. eprints@whiterose.ac.uk
Whlte Rose https://eprints.whiterose.ac.uk

N
(@) Rresearch onii
N’ esearc niine Universities of Leeds, Sheffield and York

Deposited via The University of York.

White Rose Research Online URL for this paper:
https://eprints.whiterose.ac.uk/id/eprint/193256/

Version: Published Version

Article:

Marchant, Robert and Courtney-Mustaphi, Colin John (2022) Serengeti’s futures:
Exploring land use and land cover change scenarios to craft pathways for meeting
conservation and development goals. Frontiers in Conservation Science. 920143. ISSN:
2673-611X

https://doi.org/10.3389/fcosc.2022.920143

Reuse

This article is distributed under the terms of the Creative Commons Attribution (CC BY) licence. This licence
allows you to distribute, remix, tweak, and build upon the work, even commercially, as long as you credit the
authors for the original work. More information and the full terms of the licence here:
https://creativecommons.org/licenses/

Takedown

If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

ﬁ 32, | University of P UNIVERSITY

UNIVERSITY OF LEEDS %~ Sheffield NS W



mailto:eprints@whiterose.ac.uk
https://doi.org/10.3389/fcosc.2022.920143
https://eprints.whiterose.ac.uk/id/eprint/193256/
https://eprints.whiterose.ac.uk/

& frontiers | Frontiers in

‘ @ Check for updates

OPEN ACCESS

EDITED BY
Christos Mammides,
Frederick University, Cyprus

REVIEWED BY
Nadia S. Santini,

National Autonomous University of
Mexico, Mexico

Sridhara Nayak,

Japan Meteorological Corporation
Limited, Japan

*CORRESPONDENCE
Rebecca W. Kariuki
rebecca.kariuki@york.ac.uk

SPECIALTY SECTION
This article was submitted to
Human-Wildlife Interactions,

a section of the journal

Frontiers in Conservation Science

RECEIVED 14 April 2022
ACCEPTED 29 August 2022
PUBLISHED 23 September 2022

CITATION
Kariuki RW, Capitani C, Munishi LK,
Shoemaker A, Courtney Mustaphi CJ,
William N, Lane PJ and Marchant R
(2022) Serengeti's futures: Exploring
land use and land cover change
scenarios to craft pathways for
meeting conservation and
development goals.

Front. Conserv. Sci. 3:920143.

doi: 10.3389/fcosc.2022.920143

COPYRIGHT
© 2022 Kariuki, Capitani, Munishi,
Shoemaker, Courtney Mustaphi, William,
Lane and Marchant. This is an open-
access article distributed under the
terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other
forums is permitted, provided the
original author(s) and the copyright
owner(s) are credited and that the
original publication in this journal is
cited, in accordance with accepted
academic practice. No use,
distribution or reproduction is
permitted which does not comply with
these terms.

Frontiers in Conservation Science

TyPE Original Research
PUBLISHED 23 September 2022
D01 10.3389/fcosc.2022.920143

Serengeti’'s futures: Exploring
land use and land cover change
scenarios to craft pathways for
meeting conservation and
development goals

Rebecca W. Kariuki****, Claudia Capitani*, Linus K. Munishi,
Anna Shoemaker>®, Colin J. Courtney Mustaphi’,
Njonga William?®, Paul J. Lane®*° and Rob Marchant?

tSchool of Life Sciences and Bio-Engineering, Nelson Mandela - African Institution of Science and
Technology, Arusha, Tanzania, ?Department of Environment and Geography, York Institute for
Tropical Ecosystems, University of York, York, United Kingdom, *Rachel Carson Center for
Environment and Society, Ludwig Maximilian University of Munich, Munich, Germany, 4Joint
Research Centre, Ispra, Italy, *Professional Archaeological Consulting Services, Terra Archaeology,
Victoria, BC, Canada, °Department of Archaeology and Ancient History, Uppsala University,
Uppsala, Sweden, “Department of Environmental Sciences, Geoecology, University of Basel, Basel,
Switzerland, ®Department of Land and Natural Resources, Tarime District Council, Tarime-Mara,
Tanzania, °Department of Archaeology, University of Cambridge, Cambridge, United Kingdom,
0School of Geography, Archaeology and Environmental Science, University of the Witwatersrand,
Johannesburg, South Africa

Rapid land use transformations and increased climatic uncertainties challenge
potential sustainable development pathways for communities and wildlife in
regions with strong economic reliance on natural resources. In response to the
complex causes and consequences of land use change, participatory scenario
development approaches have emerged as key tools for analyzing drivers of
change to help chart the future of socio-ecological systems. We assess
stakeholder perspectives of land use and land cover change (LULCC) and
integrate co-produced scenarios of future land cover change with spatial
modeling to evaluate how future LULCC in the wider Serengeti ecosystem
might align or diverge with the United Nations’ Sustainable Development Goals
and the African Union’'s Agenda 2063. Across the wider Serengeti ecosystem,
population growth, infrastructural development, agricultural economy, and
political will in support of climate change management strategies were
perceived to be the key drivers of future LULCC. Under eight scenarios,
declines in forest area as a proportion of total land area ranged from 0.1% to
4% in 2030 and from 0.1% to 6% in 2063, with the preservation of forest cover
linked to the level of protection provided. Futures with well-demarcated
protected areas, sound land use plans, and stable governance were highly
desired. In contrast, futures with severe climate change impacts and
encroached and degazetted protected areas were considered undesirable.
Insights gained from our study are important for guiding pathways toward
achieving sustainability goals while recognizing societies’ relationship with
nature. The results highlight the usefulness of multi-stakeholder
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engagement, perspective sharing, and consensus building toward shared
socio-ecological goals.

KEYWORDS

agenda-2063, climate variability, knowledge co-production, savannas, social-
ecological interactions, SDGs

Introduction

Land use and land cover change (LULCC) processes and
trends reflect the influence of biophysical, socio-economic, and
governance factors in driving environmental change at local,
regional, and national scales. Economic globalization and
infrastructure development have led to deforestation,
agricultural expansion, urbanization, and increased habitat
fragmentation (Forman and Alexander, 1998; Lambin and
Meyfroidt, 2011). The environmental and climatic impacts of
LULCC involve the alteration of local and regional climates
through greenhouse gas emissions (Ramankutty et al, 2008;
Portner et al, 2021), the fragmentation of wildlife habitats,
environmental degradation, and reductions in the ability of
species to move to habitats with favorable climates when shifts
in ranges occur due to climate change (Aukema et al, 2017).
LULCC laws, norms, and policies are also important and can
mitigate the impacts of land cover change and provide a sense of
control and ownership to communities, thereby enhancing
synergies between economic development and environmental
sustainability (Tesfaw et al., 2018). The history of human land
use, which includes hunting, burning, and cultivation among
others, can account for changes in biodiversity, climate, and
ecosystem processes (Ellis et al., 2013).

The interaction between land use, climate, and socio-economic
changes influences the resilience and the inherent sustainability of
social-ecological systems. Whereas agricultural and infrastructural
development are necessary to meet the food, transport, and market
demands of rapidly growing populations, climate change
exacerbates negative environmental impacts brought by LULCC.
Consequently, solutions to sustainable land uses ultimately involve
trade-offs between food production, development, and
environmental sustainability (Ramankutty et al, 2008). Africa
holds 60% of global uncultivated arable land (AfDB and WWE,
2015), which is rapidly being converted to agriculture, either
through large-scale enterprise or smallholder expansion (Estes
et al, 20125 Aukema et al, 2017), to meet food production
requirements for growing populations and markets (van
Soesbergen et al., 2017). Given the pivotal role of land, there is
an urgent need for understanding LULCC drivers and the
consequences of change for the sustainability of African
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landscapes and societies. This need is particularly important for
conservation as the Convention on Biological Diversity and
Intergovernmental Science-Policy on Biodiversity and Ecosystem
Services decisions depend on framing some of the challenges to
sustain space for wildlife, people, and development. An estimated
6%-11% of biodiversity in Africa is further projected to be pushed
out of current dispersal ranges in protected areas by the mid-21st
century due to climate change (Tabor et al., 2018), underscoring
the necessity for assessing future LULCC and probable trade-offs
between agricultural production and conservation in densely
populated and biodiversity rich landscapes, such as those in
northern Tanzania (Courtney Mustaphi et al., 2019).

Protected areas in East Africa cover 28% of the total land
surface with nearly 50% of Tanzania’s land being under some
form of protected area designation (UNEP-WCMC and IUCN,
2018). However, some protected areas are small in relation to
wildlife dispersal ranges (Sinclair et al., 2015), and others lack the
landscape heterogeneity required to accommodate wildlife
dispersal when climate-induced habitat changes occur (Tabor
et al,, 2018), implying that buffer zones should be protected and
the corridors between protected areas made habitable
(Shackelford et al., 2015).

