
Images will initially be analyzed for normalized difference
vegetation index (NDVI) and then used to determine vegetative
hotspots. NDVI relates to photosynthetic activity of living plants,
as a higher NDVI value indicates a greener land cover10,11,12. uGIS
will then cross-reference values to other datasets on land usage

to remove suggestions that would encourage grazing on private
lands, game reserves, across international borders, or in
traditional rival territories. Remaining hotspots would then be
forwarded to the user via an SMS message containing grid
coordinates. It is possible that utilizing a map and grid structure
is not implementable due to issues with production and
distribution, or with teaching users how to interpret the map. An
alternative solution would be to establish points of reference in
or near an enrolled community. These reference points would
then be the origin in which distance and direction of resources
are provided.

Information via SMS



Incentives



GIS data analysis



Pastoralists read and integrate
information



Pastoralists interact with yes/no
questions to assess accuracy

OUTCOMES



IMPACTS

OUTPUTS

INPUTS

Theory of Change



Healthier, better fed livestock herds



Increased livelihood security and
resilience to changing climate



Increased resilience to climate change
impacts on livelihood



Improved human health due to
improved livestock health

Validating Assumptions
During pilot testing, uGIS will provide knowledge about land resources in addition to information on sustainable grazing practices.
This information will be based on real-time updates and satellite information reflecting changing landscapes.
Dr. Robertson’s direct communication supports that communities desire access to GIS resources in a timely manner 7. Although
electricity is not widely accessible, phone usage has become increasingly common 13. In Uganda, approximately 65% of citizens own
some form of cell phone14. Pilot testing will address if this figure is accurate throughout Karamoja. Implementation of GIS solutions
for pastoralists in Karamoja is not without its’ challenges. Some of these problems include land rights and access. Towns typically
have “communal lands” that lack definite borders and ownership. Pilot testing will assess how these factors will impact
our approach.

ASSUMPTIONS


Pastoralists want more information on herding navigation





uGIS will be more efficient and accurate than traditional
land scouting

Pastoralist cell devices will enable location services for
data acquisition



Satellite information can effectively predict foliage
availability

Tracking of pastoralist movements will enable better
product delivery



NGOs will value information on changing pastoralist
movements.



RISKS


Pastoralists may not want outsiders imposing new
practices onto traditional lifestyles



Mitigation Strategy: Work with and adapt to pastoralist
communities to find solutions on their terms



Potential conflicts with neighboring tribes.



Mitigation Strategy: Use evolving land tracking and data
analysis to prevent additional conflict

Business Model
Projections: uGIS is in a unique position to financially sustain our
operations soon after the completion of our pilot phase. We will
be in contact with NGOs throughout the pilot so we can share
our progress and market our services to them. We will also be
able to identify their individual needs, and create datasets that
reflect those services. When our product is ready for launch, we
will provide visually interpretable datasets through a pay-peruse service. This method will enable us to reach out to
organizations and serve as external consultants. We expect to
operate on a deficit and be sustained by acquired grant funds for

the first twelve to twenty-four months. This phase consists of
product development and pilot launch. After pilot completion,
we project revenue streams to equal costs of operation for the
next twenty-four to thirty-six months. This break-even phase will
consist of continued marketing, product updates, increasing the
size of our database, and re-investment of funds for technology
upgrades and staff expansion. We are expecting revenue
streams to surpass operating costs at a time-point of three to
four years post pilot launch.

Business Model Cont.
Stage 1 Product and Skills Development: During this stage, we
will focus on uGIS developing the technological capacity and
personnel needed to launch a pilot program in Uganda. This
stage will take place predominantly in Minnesota, where we will
develop a protocol for consistent and efficient data analysis. To
assess accuracy, we will compare this information to soil and
vegetative data already recorded by the State of Minnesota,
which is free and accessible to the public. Additionally, the
software to analyze satellite data is free of charge, keeping costs
in this phase extremely limited. We anticipate little to no
overhead costs as we assess proof of principle for our protocols.
Stage 2 Pilot Phase: During this stage, we will use the ACARA
challenge award to fund international travel to Karamoja. A
team member will conduct on the ground interviews assessing
current GIS usage, adaptability and effectiveness of the uGIS
model. We will conduct surveys to assess pastoralist satisfaction
with traditional measures compared to informed measures. This
data will be collected and quantified to assess further
development and modifications. While our team member is in
Uganda, they will also conduct tests into tracking and
monitoring the movements of herds. The ability to track these
herds will give insight that may prove valuable to NGOs and uGIS
as we continue to update and improve our software.

