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An interdisciplinary project studying how communities and their households,

land use, and climate interact to create or mitigate vulnerability in the
Kavango-Zambezi Transfrontier Area of Southern Africa
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Rationale

" |In many parts of Africa, already low levels of agricultural productivity and food
security are increasingly threatened by climate change.

" For communities living near protected areas, these problems are exacerbated
by wildlife crop depredation, particularly by elephants.

» While impacts may be unavoidable when human and wildlife land use overlap,

scant large-scale human data exist quantifying the direct costs of wildlife to
livelihoods.

Salerno et al., 2021, Curr.Bio., Stevens et al., 2023, J. Land Use Science






Study Region

Inter-tropical Convergence Zone (ITCZ)
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Overall Project Objective

Facilitate a broader understanding of how livelihoods, land use, and the

environment are changing in a transfrontier conservation area in
Southern Africa







A model is...



On modelling...

-George E. P. Box



Vulnerability Framework — Vulnerabillity to Whate

Spatiotemporal nature of environmental
characteristics and land uses (including climate)

Ability to cope or adapt to
Household-level Vulnerability system dynamics

With Respect to Food Security

Degree to which a household is impacted by and
results from E, potentially mediated by AC

Turner et al., 2003, PNAS, Gaughan et al., 2019, Land



https://doi.org/10.1073/pnas.1231335100
https://doi.org/10.3390/land8070111

Approach to Food Insecurity

The Food Insecurity Experience Scale (FIES)

. You were
You had to skip a hungry but did
meal? not eat?

You went without
eating for a whole
day?

Your household
ran out of food?

https://sdgs.un.org/goals Source: FAQ, http://www.fao.org/in-action/voices-of-the-hungry/en/



http://www.fao.org/in-action/voices-of-the-hungry/en/

Sustainabillity

2030 Agenda for Sustainable Development

Resources: https://sdgs.un.org/goals, https://sdgstoday.org/

Global convention noting resources
limited

Adopted by 193 countries of the
United Nations

SDGs are part of the 2030 Agenda

17 goals, 169 targets, 232 indicators


https://sdgs.un.org/goals
https://sdgstoday.org/
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https://www.tandfonline.com/doi/abs/10.1080/08941920.2019.1680783?journalCode=usnr20

Approach (1)

Household Sampling Protocol

= Household surveysin 5
communities in Botswana, Namibia

and Zambia

Surveys were designed to measure

household livelihood capitals
(economic, human, natural,
physical, social) Mashi Conservancy

Chobe Enclave

= ~30-50 min/survey, n=240/country

Salerno et al., 2020, Cons.Bio



https://doi.org/10.1111/cobi.13480

Household Survey Dato

Table S3. Summary values from household survey data.

Variable Botswana Namibia Zambia Total sample
Food insecurity scores? 3.40 5.63 6.07 5.05

Farmed area (ha)® 4.31 2.27 2.04 2.54

Cash income (SUSD) 2680 740 272 1220
Experienced crop depredation (%)P 65 60 55 58

Crop depredation (ha) 1.16 0.45 0.42 0.57
Elephants as reported primary spp. (%)>¢ 67 83 55 67

8- Reported means calculated from the FIES raw scores
b Calculations based on only those households that reported farming in the previous season

¢ Calculations based on only those households experiencing crop depredation
Salerno et al., 2021, Curr.Bio.



https://sites.warnercnr.colostate.edu/jdsal/wp-content/uploads/sites/127/2022/01/Salerno-et-al.-2021-Current-Bio.pdf

Approach (2)

Resource Mapping Protocol

Resource location names from
household surveys

With enumerator, mapped GPS
waypoints around resource area

Polygons created in GIS to represent
different resource areas

Resource mapping completed in all
three countries

Bailey et al., 2020, App. Geog., Woodward et al., 2020, RS


https://doi.org/10.1016/j.apgeog.2020.102326
https://www.mdpi.com/2072-4292/13/4/631

Approach

Biophysical/Remote Sensing
Protocol

Kolarik et al., 2020, ISPRS JPRS., Gaughan et al., 2022, RS



https://doi.org/10.1016/j.isprsjprs.2020.04.011
https://doi.org/10.3390/rs14030551

Approach (3)

Biophysical/Remote Sensing Protocol
Bands

Electromagnetic
\l: Spectrum

Columns

and Rows
Landsat TM

April 22,2007
Caprivi,Namibia

Pixel




Approach

Biophysical/Remote Sensing
Protocol

Kolarik et al., 2020, ISPRS JPRS., Gaughan et al., 2022, RS



https://doi.org/10.1016/j.isprsjprs.2020.04.011
https://doi.org/10.3390/rs14030551

Remote Sensing Data -
Rainy Season Length

Zambi
This data represents the number of days S

between the first and last pentad in the
CHIRPS data, starting with the water year on
October 1st.

These rainy season lengths are then averaged
across 1982-2017 and then aggregated to

household buffers as an average.
Namibia

Length of Rainy Season Botswana

120 days 180 days


https://www.chc.ucsb.edu/data/chirps

Remote Sensing Data -
Floodplain

This data represents the average distance
within each household’s one km buffer to
the outer edge of the long-term floodplain.

Floodplain Distance (m) . Botswana

Nardi et al., 2019, SciData < 25,000 > 25,000



https://www.nature.com/articles/sdata2018309#f2

Study Objective

Empirically link aspects of agropastoral-related land function to
households' capacity to adapt to food-insecurity.

Research Question
How do changing land systems and their functions affect household
vulnerability?

Stevens et al., in prep



Vulnerability Framework — Vulnerabllity to Whate

PH. Verbure et al. / Journal of Environmental Management 90 (2009) 1327-1335

Land System Interactions

provision of goods

Land Cuverk”,r— and services

Land Function

intent/purpose
land management j/

provision of goods
and services

Land Use

Maps and Data

Land Cover—

Land Use

Land Function -

e

=

=

Remote Sensing, Aerial Photography,
Field Mapping

Census data,
Land Cover Maps supplemented by
observations, inferred from landscape
structure

Cuantification or valuation of goods
and services, analysis of the
socio-economic and environmental
contexl

Fig. 1. Representation of the relation between land cover, land use and land function and possible methods to collect spatial data.




Vulnerability Model

Measurement Model

Structural Model




Vulnerability Model

Stevens et al., 2023



Structural Equation Model — Model Fit
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The KAZA Human-Environment System

We operationalize V as food insecurity predicted by E, S, and AC

Environmental conditions, captured through theoretical E-S
linkage, are significant; further environmental analysis may add
explanatory power

But... adaptive capacity is very important — has the strongest
relative total pathway effect on household vulnerability, having
controlled for environmental variability

Significant in-country variation in V and AC which suggests that
targeting broad interventions is not enough to reach the most
vulnerable



Spotify version



https://open.spotify.com/episode/5ZpG89sT47byEKygSdls4k
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