Protected areas in East Africa also influence land use options
for adjacent communities whose livelihoods depend on natural
resources (Estes et al., 2012; Kariuki et al., 2018) and need to be
managed sustainably to protect biodiversity and support rural
livelihoods. However, “hard boundaries” established between
boundaries of protected areas and community land by rapidly
growing human populations and agricultural and urban
expansion fragment wildlife habitats and cause the
overutilization of resources (Reid, 2012; Veldhius et al., 2019),
which, in turn, erodes the value of protected areas. With limited
understanding of sustainable approaches to managing
rangelands for biodiversity and rural livelihoods (McGranahan
and Kirkman, 2013), and the fact that protected areas discourage
agricultural production and natural resource extraction, there
are concerns about the potential of protected areas to alleviate
poverty and support development among adjacent communities
(Ferraro et al,, 2011). Recognizing the linkages between
conservation, climate, and land use is vital for guiding policies
and planning for multifunctional social-ecological systems
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(Portner et al,, 2021), to create new and diversified approaches to
conserved areas (Obura et al., 2021), especially under anticipated
climatic and socio-economic changes.

Determining future LULCC is complex and uncertain and
often utilizes perspectives from diverse stakeholders to identify
the drivers and consequences of alternate LULCC scenarios.
Involving diverse stakeholders in scenario development
incorporates multiple perspectives grounded in local
knowledge, promotes social learning, and improves the quality
and relevance of the scenarios (Saito et al., 2019). Scenarios are
coupled with models to translate the consequences of projected
social-ecological change for people and environments (Aguiar
etal., 2019) and to explore appropriate policies and management
interventions for meeting the sustainability targets of global
development agendas (Saito et al., 2019). Together, scenarios
and models connect local and expert knowledge with data in a
framework that is logical, consistent, and reproducible
(Nicholson et al., 2019). In East Africa, LULCC scenarios and
models have assessed the impacts of future LULCC on natural
capital (Capitani et al, 2019), agricultural development and
biodiversity (van Soesbergen et al., 2017), and there is a need
to connect the environmental impacts of future LULCC
scenarios with sustainable development.

This paper has an objective of linking place-based visions for
the future with continental and international sustainability
agendas. The study uses insights from a diverse range of
stakeholders to develop future LULCC scenarios and models
for northwestern Tanzania around the wider Serengeti
ecosystem and assesses the implications of future LULCC on
the United Nations’ Sustainable Development Goals (SDGs) and
African Union’s (AU) Agenda 2063 sustainability targets.
Importantly, the study demonstrates how local to global
approaches can be used for developing new conservation
paradigms in a world that is altered by climatic and economic
factors, to evaluate what alternatives are expected, plausible, and
desired or undesired and to provide a stakeholder-driven
starting point (not ending point) for further negotiations and
discussion. These insights are applicable across the globe and
particularly in contexts where conservation and human
development goals need to coexist rather than being in
conflict. Specific objectives of this paper are as follows: to 1)
assess the factors and events that drove historical land use
change over the past 100 years and identify possible drivers of
future LULCC; 2) co-produce scenarios of future LULCC for
2030 and 2063; 3) integrate co-produced scenario narratives
with spatial modeling to determine spatial trends and the
possible extents of land cover change for 2030 and 2063; 4)
assess the implications for co-produced scenarios of future
LULCC in meeting SDG 13 (climate action), SDG 15 (life on
land), and SDG 2 (zero hunger) targets, and AU Agenda 2063
goal 7 (environmentally sustainable and climate-resilient
economies and communities) and goal 6 (modern agriculture
for increased productivity; Figure 1) targets; and 5) identify
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desirable and undesirable future for communities in
northwestern Tanzania in 2030 and 2063.

Methods
Geographical and environmental scope

The Serengeti ecosystem comprises a series of protected
areas surrounded by community lands and can be divided into
1) northern and eastern and 2) southern and western Serengeti
(Figure 2). The northern and eastern Serengeti area covers
36,590 km? and includes the Ngorongoro, Serengeti, Tarime,
Rorya, Musoma, Musoma Urban, Bunda, and Butiama districts.
The southern and western Serengeti study area covers 33,138
km? and includes Meatu, Kishapu, Maswa, Kwimba, Magu,
Busega, and Itilima districts.

The protected areas that comprise the Serengeti ecosystem
have varying management structures and jurisdictions. The
14,763 km? Serengeti National Park (SNP) is managed by the
Tanzania National Parks Authority and only allows wildlife
tourism. The Ngorongoro Conservation Area (NCA) and the
Loliondo Game Controlled Area (LGCA) accommodate
multiple land uses including wildlife conservation, livestock
keeping, and human settlement. LGCA also permits
agriculture and wildlife hunting. West of SNP are the
Ikorongo, Grumeti, Maswa, and Maswa Kimali Game Reserves
(Figure 2), which are managed by the Tanzania Wildlife
Management Authority. The Ikona and Makao Wildlife
Management Areas (WMAs), located between the Game
Reserves, are run by the local community and used for
wildlife conservation, livestock keeping, agriculture, and
human settlement.

The climate of Serengeti is characterized by two rainy
seasons: the long rains (March to May) and the short rains
(November to December) and a rainfall gradient of 600 mm

! 'in the northwest

year  in the southeast to 1,000 mm year~
(Estes et al., 2012). The northern and western extents of SNP are
characterized by diverse woody and savanna plant species,
whereas the southern area has shallow volcanic soils and is
grassland dominated (Estes et al., 2012; Scoon, 2018), apart from
Maswa Game Reserve that is flatter and has alluvial soils and
dense Acacia woodland (Sinclair et al, 2015). The changing
distribution of vegetation resources between the rainfall seasons
drives the annual migration of Serengeti’s two million
wildebeest, zebras, and gazelles from the grasslands in
Serengeti to the savanna woodlands of the Mara ecosystem in
Kenya (Holdo et al., 2011). The eastern, northern, and southern
parts of the Serengeti are dry and largely occupied by
pastoralists, whereas the wetter western Serengeti is occupied
by smallholder farmers and agro-pastoralists (Sinclair et al,
2015). The Mara-Serengeti-Ngorongoro is a key conservation
landscape valued for wildlife, paleoanthropological,
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FIGURE 1

Link between the Sustainable Development Goals (SDG) targets, and indicators for 2030 (UN, 2015) and AU Agenda 2063 aspiration, goals,
priority areas and targets, and indicators (AUC, 2015) used in this study.
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FIGURE 2

The study covered the wider Serengeti ecosystem located in northwestern Tanzania (A). The study area was divided into 1) northern and
eastern Serengeti (shown by brown boundaries) and 2) southern and western Serengeti (shown by black boundaries) in images (B) and (C).
The Serengeti National Park cuts across the two study areas. GR represents Game Reserve.
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archeological, and geological attributes, attracting innovative
approaches to sustainable development and governance of
natural resources (Reid, 2012; Sinclair et al., 2015; Scoon,
2018; Bushozi, 2019).

Demographic records show that the population of the
Serengeti district has increased by 25% between 2002 and 2012
(Kisingo et al,, 2016). The most densely populated areas of the
Serengeti are around Lake Victoria, having an annual growth rate
of 3.1% between 1988 and 2002 (Estes et al., 2012). Population
growth has led to agricultural encroachment along protected area
boundaries, increased human-wildlife conflicts, and increased
livestock-wildlife disease transmission (Kisingo et al., 2016).

Temporal scope

The year 1927 was used as a historical baseline—a choice
that was made due to this being the approximate extent of
people’s lived memories in the community today. The future
time horizons are 2030 and 2063 to match the targeted dates for
the SDG Agenda 2030 and the AU Agenda 2063 (Figure 1). The
goals and targets of the SDG and AU agendas overlap in issues
related to poverty eradication, environmental sustainability,
climate action, and economic development. However, Agenda
2030 is focused on addressing climate change and inequalities in

10.3389/fcosc.2022.920143

education, healthcare, and infrastructure, whereas Agenda 2063
focuses on democracy and continental integration.