Stage 3: Expansion and Self Sufficiency Phase: During the third
stage, we will continue to improve pastoralist GIS services in
Uganda, We will begin expansion to new communities to assess
regions of neglected markets that uGIS can fulfill. As climate
change continues to modify and threaten ecosystems globally,
uGIS will serve small communities in an attempt to mitigate and
understand changing environments. In exchange for services to
these communities, we believe uGIS can gather enough
information from its consumers to be of value to NGOs. For
example, pastoralist herd locations will be overlaid with zoonotic
outbreaks to provide to ILRI (an infectious disease and modelling
organization). We believe that this business model is sustainable
as NGOs will be the primary funding source, while local
communities are the focus of interventions.
Post self sufficiency, primary costs incurred by uGIS will be overhead, labor, equipment, and quality control/maintenance. We
estimate that post pilot testing, we will need a designated office
space with all necessary equipment and software. Additionally
we will incur labor costs for analysts, consultants, and
employees at uGIS. We will incur travel costs for international
travel and international contacts. We will have costs regarding
maintenance and quality control as uGIS continues to compile
datasets and conduct research.

Market Analysis
This market is relatively untouched because of the attitude
prevalent among the rest of Uganda towards Karamoja.
Although there are GIS companies in Uganda, they are focused
on customers that can afford high quality maps and datasets in
urban areas. Our business model focuses on marketing low cost
GIS data to pastoralists, who normally could not afford it. To
maintain a steady revenue, this service will be subsidized by
NGO access to larger datasets with high demand. Karamojong
are viewed as very traditional, but are misunderstood as
uneducated because they engage in cattle raids and idealize
cattle as the recognition of masculinity15.

collection from mobile devices, but are very broad in who they
are targeting as a customer, and are not specialized with
environmental sustainability, or tracking animal and human
health16.These companies all focus on providing GIS information
exclusively to private organizations. Although our model focuses
on the same technological premise, it differs in its focus on
neglected regions. Other companies cannot provide GIS to
communities like Karamoja because the available capital is too
low to sustain a business, as well as the stigma surrounding the
Karamojong. uGIS will provide this missing service to these
communities. Proof that this business model is economically
stable will be analyzed during the pilot phase. Instead of being a
Some examples of GIS companies centered in Uganda include
GIS business that only provides data to those who can directly
GeoGecko, Geographic Information Solutions, and Earth Consult
afford it, we will be successful by entering new markets and
Uganda Limited. Another competitor would be GI-Prime Consult,
absorbing risk by ensuring outside revenue streams.
which also is attempting to assist NGOs and leverage data

Pilot Program Development
The pilot plan will be executed post development and
generation of a standard protocol. The pilot phase will be
dependent on grants and other sources of capital investment.
Existing infrastructure and resources will be provided by
partners at the University of Minnesota, such as the Global
Landscapes Initiative (GLI).17 Pilot implementation in Karamoja is
to validate assumptions and assess effectiveness of our product
to provide rationale for expansion. During our pilot, a member of
our group will travel to Uganda to act as an on-the-ground
liaison. Vegetative hotspots will be recorded and analyzed in
Minnesota by remaining group members, interpreted into GPS
coordinates, and relayed to a liaison team member.

Purpose of ACARA Funds
The main purpose of ACARA funds is to travel on site, and
validate assumptions on a small scale to justify increasing the
number of participants. Necessary expenditures include travel,
GPS devices, and printing a large base map to be marked on
while on site with the help of local community members.
Collecting market research about phone usage is important,
while gathering location information from pastoralist movement
is vital to tracking communities, the resources they use and the
diseases they may come in contact with. See Appendix 1 for full
cost analysis.

They will reconcile differences in pastoralist phone location and
precise coordinates on GPS device. Then, they will travel with
pastoralists to these coordinates and compare uGIS-suggested
grazing hotspots to real conditions to assess program efficiency.
Initial product accuracy will be assessed during this time by
interviews with locals who will give feedback on the various
qualities of the grazing sites. Reliable and accurate location
recommendations, analyzing phone use and phone users, and
building relationships with NGOs will be instrumental to a
successful pilot. Following completion of our pilot, we will
analyze all data and address any problems moving forward,
including the likelihood of further commercialization.

Outside Funding
To assist in the goals of uGIS, Clarissa plans to submit a UROP
proposal, researching the change in vegetation (fall leaf
senescence) of MN, gaining GIS skills and begin
protocol development.

Sample MODIS Data used in West
Africa to assess vegetation coverage
for land analysis
Liu, Z., M. C. Wimberly, F. K Dwomoh. 2017. Vegetation dynamics in the Upper Guinean
Forest region of West Africa from 2001 to 2015. Remote Sensing. 9(1): 5. (Photo citation)

Timeline
We will analyze our collected data by organizing pieces of
information by location, current NGO programming, and
information specific to livestock and pastoralists. This would
include size of herd and the number of acres being used to
sustain a herd. In the field, a researcher will need a base map, a
GPS device, and a different uGIS member to process data. They
record and reconcile any errors of field location between the
pastoralist phone, researcher phone, and a GPS device. During
travel, it will be useful to discuss with pastoralists what
information is most useful, as it allows them to continue
herding livestock.