During the decades covered by this study, East Africa has
experienced warmer temperatures, declining rainfall, drier long
rainy seasons, wetter short rainy seasons, altered seasonality, and
frequent and severe droughts (Marchant et al., 2018; Haile et al,
2019). Documented records for the Serengeti ecosystem indicate
a decline in wet season rainfall for 40 years from 1960 and an
increase in dry season rainfall between 1931 and 2001 (Bartzke
et al., 2018). Future climate projections indicate a warmer and
wetter East Africa (IPCC, 2021) with early cessation of the long
rainy season, late onset and cessation of the short rainy season,
wetter short rainy season, and increased frequency, duration,
and intensity of droughts driven by high seasonal and
interannual variability of the climate system (Haile et al,
2019). In the near future, 2011-2040, Tanzania is projected to
have wetter short rainy seasons and a decline of up to 420 mm
over the long rainy season (Gebrechorkos et al., 2019). In the
mid-future, 2041-2070, precipitation during long rainy seasons
in Tanzania is projected to reduce further, by up to 500 mm
(Gebrechorkos et al, 2019) with the Serengeti ecosystem
projected to have wetter short rainy season and drier long
rainy season in 2055 compared with 1975 under
Representative Concentration Pathway (RCP) 4.5 and 8.5
(Platts et al., 2015; Figure 3).

Precipitation change (mm)

B 44.92- 42 N 329-30 B 209-18
41.9-39 . 299 -27 17915
38.9-36 B 269-24 B 16912
35.9-33 I 239-21 . 119-9

FIGURE 3

. 89-6
Il s59-3

29-0
-0.1--3

Predicted changes in mean precipitation during the short rainy season (A), long rainy season (B) and dry season (C) for the wider Serengeti
ecosystem. For each panel, there is a comparison of mean precipitation change from 1975 to (i) to 2055 under RCP4.5, (i) to 2085 following
RCP4.5, (iii) to 2055 following RCP8.5, and (iv) to 2085 following RCP8.5. All are multiple-model ensemble derived from AFRICLIM (Platts et al.,

2015; Miatt, 2022).
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Stakeholder selection and stakeholder
engagement workshops

To account for variation in LULCC perceptions across the
Serengeti ecosystem, we held two workshops and selected 24
stakeholders to represent northern and eastern Serengeti and 30
stakeholders to represent southern and western Serengeti. All
stakeholders (Supplementary Table 1) were selected by
researchers from the Adaptation and Resilience to Climate
Change (ARCC) project and were chosen to represent diverse
voices with varied expertise and lived experience in issues of land
use change, livestock grazing, agriculture, wildlife conservation,
protected area management, natural resource management,
infrastructure, and economic development. The selection also
accounted for the heterogeneous social agents and the high
ecological variability characteristic of resource-dependent
social-ecological systems (Gray et al., 2015). Stakeholders were
drawn from government bodies, non-governmental bodies,
community-based organizations, local communities
(comprising farmers, pastoralists, hunter-gatherers, and
businesses), and academic and research institutions
(Supplementary Table 1).

The northern and eastern Serengeti workshop was held in
Mugumu on 5-7 August 2019 and the southern and western
Serengeti workshop in Bariadi on 28-30 August 2019. Each
workshop took 3 days and had similar formats that involved
presentations, breakout discussion groups, plenary discussions,
and individual activities.

Historical information and co-production
of scenario narratives

Co-production of future LULCC scenarios followed the
Kesho framework (Capitani et al., 2016; Kariuki et al., 2021),
to incorporate stakeholders’ perspectives within spatial
modeling to produce qualitative, quantitative, and spatial
scenarios of future LULCC. The workshops started by
participants discussing and identifying a timeline, based on
living memories, of key events that shaped past LULCC in
Serengeti. In northern and eastern Serengeti, the base years
selected for the timeline were 1928-1930 when the Serengeti
ecosystem, including the Ngorongoro ecosystem, was declared a
game reserve. Participants at the southern and western Serengeti
workshop identified 1927, when a key trading center called
Maswa was transferred to its current location, as the base year
for their timeline. Activities then identified and ranked drivers of
historical and present LULCC.

On the second day, participants engaged in the Kesho
scenario development approach for envisioning future change,
discussed how past drivers of LULCC might be linked to future
LULCC drivers, identified key drivers of LULCC scenarios for
2030 and 2063, developed a 2 x 2 scenario matrix and scenario
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narratives (van't Klooster and van Asselt, 2006) for each scenario
at 2030 and in 2063, analyzed the plausibility and consistency of
the scenario narratives, and explored attributes of desirable and
undesirable future for the Serengeti ecosystem. Prior to
developing the scenario matrix and narratives, participants
and ARCC researchers discussed documented, observed, and
projected climatic variability for the Serengeti ecosystem. The
objective of the discussion was to provide a common
understanding of ongoing and projected climate change
trends. As the workshops were focused on developing LULCC
scenarios, participants only discussed the potential influence of
climate change in driving future LULCC patterns but not on the
suitability of land for different uses in the future.

The 2 x 2 scenario matrix identified plausible drivers of
future change, ranked the identified LULCC drivers from high to
low, and selected two drivers with the highest rank (van't
Klooster and van Asselt, 2006; Kariuki et al.,, 2021). Each
workshop’s participants perceived the impacts of several
drivers of future LULCC as significant. Consequently, several
2 x 2 matrices were produced by different break out groups.
These were presented in plenary discussion and the final 2 x 2
matrix agreed on that would be used to co-produce the LULCC
scenarios based on consensus among the participants. For
northern and eastern Serengeti, the two drivers identified by
participants to have the greatest influence on future LULCC
were 1) population growth and associated infrastructure
development and 2) political will in supporting climate change
adaptation and mitigation strategies. Two extreme and opposing
conditions that would characterize each axis were identified by
the participants. The extreme conditions for population growth
and infrastructure development were identified as “high” and
“low”, whereas that for political will in supporting climate
change adaptation and mitigation strategies were identified as
“strong” and ‘weak”. Combining the conditions characterizing
the two axes formed four scenarios: 1) high population growth
and infrastructure development and weak political will in
supporting climate change adaptation and mitigation
strategies; 2) high population growth and infrastructure
development and strong political will in supporting climate
change adaptation and mitigation strategies; 3) low population
growth and infrastructure development coupled with weak
political will in supporting climate change adaptation and
mitigation strategies; and 4) low population growth and
infrastructure development coupled with strong political will
in supporting climate change adaptation and mitigation
strategies. The participants named scenario 1 “Wasiwasi”
(“Uneasiness”), scenario 2 “Parks and People”, scenario 3 “The
Dying Giant”, and scenario 4 “Life is Good” (Supplementary
Figure 1). For southern and western Serengeti, participants
identified that the two most important drivers of future
LULCC would be 1) population growth described as either
“high” or “low” and 2) the environmental state of the
agricultural economy described as being “sustainable” or
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“unsustainable”. Participants defined a sustainable agricultural
economy as one that meets the food needs of societies, is
economically viable, integrates ecologically sound farming
methods (such as agroforestry and mixed cropping), and uses
climate smart strategies such as water harvesting. An
unsustainable agricultural economy was defined as one with
negative environmental impacts, food insecurity, basic climate
smart agricultural technology and policies, and an inability to
combat poverty and improve the livelihoods of farmers. The
descriptions of the four scenarios for southern and western
Serengeti represented by the 2 x 2 scenario matrix were 1)
high population growth and an unsustainable agricultural
economy, 2) high population growth and a sustainable
agricultural economy, 3) low population growth and an
unsustainable agricultural economy, and 4) low population
growth and a sustainable agricultural economy. The
participants named scenario 1 “Tutaponaje?” (“How will we
recover?”), scenario 2 “Hamasika” (“add diligence”), scenario 3
“Tujikomboe” (“Let us redeem ourselves”), and scenario 4
“Yajayo Yanatufurahisha” (“The future makes us happy”;
Supplementary Figure 1).

On the third day, participants identified the land cover change
that would occur under each scenario from 2019 to 2030 and 2030
to 2063. For each of these time periods, participants also identified
where they believed the land cover change would occur, what
would drive the land transformation, and the percent likelihood of
occurrence of each expected change by the years 2030 and 2063.
To establish the current extent of different land cover types in the
study area and to assign the percent likelihood of land cover
change in the future, participants were provided with the current
(2019) land cover map of the study area. Participants then
discussed the likelihood of land transformation in groups and
reached a consensus that considered a wide range of factors that
would potentially lead to each land cover transformation before
assigning a likelihood of change. To differentiate the influence of
high and low population growth and their associated impacts
across different scenarios, participants factored in the influence of
a high or low population growth through the score (percentage)
they assigned to the likelihood of future land cover change. For
instance, under high population growth scenarios, land cover
changes that were anticipated to increase in the future were
assigned a higher percent likelihood of change and those
anticipated to decrease given a lower score.

Data sets, scenario modeling, and
scenario outputs validation

Simulations of land cover change scenarios at 2030 and 2063
did not directly involve participants, rather the process
integrated insights from the scenario narratives generated in
the workshops ( Supplementary Text 1) and the percent
likelihood of anticipated land cover change by the participants,
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with secondary data sources. Quantitative outputs for the
scenarios were produced using ESRI ArcMap 10.6 and R Core
team (2019) software. Spatial data on elevation (Jarvis et al,
2008), crop suitability (URT, 2020), human population
(WorldPop, 2013), distance to roads (SEDAC, 2020), distance
to mines (Geological and Mineral Information System, 2020),
distance to protected area boundaries (UNEP-WCMC and
IUCN, 2018), distance to agricultural areas (Buchhorn et al,
2019), distance to built-up areas (Buchhorn et al., 2019), grazing
impact (Robinson et al., 2014), and land cover in 2019
(Buchhorn et al,, 2019) were clipped to the study area extent,
the vector layers converted to raster layers, and all layers
converted to a common spatial resolution of 0.00083333
decimal degrees (approximately 100 m). Human population
was projected to 2030 and 2063 using the average annual
population growth rate of 2.7% in Tanzania that is in line with
the regional population growth rates (Estes et al., 2012; Kisingo
et al,, 2016). The crop suitability layer comprised the climatic
and environmental attributes such as rainfall amount, length of
rainy season, temperature, soil types, and soil pH and accounted
for the environmental impacts on crop production.

The spatial layers had different units of measurements and
were standardized by reclassifying each raster into categories from
1 to 8, which depicted the range of likelihood of land cover change
from the lowest to the highest. The standardized layers were then
used to create composite indicator layers (Trogu and Campagna,
2018) for each type of land cover change under each scenario in
2030 and 2063. The composite indicator for each type of
anticipated land cover change under each scenario was
produced by a linear combination of the standardized specific
variables that are expected to drive that type of land cover change.
Constraining factors were accounted for by converting them into
mask (binary, 0 or 1) or weighted (continuous, 0-1) layers
(Capitani et al.,, 2016). Note that the composite indicator does
not directly reflect the key drivers of land cover change (nor the
main scenario axes) rather the biophysical and socio-economic
rules that can be identified as associated with the drivers and
expected changes. The composite indicators were developed using
standardized spatial layers of environmental and socio-economic
variables and not participant perspectives. Participant perspectives
informed what areas of the composite indicators would be
converted to a different land cover under various scenarios.

To approximate the possible spatial extent of land cover
change under each scenario in 2030 and 2063, the future
demands on land for specific uses were calculated on the basis
of projected estimates from secondary data sources
(Supplementary Text 2). Future agricultural and livestock
grazing land demands were estimated from the Food and
Agricultural Organization (FAO) agricultural and livestock
production land demand scenarios (FAO, 2018;
Supplementary Text 2). The FAO scenarios are factored in to
capture the growing influence of the agro-ecological growth;
these incorporate climate change to calculate potential future
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land demand for food and livestock production of the wider
agricultural sector. Specifically, FAO developed three scenarios:
1) the “Business as Usual” scenario associated with
Representative Concentration Pathway (RCP) 6.0 and an
increase of 3°C-4°C temperature by 2100, 2) the “Towards
Sustainability” scenario associated with RCP 4.5 and a
temperature increase of < 3°C by 2100, and 3) the “Stratified
societies” scenario associated with RCP 8.5 and an average
temperature increase of 4°C-5°C. Wood demand and wood
loss for different scenarios were calculated using annual per
capita household wood demands, annual per capita industrial
wood demands, annual per capita wood loss from LULCC,
annual per capita illegal felling for charcoal or lumber wood
demands, and annual population growth rates for the Serengeti
ecosystem (URT, 2012; MNRT, 2015; Supplementary Text 2).
An annual urbanization growth rate of 5.2% year_1 (MNRT,
2015) was used to estimate built-up area expansion.

The land demand estimates provided the figures for how
much change is going to happen in each scenario, but not on
which land cover classes are going to be converted to fulfill that
demand. Participants perspectives on the percent likelihood of
future land cover change were then used when modeling the
scenario to allocate the number of pixels that would be changed
following the land demand estimates to the final land cover class
over different baseline land cover classes. For instance, where the
estimated land demand was high and participants assigned a
higher percent likelihood of change, more pixels were changed
from one land cover class to another, and where participants
assigned a lower percent likelihood of change, fewer pixels were
converted. Conversion from one land cover category to another
was done sequentially in R software. Various constraints, raised
by the participants, were incorporated in the modeling. First, the
SNP and the NCA would continue receiving high government
protection and enforcement that would prohibit direct human-
induced LULCC inside the protected areas. Second,
encroachment along SNP’s and NCA’s boundaries could occur
to 500 m inside the border at 2030 and up to 5000 m at 2063.
Third, built-up areas could not be converted to forest, shrubland,
grassland, or agricultural land. Fourth, the sequence of land
cover conversion would be forest, shrubland, grassland,
agriculture, and built-up. Finally, high mining impacts and
livestock grazing pressure would increase sparse vegetation
and bare ground.

Following the simulation of the scenario outputs, a subset of
participants from the two Serengeti workshops was invited to a
scenario dissemination and validation workshop on 10-11
December 2020, in Bunda (Figure 2). At the workshop, ARCC
researchers disseminated the results and discussed the simulated
results with the participants, who then provided feedback on the
simulated scenarios. Specifically, they gave feedback on whether
the type and extent of simulated land cover change in 2030 and
2063 under each scenario was expected, realistic, and possible
according to their consensus-driven estimate of land cover
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transformation from the first workshop. Where the
participants agreed with the simulated scenario maps, no
modifications were made but where they recommended a
correction in either the type or extent of the land cover
change, the simulated scenario maps were amended to reflect
the feedback given. Other feedback from the participants
included the reiteration that no farming was expected inside
the SNP and NCA in 2030 and 2063 because they would still be
under strict government protection. However, encroachment

along the boundaries was expected for both time horizons.

Results

Key events that have shaped past and
present LULCC patterns in Serengeti

Across the Serengeti ecosystem, key events perceived to shape
LULCC were associated with climate, conservation, wildlife
tourism, animal diseases, discovery and/or establishment of
mining sites, new government policies, and economic initiatives
(Figure 4). Climate-related events were associated with droughts in
1987-1988, 1994, 2006, and 2009 and the El Nifio episode in 1997-
1998 that reduced livestock numbers and livestock herding. The
participants recalled, in particular, the 2006 drought that devastated
livestock production in northern Tanzania and that President
Jakaya Kikwete donated cows to families in Longido, Monduli,
and Ngorongoro in 2007 to help them rebuild herds. Events
associated with enhancing wildlife conservation land use included
the designation of Serengeti as a Game Reserve in 1928-1930 and as
a National Park in 1940; the designation of Maswa as a Game
Controlled Area in 1962, as a Game Reserve in 1974 and changes in
its boundaries in 1966, 1974, 1976, 1981/1983, and 1998; the
establishment of National Parks in the 1950s; and the
establishment of WMAs from 2002. Formation of protected areas
converted agricultural, settlement, and livestock grazing land use to
wildlife conservation land use. The establishment of Mweka wildlife
college as a pioneer institution to train African wildlife managers in
1963 and anti-poaching initiatives by Tanzania’s government,
namely, “Operation Uhai” in 1989 and “Operation Tokomeza” in
2013, reduced the loss of wildlife numbers. Environmental
restoration programs, such as the Lake Victoria Environmental
Management Program (LVEMP) of 1992 to 2017 and the
“Shinyanga Soil Conservation Programme” that ran from 1986 to
2004, prevented land use change in wetlands, increased forest cover
in unprotected areas, and increased pasture for livestock herders.
Government policies perceived to drive LULCC involved the
enactment of policies related to national economic development
and the resettlement of people; examples include the Arusha
Declaration of 1967 that was a socialist policy that largely
advocated for collective ownership and use of natural resources
and the Villagization (Ujamaa) Policy of 1974 that governed the
distribution of settlements, agricultural land, infrastructure, and
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markets. The National Land Management Policy of 1995 was
perceived to have provided the foundation for land use and land
management strategies in Tanzania. Regulations on preserving
wildlife corridors, dispersal areas, and buffer (integration) zones
set up in 2018 were perceived as instrumental in conserving wildlife
spaces within village land and reducing population pressures at
protected area boundaries. Socio-economic factors related to
improvement of roads, development of new roads, the collapse of
the East African Community (1977), and free market economy
policies (1985-1990) were associated with infrastructural and
agricultural growth.