Conclusion
For successful implementation of the uGIS pilot program, we would like to formally request financial assistance from the ACARA
program in the amount of $5,000. Through further partnerships with GLI and IonE at the University of Minnesota we have the
tools to launch a realistic pilot program. Through these partnerships and future grant proposals, we will increase financial
support to fund product development and marketing. Additionally, we believe our business model favors highly expedited
returns due to lack of initial overhead costs. We will create long term financial sustainability through implementation of
low-cost services to neglected markets, and steady revenue from NGOs. This model also is highly favorable for expansion into
other untapped markets as we assess GIS solutions to adaptive land management strategies.
This is not a long term solution to climate variability in any region of the world, but it is a way to give pastoralists more time to
adapt to these shifts and gives them greater livelihood security. Above all, uGIS believes that access to information is a vital
resource that should be provided at an affordable price to all, regardless of location. Giving local communities the tools to make
informed choices will empower the Karamojong, while creating a sustainable business opportunity for uGIS.
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Appendices
Appendix 1: Cost Analysis
The large majority of initial costs will be attributed to development of an ArcGIS protocol 18 and international travel to Uganda.
Once the initial protocol is written and team members are trained, overhead maintenance costs will be low. A projected initial
development timeframe of two months for uGIS to develop an accurate and reliable model will require funding primarily for
software license agreements. After development, funding will be focused on international travel to Uganda to validate assumptions
and perform on the ground beta testing. Based on our initial research, we estimate that approximately $2,000.00 will be required
for international flights from Minneapolis to Uganda. Once in Uganda, we estimate that for two months of lodging, travel, food,
and other necessities will cost approximately $4,000.00, for a total estimated cost of $6,000. Specific cost analysis below. We
anticipate sending only one person to Uganda with a UMN faculty advisor to ensure safety and cultural acclimation.
Lodging

$1,800.00

Additional Expenses $200.00

Local Transport

$840.00

Translation

International Travel

$2,600.00

Networking Meetings

$300.00

Storage Box

$25.00

Cell Phone, Minutes, Data $482.00

$500.00

Total: $6,747.00

Appendix 2: Five Year Plan
uGIS envisions that within five years we will transition away from serving only pastoralists in Karamoja and towards a more realized
consulting service for NGOs in Sub-Saharan Africa. Initially, uGIS will partner with ACARA and other similar organizations to gain
start-up capital through the development and pilot phases. uGIS envisions self-sustainability shortly after completion of our pilot,
as we will generate revenue through NGO partnerships. Organizations that understand and need access to comprehensive, but
interpretable information will be in a position to benefit from our services. During the first phase of expansion we will establish
credibility and create connections with organizations throughout Karamoja. These relationships will position us to understand and
appreciate their efforts and needs, and serve them adequately. As we continue to expand we will address more ecological and land
resource management concerns in the region and partner with other outside NGOs who are in a position to develop innovative
solutions across Sub-Saharan Africa
We must not forget about the impact of telecommunications in developing and emerging markets. The Global System for Mobile
Communications projects that the predominant form of mobile broadband services in Africa will consist of 3G services by 2020,
with 4G LTE connectivity emerging in larger markets at the same time.19 With the availability of 3G, users will be able to access high
-speed internet connections at low cost, and utilize large datasets for analysis. We will be in a position to increase and improve the
individual user experience by developing accurate and interactive mobile applications. While we plan on keeping access to our
service at no cost to pastoralists, we may be able to generate additional revenue streams through advertisements in an app.
Currently, use of drones in Uganda for private use is not permitted, but it is an important area to consider for potential growth, as
drone-imaging technologies could greatly improve our services. Overall, uGIS is positioned to transition from a pilot into long-term
operations smoothly and effectively, and will be on the forefront of delivering advanced, reliable, and intuitive geospatial data to
our customers.

Appendices
Appendix 3: Potential Partnerships with uGIS
Partner Organization

Goal of Organization

GLI

"develops and applies tools needed to
characterize global land use"

How this partner will assist uGIS

Provide support for development of GIS
software specific to uGIS goals

IonE

"supporting breakthrough research across
disciplines"

Coordinate grant proposals

ILRI

"improve food security and reduce poverty in
developing countries”

Assess whether uGIS is having a significant
health impact on livestock

Appendix 4: Our Team
Clarissa is an Environmental Science, Policy and Management senior at CFANS with an interest in
developing her technical and design skills to implement proven and novel adaptations to address
ecological issues. Her anticipated graduation is in December 2018. Her career goal is to facilitate
interventions, between engineers and decision makers, that help guide social behaviors to address
climate variability and preserve ecosystem services with a passion for water resource management.