Four alternate future LULCC scenarios
for northern and eastern Serengeti

On the basis of the frequency of mentions, the main drivers
of future LULCC in northern and eastern Serengeti in 2030 and
2063 were envisioned to be population growth (31% in 2030 and
33% in 2063), national policies and governance structure (18%
in 2030 and 20% in 2063), level of environmental degradation
(16% in 2030 and 9% in 2063), socio-economic development
(16% in 2030 and 18% in 2063), climate change adaptation and
mitigation strategies (13% in 2030 and 18% in 2063), and
agricultural expansion (2% in 2030 and 2% in 2063).
Population growth was associated with land scarcity, increased
settlements, encroachment on protected areas, and the blockage
of wildlife migratory corridors. Environmental degradation was
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associated with negative environmental impacts brought by
deforestation, invasive species, soil erosion, and overgrazing.
Socio-economic development was associated with increased
access to social services, infrastructure growth (such as
communication, transportation, water supply, and energy
provision), industrial and technological advancement, access to
markets, and livelihood diversification. Participants envisioned
population growth, infrastructural development, and the state of
climate change management interventions would be the main
drivers of future LULCC in northern and eastern Serengeti and
used them to coproduce the four alternate scenarios of future
LULCC discussed below.

The scenario named “Wasiwasi” is described by a Swahili
word meaning “uneasiness”. Under this scenario, the political
leadership will prioritize economic development and disregard
sustainability and equity in the protection, acquisition, access,
and sharing of natural resource benefits. Ultimately, there will be
forest loss, encroachment along protected area boundaries and
water bodies, and expansion of unplanned built-up areas
(Table 1; Supplementary Text 1; Supplementary Figure 1). By
2030, the prioritization of development over conservation,
coupled with high population growth pressures, will lead to an
expansion of agricultural land by 1,403 km” and a reduction of
forests by 1,371 km? (Figure 5; Supplementary Table 2).
Shrubland expansion south of the Loliondo highlands
(Figure 5) will largely be driven by the loss of livestock grazing
land and associated grazing pressure. Between 2030 and 2063,
agricultural encroachment along the boundaries of SNP and
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TABLE 1 Connection between co-produced scenarios of future LULCC, and SDGs 13 (climate action), 15 (life on land), and 2 (zero hunger) for
2030 and AU Agenda 2063 goals 7 (environmentally sustainable and climate-resilient economies and communities) and 6 (modern agriculture for
increased production).

SDG2030 LULCC SCENARIO NARRATIVES (2030) AGENDA
2063GOAL

LULCC SCENARIO NARRATIVES (2063)

Northern and Eastern Serengeti

Wasiwasi Parks and People Wasiwasi Parks and People

13 Lack of political will in Use of climate smart Unreliable weather forecasts. Presence of climate change management
developing climate change  agricultural techniques, Absence of climate measures. Building of man-made water
management measures. drought- and disease- management measures. reservoirs for wildlife and livestock use

resistant breeds, and during droughts. Use of solar and wind
renewable energy. energy.

15 Encroachment on protected No agricultural Encroachment on protected Fencing protected areas. Formal protection
area. Human-wildlife encroachment inside areas. Loss of some wildlife of water bodies. Annexing SNP between
conflict. High grazing protected area. Squeezing dispersal habitats to Grumeti River and the Speke’s Gulf in Lake
pressure north of NCA. of wildlife inside protected agricultural and built-up areas. ~ Victoria to sustain the Great Wildebeest

areas. migration.

2 Agricultural expansion Reduced pastoralism, the Technological growth of Agriculture improvement approaches such
inside protected areas and  focus of livestock industries providing as greenhouses, organic fertilizer, pesticides,
on community land west of production will be agricultural input and disease- and drought-resistant seeds and
SNP. improved livestock not processing food. large-scale production.

livestock numbers.
The Dying Giant Life is Good The Dying Giant Life is Good

13 Absence of climate change ~ Use of climate smart Absence of climate Presence of climate change management
management interventions.  agriculture, drought- and management measures. measures. Building of man-made water

disease-resistant breeds reservoirs for wildlife and livestock use
and solar energy. during droughts. Use of solar and wind
energy.

15 Wildlife habitat Conservation of wildlife Less dependence of wildlife- Coexistence between livestock and wildlife.
fragmentation. Human- habitats. Low human- related livelihoods. Non- No encroachment inside protected areas.
wildlife conflict. wildlife conflict. wildlife-based tourism such as
Encroachment of protected  Diversification to non- geotourism.
areas and wildlife corridors. ~ wildlife-based tourism.

2 Livestock keeping will be a  Livestock keeping will Irrigation schemes made by Production of crops like tobacco, barley,
key livelihood. Agricultural — remain the main drilling underground water will paddy rice, and sunflower seeds will
expansion in protected livelihood. Agricultural be introduced to boost increase, their valued added, and sold locally
areas and river edges. expansion near existing agricultural production. and abroad to increase agriculture revenues.

farms.
Southern and Western Serengeti
Tutaponaje? Hamasika Tutaponaje? Hamasika

13 Lack of political will in Presence of climate change Absence of political will in Presence of climate change management
developing climate change ~ management interventions. developing climate change measures. Accurate and reliable weather
adaptation interventions adaptation interventions. forecasts. Use of solar and wind energy.

15 High deforestation rates Little loss of natural Human encroachment on Sharing of wildlife benefits. Biodiversity
vegetation in the wildlife protected areas. conservation and ecologically sound
corridors. approaches of rangeland management.

2 Inadequate pasture to Reduced nomadism. Agricultural encroachment Agricultural expansion in unprotected

support pastoralism. Sustainable agriculture inside protected areas. wildlife corridors due to high population
Agricultural expansion such as agroforestry, Production of cotton and growth pressure.
inside protected areas. intercropping, and organic tobacco will necessitate
farming. irrigation and other input.
Tujikomboe Yajayo Yanatufurahisha Tujikomboe Yajayo Yanatufurahisha

13 Absence of climate change  Strong governance, No climate change Presence of climate change management

management practices. presence of climate change management interventions. measures.
management strategies.
15 Human encroachment in Protection of wildlife Human encroachment inside No encroachment of protected areas.

wildlife corridors.

habitats, including wildlife
corridors.

protected area.
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TABLE 1 Continued

SDG2030 LULCC SCENARIO NARRATIVES (2030) AGENDA

10.3389/fcosc.2022.920143

LULCC SCENARIO NARRATIVES (2063)

2063GOAL

2 Agricultural expansion will
occur in unprotected occur near existing farms
wildlife corridors and near  and in wet areas.

existing farms.

Agricultural expansion will 6

Conflicts between farmers and  Agricultural expansion in wet unprotected
pastoralists. Inadequate areas. Cotton processing, maize milling, and
pasture. Importation of food value addition industries will be built.
from other local and African

markets.

NCA will extend up to 5000 m (Figure 5), and a decline of 1479
km? of grassland and 2121 km? of forest will occur. However,
shrubland expansion in 2063 will decline as agricultural
production was anticipated to be higher than livestock
production (Supplementary Table 2).

The “Parks and People” scenario will be focused on
balancing the infrastructural and agricultural land demands of
a high population with the judicious use of natural resources and
wildlife conservation by way of proactive political leadership in
environmental matters and sustainable development (Table 1;
Supplementary Figure 1). Between 2019 and 2030, cropland
expansion will increase by 974 km? in wet and unprotected areas
to cater for the growing human population. Climate change
management interventions and effective land use plans under
this scenario will ensure that the decline of grasslands (943 km?)
would be lower than those in the “Wasiwasi” scenario
(Supplementary Table 2). Between 2030 and 2063, a loss of
1,905 km” of highland forests and grasslands east of the SNP will
largely be replaced by an increase 1,729 km” agricultural land
and 256 km? shrubland (Figure 6). However, national and local
leadership will ensure that the boundaries of protected areas are
not encroached upon and shrubland expansion.

“The Dying Giant” scenario will be characterized by weak
governance, a lack of climate change adaptation and mitigation
strategies, and deficiencies in basic infrastructure in an
environment that is rich in biodiversity, natural resources, and
landscape and cultural heterogeneity. Weak climate change
intervention strategies will lead communities to diversify their
livelihoods (from smallholder agriculture and livestock keeping)
to ecotourism and small-scale entrepreneurship (Supplementary
Text 1). The main land cover change between 2019 and 2030 will
be deforestation in Loliondo and the community areas west of the
SNP by 1,302 km? an increase of 1,573 km” of shrubland along
protected area boundaries and Loliondo, and an expansion of 1,361
km? of smallholder agricultural land at the Ikona WMA,
unprotected forests near existing agricultural areas and along the
Grumeti River (Figure 5; Supplementary Table 2). Between 2030
and 2063, encroachment of up to 1281 km? of agricultural land into
protected areas, along rivers, and forests will occur. In addition,
there will be an increase of sparse vegetation by 76 km? (Figure 6).

The “Life is Good” scenario will be characterized by a low
population, basic access to infrastructure, pro-environmental
approaches in the use and management of natural resources,
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development of climate change management approaches, and
effective land use plans (Supplementary Text 1). From 2019 to
2030, loss of forests (907 km?) and grassland (219 km?), increase
in agriculture (563 km?), and built-up (20 km?) will be lower
than for the other northern and eastern Serengeti scenarios
(Supplementary Table 2). Between 2030 and 2063, political
leadership will prohibit encroachment on protected area
boundaries, expansion of 1,552 km’ of agricultural land will
occur near existing farms in Loliondo, Ikona WMA, and in
community areas (Figure 6), and the built-up area will increase
by 73 km? near Lake Victoria and near croplands.

Four alternate future LULCC scenarios
for southern and western Serengeti

The main drivers envisioned to influence future LULCC in
southern and western Serengeti, based on the number of times
that they were mentioned were population growth (30% in 2030;
33% in 2063), climate variability (23% in 2030; 19% in 2063),
socio-economic development (20% in 2030; 19% in 2063),
agricultural expansion and status of agricultural technology
(15% in 2030; 6% in 2063), level of environmental degradation
(7% in 2030; 11% in 2063), and governance structures (5% in
2030; 11% in 2063). Participants envisioned population growth
and the agricultural economy would be the key drivers of future
LULCC scenarios for southern and western Serengeti and co-
produced the four scenarios discussed below.

The scenario named “Tutaponaje?” is described by a Swahili
question asking “how will we recover?”. The name portrays a
scenario with high population growth, weak governance
structures, reactive environmental conservation initiatives, and
an unsustainable agricultural economy (Supplementary Figure 1;
Supplementary Text 1). Between 2019 and 2030, deforestation
and agricultural expansion in unprotected forests will reduce
forest cover by 166 km?> (Supplementary Table 2). Participants
expected that the forest loss would be higher than the simulated
one if most forests under this scenario were not protected.
Agricultural land use was anticipated to increase by 677 km?
south of Maswa Kimali Game Reserve and 500 m inside
protected areas by 2030 (Figure 5) and would continue to
expand by up to 2,815 km” at the western and southern parts
and along the boundaries of Maswa and Maswa Game Reserve in
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(A) Land cover change maps for northern and eastern Serengeti from 2019 to 2030 under the Wasiwasi, Parks and People, The Dying Giant, Life
is Good scenarios. (B) Land cover maps for southern and western Serengeti from 2019 to 2030 under the Tutaponaje?, Hamasika, Tujikomboe,

2063 (Figure 6). Between 2030 and 2063, the built-up area will
increase by 294 km” near existing built-up lands and farms west
of the study area (Figures 5).

The “Hamasika” scenario, meaning “add diligence”, will be
characterized by high population growth, environmental
awareness, and established climate change management
interventions (Table 1). The management of protected areas
will be geared to promote benefit sharing, sustainable wildlife
resource use, biodiversity conservation, and ecologically sound
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approaches of rangeland management (Supplementary Text 1).
However, high population growth will reduce livestock mobility.
Between 2019 and 2030, losses of 74 km? of shrubland, 531 km?
of grassland, and 41 km? of forests and expansion of 586 km? of
agricultural land and 62 km” of built-up areas will occur.
However, contrary to the “Tutaponaje?” scenario, there will be
no loss of natural vegetation in the wildlife corridor between
Maswa and Maswa Kimali Game Reserves (Figure 5). Between
2030 and 2063, forest loss will be lower than in the
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(A) Land cover maps for northern and eastern Serengeti from 2019 to 2063 under the Wasiwasi, Parks and People, The Dying Giant, Life is Good
scenarios. (B) Land cover maps for southern and western Serengeti from 2019 to 2063 under the Tutaponaje?, Hamasika, Tujikomboe, and
Yajayo Yanatufurahisha.

“Tutaponaje?” scenario by 367 km?. Pressure from high
population growth will lead to expansion of 1925 km® of
agricultural land in unprotected areas (Figure 6).

The “Tujikomboe” scenario, described by a Swahili phrase
meaning “let us redeem ourselves”, represents a scenario
characterized by low population growth, unsustainable
agricultural practices, poor governance, and the absence of
climate change management practices (Supplementary Text 1;
Supplementary Figure 1). Between 2019 and 2030, demand for
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fuelwood, timber, pasture, and land for smallholder agriculture
will result in the loss of forests (96 km?), shrubland (232 km?),
and grassland (464 km?; Supplementary Table 2). Agricultural
expansion is projected in the unprotected area between Maswa
and Maswa Kimali Game Reserves, south of Maswa Kimali
Game Reserve, and near existing farms (Figure 5). Between
2030 and 2063, projected reduction of 1,717, 857, and 486 km” of
grassland, shrubland, and forests, respectively, will account for
expansion of cropland, sparse vegetation, and the built-up area.

frontiersin.org


https://doi.org/10.3389/fcosc.2022.920143
https://www.frontiersin.org/journals/conservation-science
https://www.frontiersin.org

Kariuki et al.

The “Yajajo Yanatufurahisha” (“the future makes us happy”)
describes a scenario characterized by the strong governance of
natural resources that will ensure that proper land use plans are
in place; agriculture production is sustainable; and effective
policies related to mining, wildlife conservation, and climate
change management approaches are developed, regularly
updated, and implemented (Supplementary Text 1;
Supplementary Figure 1). The main land cover changes
expected between 2019 and 2030 are loss of forests (53 l<.rn2),
shrubland (189 km?), and grassland (262 km?) outside the
southern boundary of the SNP (Supplementary Table 2;
Figure 5). Built-up areas will expand by 31 km” near existing
towns, settlements, and farms west of SNP. From 2030 to 2063,
there will be forests and grassland loss of 79 km? and 1203 km?,
respectively, and herbaceous wetlands near croplands will be
converted to other land cover types. However, unlike the other
southern and western Serengeti scenarios, natural vegetation
along the boundaries of protected areas and in the unprotected
wildlife corridors will not be encroached on by other land cover
classes (Figure 6).

Desirable and undesirable future for
northern and eastern Serengeti

Most participants identified the most desirable future for
northern and eastern Serengeti in 2030 as those with controlled
population growth (17%), good and stable governance structures
(13%), green infrastructure and energy (10%), and education
curricula on sustainable land use available to the community
(9%). A desirable future with climate change adaptation
strategies in place, reduced land conflicts between different
users, accurate forecasting strategies for changes in weather
and natural resources, and the protection of wildlife habitats
was perceived as achievable through good governance that
would integrate a bottom-up approach and effective
government policies that would be implemented in a timely
manner. In 2063, the two most desirable future goals based on
the number of mentions were controlled human population
growth (14%) and good and stable governance (9%). Other
desirable future goals for 2063 were generally similar to those of
2030 although the frequency of mentions was different
(Supplementary Table 3). A future with a highly educated
populace, land use, and land cover improvements in the Mara
River headwaters region, technological advancement to simplify
people’s lives, and well-understood anthropogenic impacts on
the environment was mentioned for 2063, though not 2030. A
future without invasive species was desired for 2030 but not
made explicit for 2063.

The most undesirable future for northern and eastern
Serengeti in 2030 was those with uncontrolled human
population growth (19%), degraded land (11%), bad
governance (9%), and encroachment along the boundaries of
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protected areas (9%). An undesirable livelihood future was
perceived as those characterized by: basic agricultural
production techniques, unstable livestock and tourism
economies, lack of social facilities, and economic growth that
disregards environmental sustainability. Unrealized
sustainability targets in the SDG and Tanzania’s Vision 2025
Development Agendas in 2030 were considered undesirable by
2% of the participants. In 2063, the disastrous impacts of climate
change were perceived to be the most undesirable future. An
undesirable future characterized by high water scarcity,
unregulated investment in protected areas, mining in protected
areas, and compromised water catchments was mentioned for
2030 and not 2063. On the other hand, an undesirable future,
such as a lack of international involvement in wildlife
conservation, food insecurity, and increased illegal activities in
protected areas, was mentioned for 2063 and not 2030.

Desirable and undesirable future for
southern and western Serengeti

On the basis of the percent of mentions, the most desirable
future for southern and western Serengeti in 2030 is those
characterized by well-demarcated and managed protected
areas (17%), communities sensitized to issues of
environmental change, sustainable land uses and climate
change (10%), healthy environments inside and outside
protected areas (10%), sound land use plans (10%), and green
infrastructure that uses renewable energy to meet development
and agricultural production targets (8%). Because of population
growth, participants especially desired environmentally
sensitized communities and better management policies for
natural resources that would balance human and wildlife
needs and eliminate poverty, food insecurity, and
environmental degradation (Supplementary Table 4). Desirable
future in 2063 was mostly similar to those of 2030
(Supplementary Table 4) in addition to a few divergent future
where communities were involved in environmental
conservation (5%), global carbon emissions were regulated
(5%), there was provision and use of green infrastructure and
renewable energy (2%), and agricultural and livestock
production technology was improved and sustainable (2%). To
facilitate the desirable future envisioned for 2063, participants
perceived that good governance in all sectors, environmental
awareness, use of participatory approaches in natural resource
management, poverty eradication, and sustainable agricultural
practices would be necessary. Renewable energy was perceived to
be necessary for mitigating climate change.