Dylan is a third-year undergraduate student majoring in Genetics, Cell
Biology and Development and minoring in Pharmacology in the College of Biological Sciences. He
currently works as a research associate at Recombinetics, a St. Paul based biotechnology firm utilizing
gene-editing platforms to expedite pre-clinical therapeutic development and improve animal health
and productivity. As a student interested in entrepreneurship and biotechnology, he hopes to utilize
the launch and growth of uGIS to develop the skills and knowledge required to deliver disruptive
technologies to the marketplace.

Katharine is a third-year undergraduate student in the College of Biological Sciences
studying Microbiology. Her research focuses on characterization of the mouse tumor response
over time and development of immunological memory. She has employment experience at the
Minnesota Department of Health during the summer of 2017 during the Minnesota Measles
Outbreak, where she provided support regarding development of PCR assays for diagnostic use.
She intends on pursuing a Masters of Public Health from the University of Minnesota School of
Public Health in the Fall of 2019 with a focus on emerging infectious disease. Her focus in uGIS
will be on the overlay of GIS mapping and infectious disease modelling.

References
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.

16.
17.
18.
19.

USAID. (2017). Climate Change Risk in Karamoja, Uganda: Climate Screening for Food Security. Climate Change Adaptation, Thought
Leadership and Assessments (ATLAS) Task Order No. AID-OAA-I-14-0001
Gray, Sandra, Sundal, Mary B. (2017). “Milk Has Gone”: Dietary Change and Human Adaptability in Karamoja, Uganda. American Anthropologist, December 2017, Vol.119(4), pp.662-683.
Stites, E., & Akabwai, D. (2010). 'We Are Now Reduced To Women': Impacts Of Forced Disarmament In Karamoja, Uganda. Nomadic
Peoples, 14(2), 24-43.
“Pastoralism in Karamoja: Assessment of Factors Affecting Pastoralist Lifestyles in Moroto, Amudat and Kaabong.” ReliefWeb, ACTED,
31 May 2016, reliefweb.int/report/uganda/pastoralism-karamoja-assessment-factors-affecting-pastoralist-lifestyles-moroto-amudat.
Dempsey, Caitlin. “History of GIS ~ GIS Lounge.” GIS Lounge, 14 May 2012, www.gislounge.com/history-of-gis/.
Egeru, A., Wasonga, O., Kyagulanyi, J., Majaliwa, G., MacOpiyo, M., & Mburu, L. (2014). Spatio-temporal dynamics of forage and land
cover changes in Karamoja sub-region, Uganda. Pastoralism, 4(1), 1-21.
On-site interviews in Uganda by Dr. Cheryl Robertson, Associate Professor, School of Nursing - University of Minnesota
Ignitia Tropical Weather Forecasting. www.ignitia.se/
Zevanove, Taylor. “Putting NGOs on the Map in Uganda – AidData – Medium.” Medium, USAID Higher Education Solutions Network
(HESN), 2 Sept. 2016, medium.com/@aiddata/putting-ngos-on-the-map-in-uganda-1b807d46db95.
United States, Congress, Forrest Service, et al. “Monitoring Vegetation Greenness With Satellite Data.” Monitoring Vegetation Greenness With Satellite Data, US Department of Agriculture, May 1993. www.fs.fed.us/rm/pubs_int/int_gtr297.pdf.
Interview with Mike Wimberly, Senior Scientist in the Geospatial Sciences Center of Excellence and a professor of Natural Resource
Management at South Dakota State University
Interview with Niall Hanan, Professor of Dryland Ecology in the Plant and Environmental Sciences Department at New Mexico State
University
International Telecommunication Union (2007). Yearbook of statistics: Telecommunication services 1996–2005. Geneva: ITU.
Pew Research Center. 2015. Cell Phones in Africa: Communication Lifeline. Policy File.
Kabiza, Safaris Wilderness. “Visiting the Karamojong People in Karamoja-Northeastern Uganda.” Visiting the Karamojong People in
Karamoja-Northeastern Uganda, Kabiza Wilderness Safaris, 24 Jan. 2017, kabiza.com/kabiza-wilderness-safaris/visiting-thekaramojong-people-in-karamoja-northeastern-uganda/.
https://www.yellow.ug/company/40458/gi-prime-consult-u-ltd
Global Landscape Initiative. http://environment.umn.edu/discovery/gli/
“MODIS Normalized Difference Vegetation Index.” Global Land Cover Facility, University of Maryland, glcf.umd.edu/data/ndvi/.
“The Mobile Economy: Africa 2016.” The Mobile Economy - Africa 2016, GSMA, 2016, www.gsma.com/mobileeconomy/africa/.