The most undesirable future for southern and western
Serengeti in 2030 was those characterized by encroached
protected areas (11%), disastrous climate change impacts
(11%), degraded land (8%), and poaching and hunting (6%).
The clearing of natural vegetation to make room for agriculture
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was undesirable to 6% of participants who perceived it as
unsustainable. As most of the undesirable future for 2030 was
related to the environment (Supplementary Table 4),
participants desired good governance, controls on invasive
species, increased environmental awareness, and the creation
of environmental restoration programs. In 2063, the most
undesirable future was those associated with negative
environmental change such as land degradation (18%),
disastrous climate change impacts (12%), desertification (9%),
and biodiversity loss (3%). The degazettement of protected areas
was mentioned as an undesirable future in 2063 but not in 2030.
To avoid depletions in natural resources and biodiversity losses
in 2063, participants proposed changing policies from
consumptive to non-consumptive wildlife uses, reforestation,
afforestation, the use of clean energy sources, agroforestry, and
climate smart agriculture. To avoid degazettement and
encroachment into protected areas, participants perceived that
better and more efficient land use plans, good governance, and
the reliable implementation of policies would be necessary.

Discussion

The co-produced scenarios for northern and eastern
Serengeti and southern and western Serengeti shared
similarities in future LULCC character. This is not too
surprising given the overarching drivers of population growth,
the structures governing natural resource use, and the ensuing
environmental degradation. However, they differed in land-
based development opportunities, policy decisions, and the
nature and type of anticipated land cover change in the future
(Figures 5, 6; Supplementary Text 1; Supplementary Figure 1).
We discuss the scenarios with reference to stakeholders’
perceptions of key drivers of LULCC in Serengeti and the
implication of future LULCC scenarios on the sustainability of
the Serengeti ecosystem with reference to SDGs 13 (climate
action), 15 (life on land), and 2 (zero hunger) and AU Agenda
2063 goals 7 (environmentally sustainable and climate resilient
economies and communities) and 6 (modern agriculture for
increased production; Figure 1).

Climate action

Climate fluctuations have always been key traits of the
Serengeti landscape that have shaped human-nature
interactions for millennia (Marchant et al., 2018). For the last
century, participants reported the influence of climate change on
LULCC as severe droughts or El Nifio events that devastated
livestock and agricultural production (Kimaro et al., 2018;
Kariuki et al., 2021) and changed the dispersal and abundance
of wildlife in the Serengeti (Ogutu et al., 2008). With at least 70%
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of households in our Serengeti catchment dependent on climate
sensitive livelihoods (URT, 2016; URT, 2016b), climate change
was anticipated to be a significant driver of future LULCC. For
northern and eastern Serengeti, political support provided for
developing future climate change adaptation measures was
considered key for avoiding livestock losses caused by
recurrent droughts, inadequate pasture, and environmental
degradation (Sinclair et al., 2015). Climate variability
associated with drier wet seasons and wetter dry seasons in
southern and western Serengeti (Mfunda and Reskaft, 2011;
Fyumagwa et al, 2013) was anticipated to influence its
agricultural economy.

Existing climate change adaptation strategies such as
livestock mobility, changing herd compositions from cattle to
small stock, agroforestry, crop rotation (Kimaro et al., 2018), and
implementing green infrastructure such as grazing banks that
will be practiced under LULCC scenarios with strong climate
change actions (Parks and People, Life is good, Hamasika, and
Yajayo Yanatufurahisha) will increase the likelihood of these
scenarios to meet targets 13.2 and 1.7.4 of the SDGs and AU
Agenda 2063. As some of these climate change adaptation
measures are already practiced by communities in Tanzania
(Mkonda and He, 2018), the effectiveness of their continued use
will depend on how formal and informal institutions will
mediate access to natural resources such as forests, rangelands,
and water at the local scale (Goldman and Riosmena, 2013). Ata
national scale, various institutional frameworks in Tanzania
hinder an effective and coordinated intersectoral approach to
incorporating climate change into policies by the Tanzania
National Adaptation Plan of Action of 2007 (Pardoe et al,
2018). Thus, fully meeting the climate action SDG targets at
the local scale will further depend on the development of efficient
and integrated approaches that incorporate climate change
adaptation and mitigation into policy frameworks in Tanzania.
Under scenarios with sustainable agricultural economies
(Hamasika and Yajayo Yanatufurahisha), meeting SDG target
13 (climate action) in 2030 and AU Agenda 2063 target 1.7.4
(low carbon production systems) in 2063 requires the
interaction between climate change adaptation measures and
food production targets to be incorporated into policies,
strategies, and planning. This integration would also lead to
meeting SDG 2 target 2.4 (ensure sustainable agriculture
production practices) in 2030. Under increased climatic
variability and increased drought frequencies projected for
eastern Africa toward the mid-21st century (Platts et al,
2015), LULCC scenarios with a high population but lacking
climate change management measures (Wasiwasi and
Tutaponaje)? will need to prioritize non-land-based
livelihoods that are not climate sensitive, whereas scenarios
with a relatively low population growth (The Dying Giant and
Tujikomboe) will make policies that prioritize land restoration
and management (Supplementary Figure 1).
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Wildlife conservation

The designation of protected areas over a large part of the
Serengeti-Mara landscape has heavily influenced LULCC in
Serengeti for the last 80 years. Participants associated the
establishment of protected areas with the eviction of local
communities at SNP and NCA (Sinclair et al.,, 2015), the
provision of livelihood options for communities (Randall et al.,
2015; Kariuki et al., 2021b), the demarcation of buffer zones with
regulated wildlife and human land uses (Thirgood et al., 2004),
and the consequent appearance of human-wildlife conflict
hotspots (Sinclair et al, 2015). In western Serengeti, the
development of Wildlife Management Associations (WMAs),
especially Makao WMA, from 1998 was associated with the
management of wildlife conservation on community land and
the sharing of wildlife-related benefits by communities (Reid
et al., 2015; Rosa et al., 2018).

With forest area covering 7,425 km? or 20% of the total study
area in 2019, northern and eastern Serengeti has higher forest
cover than southern and western Serengeti where forests cover
an area of 2,339 km? or 7% of the total study area
(Supplementary Table 2). As at least 60% of the Serengeti
ecosystem receives some form of legal protection (Figure 2)
under local community or national governance structures, most
of the forest loss is anticipated along the boundaries of protected
areas and in unprotected forests (Figures 5, 6; Supplementary
Table 2). Generally, the protection of wildlife conservation areas
and forests in Tanzania by the national government limits the
overexploitation of natural resources and lowers the rate of forest
loss (Reid et al., 2015; Rosa et al., 2018). Reduced forest cover in
Serengeti has, however, been associated with high population
growth and associated increases in deforestation rates, higher
demand for fuel and timber, illegal hunting, and agricultural
expansion (Randall et al., 2015). All natural vegetation in
southern and western Serengeti is currently inside protected
areas; thus, abating forest loss (SDG target 15, indicator 15.1.1
and AU Agenda 2063 target 1.7.2, indicator 2) in 2030 and 2063
under high population scenarios (Tutaponaje? and Hamasika)
implies the need to ensure strict protection of conservation
areas; otherwise, human population growth pressure will
continue to fragment wildlife spaces. Moreover, the most
desirable future for southern and western Serengeti in 2063
was one where protected areas are well demarcated, managed,
connected, and conserve biodiversity while abating human
wildlife conflict (Supplementary Table 3), further emphasizing
the need for the effective management of protected areas, in line
with global biodiversity targets (Zafra-Calvo and Geldmann,
2020). In northern and eastern Serengeti, population growth
along SNP’s boundaries is largely driven by economic
opportunities related to wildlife-based tourism. This means
that avoiding human-wildlife conflicts and encroachment
along protected area boundaries and meeting biodiversity
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targets in Serengeti in 2030 and 2063 under scenarios with
sustainable natural resource use (Parks and People, and Life is
Good) should ensure that communities living near protected
areas benefit from wildlife conservation and their socio-
economic status is improved. However, the COVID-19
pandemic and its direct and cascading impacts on travel and
international tourism across Africa have highlighted the fragility
of tourism-dependent models for human-wildlife coexistence,
with devastating impacts upon local communities relying on
them (Stone et al,, 2021). This shock may represent instead an
opportunity for developing new visions for resilient and
sustainable wildlife-based tourism that include innovative
funding methods to support conservation and communities
supporting conservation, domestic tourism, and diversification
of ecotourism revenue streams (Mudzengi et al., 2022).
Participants envisioned livestock grazing by pastoralists
would continue into the future, especially under scenarios with
low population growth. For scenarios subject to weak
governance of natural resources in northern and eastern
Serengeti (Wasiwasi and The Dying Giant), participants
envisioned community protected areas experiencing high
livestock grazing pressure, such as the Tkona WMA, were
likely to undergo shrubland expansion as they would lack
efficient approaches to integrating livestock production with
wildlife conservation under changing cultures, policies, and
socio-economic development. Shrubland expansion in
savannas is a form of land degradation (Hare et al, 2021)
partly linked to overgrazing, and associated with suppressing
the growth of palatable grasses for livestock and wildlife and the
availability of grass fuel for savanna fires (Roques et al., 2001). In
the Serengeti ecosystem, shrubland expansion has been reported
in Maswa, Tkorongo, and Grumeti Game Reserves and has been
associated with changing climates and rangeland management
techniques (Kimaro and Treydte, 2021). Effective integration of
livestock and wildlife is, however, possible and can be beneficial
to the environment and to pastoral communities (Keesing et al.,
2018). Overall, the governance of SNP by the national
government of Tanzania has, so far, been deemed successful
(Reid et al., 2015). Thus, avoiding projected future forest losses
and meeting SDG 15 and AU Agenda 2063 target 1.7.2 requires
concerted efforts in integrating environmental protection
policies with sustainable, culturally sensitive development and
ensuring that livestock grazing spaces are protected in the future.

Agricultural expansion

Participants associated trends and patterns in agricultural
expansion in Serengeti with legislation such as the National Land
Use Planning Commission of 1984 that evaluated, harmonized,
and coordinated the demarcation of farms and towns in
Tanzania (Kauzeni et al., 1993). The National Land Policy of
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1995 and the Village Land Act of 1999 were perceived to
influence the rights of land owners for using and managing
public land for agriculture (Sylivester, 2013). Agricultural
expansion was associated with pressure from population
growth, which was considered an undesirable future for
Serengeti in 2030 and 2063. Population growth can be
perceived as a challenge where there is competition for
resource access or as an opportunity for economic growth
through increased labor, production, infrastructure, and
markets (Aguiar et al., 2019). Western Serengeti being wetter
and more populous than eastern Serengeti has experienced
increased demand for local resources by immigrant
agricultural communities (Knapp et al., 2015). Crop
production in western Serengeti increased from 37% to 54%
between 1984 and 2018 (Veldhius et al., 2019). Among
pastoralist communities in northern and eastern Serengeti,
smallholder agricultural expansion largely occurs to
supplement income and food (Reid et al., 2015).

Future agricultural expansion across the Serengeti ecosystem
is anticipated in the unprotected forests west of SNP and at the
LGCA east of SNP in 2030 and 2063 under alternate scenarios.
Loss of forests in Tanzania occurs, in part, to create room for
agricultural and infrastructural development and due to the
weak enforcement of policies on natural resource use (Rosa
et al, 2018). In 2030, the proportion of agricultural areas
anticipated to be inside protected area boundaries, river edges,
and forests, under various scenarios for northern and eastern
Serengeti, will be higher (577-1,401 km?) than for southern and
western Serengeti (38-189 km?; Supplementary Table 2) because
of the availability of unprotected forests in northern and eastern
Serengeti. For scenarios with high population and good
governance over natural resources (Parks and People,
Hamasika), achieving SDG target 2.4 (ensure sustainable
agricultural production) in 2030 would require developing and
enforcing land use plans that ensure that forests, protected areas,
and rivers are not encroached upon. Participants identified that a
policy priority for such scenarios would be to formally protect
rivers, from the headwaters to the rivers’ mouth. Under
scenarios with an unsustainable agricultural economy in
southern and western Serengeti (Tutaponaje? and
Tujikomboe), agricultural encroachment along protected area
boundaries would happen because that would be the only area
available for conversion. Around the Serengeti ecosystem, the
greatest conversion of existing vegetation to agriculture has been
at the western border of SNP as areas close to Lake Victoria
already have stable agriculture and the eastern SNP boundary is
dominated by pastoralists (Estes et al., 2012; Veldhius et al,
2019). Most households use their land for subsistence agriculture
and only 19% use theirs for cash crop farming (Sinclair et al,
2015). Cotton is the main cash crop grown in western Serengeti.
However, its production is small-scale, rain-fed and has
gradually declined due to lower market prices for cotton and
crop raiding by wildlife (Mfunda and Reskaft, 2011).
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Under all scenarios, achieving increased agricultural
production (target 1.6.1 of AU Agenda 2063) will require
trade-offs with targets 1.7.4 (low carbon production systems)
and 1.7.2 (biodiversity is conserved and used sustainably)
because commercial agriculture expansion could occur over
carbon rich habitats, which are also dispersal zones for
Serengeti’s abundant and diverse wildlife. Intensification of
agriculture has also been associated with biodiversity loss and
high carbon emissions. Given the current annual population
growth rate of 2.7% per annum, it is expected that by 2063,
northern and eastern Serengeti will have at least 7.5 million
residents, whereas southern and western Serengeti will have 10
million residents. Future planning for the Serengeti would
require factoring in coexistence between people and nature by
enhancing an integrated policy approach for implementing SDG
and AU Agenda 2063 targets, ensuring protected areas are
effectively managed to conserve biodiversity, alleviate poverty,
and promote sustainable development, and environmental
degradation is halted by balancing agricultural production,
infrastructural development, and natural resource use.

Study limitations

The Kesho framework used by our study effectively engages
diverse participants to co-produce future LULCC scenarios,
integrates participants’ perspectives with spatial modeling, and
enhances common learning and a sense of ownership of outputs
generated. However, it has several limitations. First, its
dependency on participants’ perspectives and secondary data
sources meant that the nature, extent, and area of projected
LULCC were contingent on the composition, expertise, and
interest of the participants, as well as data availability and the
ease of quantifying anticipated mechanisms of future LULCC.
Second, it was challenging to fully integrate participant
perspectives with quantitative data to develop spatial outputs
of future land cover change scenarios. Although land demand
estimates were calculated to determine the spatial land demand
for given land uses in the future, and the participants assigned
the likelihood of future land cover change for each land cover
change expected in each scenario, it would be useful to compare
how alternative participatory approaches, such as fuzzy sets
(Mallampali et al., 2016), would vary from the Kesho’s
approach. In addition, the qualitative scenario narratives
largely informed the scenario development and were not fully
integrated with the quantitative data (Elsawah et al., 2020).
Third, as our study was focused on co-developing LULCC
scenarios, it did not directly integrate projected climate change
scenarios with scenario modeling, rather the impacts of
projected climate change on LULCC were captured through
projected secondary data that factored in projected climate
change and greenhouse gas emissions in calculating future
land demand for agricultural and livestock production in
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Tanzania. Active use of future climate information, such as from
the AFRICLIM data portal (Platts et al., 2015), is minimal, and
more interactive incorporation of climate future with
stakeholder-driven perspectives of land use change that
explore the interaction between land use change and climate
change is an area for future development. Despite these
limitations, the Kesho approach allows direct engagement and
ownership with the participants to capture past and present
LULCC and to estimate the likelihood of future LULCC at local
and national scales.

Conclusion

Assessments of future LULCC are important for exploring
potential pathways to sustainable environmental practices across
multifunctional landscapes. This study engaged stakeholders to
understand the causes and consequences of historical LULCC in
the Serengeti ecosystem and integrated co-produced scenarios
with secondary data to assess anticipated LULCC scenarios in
2030 and 2063. Results are interpreted in terms of the
implications of future LULCC scenarios for meeting SDGs 13
(climate action), 15 (life on land), and 2 (zero hunger) and AU
Agenda 2063 Aspiration 1 (a prosperous Africa, based on
inclusive growth and sustainable development). Events related
to climate, legislation, population growth, and wildlife
conservation and tourism were considered important in
driving historical LULCC in the Serengeti. Participants
anticipated that future LULCC in the Serengeti would largely
be determined by climate change management actions,
population growth, infrastructural development, and the
agricultural economy. Meeting desirable future and SDG and
AU Agenda 2063 targets under various scenarios would need
integrated approaches to incorporating climate change actions
into policy frameworks, efficient management of protected areas,
prioritizing non-land-based livelihoods, promoting sustainable
and culturally sensitive development, and the sharing of wildlife-
related benefits. Insights from this study show the utility of
stakeholder perspectives in exploring future environmental
change and provide a glimpse of multiple pathways toward
Serengeti’s future. These pathways of future land cover change
can open debates as to what policy and management
interventions are required to achieve SDG and AU Agenda
2063 targets or at least to avoid undesirable future.
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