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A B S T R A C T   

As conservation landscapes are threatened by global change, there is a growing need to understand relationships 
between human livelihoods and environmental processes. This often involves integrating multiple data sources 
capturing different scales of measurement. Participatory methods have emerged as a means to accomplish this, 
but are hampered by a wide range of challenges associated with data collection and translation. Here, we present 
a novel methodology for mapping human use of natural resources that overcomes many of the difficulties faced 
in participatory mapping. Based in the world’s largest terrestrial transfrontier conservation area, we couple 
household surveys with in-situ fine-scale mapping to identify key resource areas that support local livelihoods. 
This allows for a spatially referenced human use ‘footprint’ that can be combined with remotely-sensed data 
measuring environmental impact. This methodology is applicable across contexts and has implications for 
landscape management and conservation.   

1. Introduction 

Southern Africa continues to experience unprecedented anthropo-
genic change impacting human livelihoods, wildlife, and environmental 
processes. Rural and subsistence livelihoods in this region are highly 
dependent on natural resources and vulnerable to global shocks and 
stresses (Challinor, Wheeler, Garforth, Craufurd, & Kassam, 2007; 
Connolly-Boutin & Smit, 2016; Jones & Thornton, 2009). As a result, 
there is a growing need to understand how global environmental 
changes impact people and their use of land and resources (Conway 
et al., 2015; Gaur & Squires, 2018; Wilbanks & Kates, 1999), and to 
identify feedbacks between environmental processes and human activ-
ities (Coetzer-Hanack, Witkowski, & Erasmus, 2016; Nagendra, Munroe, 
& Southworth, 2004). This is particularly true in arid and semi-arid 
landscapes of low and middle income countries, where complex re-
lationships with the land are complicated by ongoing anthropogenic 
change (Gaur & Squires, 2018). The need to understand these feedbacks 

is often encompassed in the call to connect “people to pixels” (Liverman, 
Moran, Rindfuss, & Stern, 1998). Global-scale, remotely sensed data is a 
powerful resource for quantifying and monitoring complex dynamics 
and change over time (Agutu et al., 2017; Townshend, Justice, Li, 
Gurney, & McManus, 1991; Turner et al., 2003; Vågen, Winowiecki, 
Tondoh, Desta, & Gumbricht, 2016). However, these data are at 
different spatial and temporal scales than the activities of people on the 
landscape, and many challenges (i.e. matching levels of accuracy with 
other data sets, generalizing methods across different land-cover types) 
exist in integrating remotely-sensed data and data on human activities 
(Liverman et al., 1998; Dubovyk, 2017; Wardrop et al., 2011). In order 
to understand social-ecological systems dynamics - a critical step toward 
adaptation under global climate change - it is imperative that we over-
come these challenges and find new ways to link people to pixels. 

We explore the use of participatory mapping as a means to connect 
remotely-sensed data to human use of the landscape. Participatory 
mapping incorporates local knowledge on a wide range of landscape 

* Corresponding author. 
E-mail address: karen.bailey@colorado.edu (K.M. Bailey).  

Contents lists available at ScienceDirect 

Applied Geography 

journal homepage: http://www.elsevier.com/locate/apgeog 

https://doi.org/10.1016/j.apgeog.2020.102326 
Received 12 July 2019; Received in revised form 11 August 2020; Accepted 8 September 2020   

mailto:karen.bailey@colorado.edu
www.sciencedirect.com/science/journal/01436228
https://http://www.elsevier.com/locate/apgeog
https://doi.org/10.1016/j.apgeog.2020.102326
https://doi.org/10.1016/j.apgeog.2020.102326
https://doi.org/10.1016/j.apgeog.2020.102326
http://crossmark.crossref.org/dialog/?doi=10.1016/j.apgeog.2020.102326&domain=pdf


Applied Geography 125 (2020) 102326

2

features (natural resources, population, land tenure, etc.) in a spatially 
explicit framework to better understand local needs, activities, per-
spectives, and threats (Chambers, 1994; Cornwall & Jewkes, 1995; 
Brown et al., 2014). Participatory methods vary widely in their appli-
cation and use. For example, participatory maps have leveraged local 
knowledge to identify ecosystem services and areas of conservation 
priority and support delineation of land tenure rights and sense of place 
(Klain & Chan, 2012; Ramirez-Gomez, Brown, Verweij, & Boot, 2016). 
Participatory mapping has also been used to assess potential resource 
conflicts, inform adaptive management, measure value derived and 
threats perceived from local protected areas, and to create a bottom-up 
understanding of land use (Brown & Raymond, 2014; Kalibo & Medley, 
2007; Palomo, Martín-López, Potschin, Haines-Young, & Montes, 2013). 
More recently, participatory GIS (geographic information systems) has 
informed policy for regional landscape planning to preserve cultural 
landscapes, incorporate indigenous knowledge in development, and 
garner public support for landscape management (Engen et al., 2018; 
Ramirez-Gomez et al., 2016; Siswa Sulistyawan et al., 2018). 

Despite the advancements and wide use of participatory methods, 
there are limitations and challenges that remain in both creating 
participatory maps and in linking participatory-based data to other 
sources (Chambers, 1994; Ernst, Biβ, Shamon, Schumann, & Heinrichs, 
2018; Ramirez-Gomez, Brown, & Fat, 2013). Participatory mapping 
methods are often contingent on communities possessing knowledge 
informative to researchers, as well as methods sufficient to elicit this 
knowledge; both steps include sources of error. In particular, concep-
tualizations of space and the integration of externally-sourced maps can 
prove challenging in participatory mapping and may require extensive 
preliminary training (Roth, 2009; Koskinen et al., 2019). Participants 
must employ a significant, and perhaps unfamiliar, level of abstraction 
to situate themselves on externally-sourced maps, which may be a 
difficult new experience (Nackoney, Rybock, Dupain, & Facheux, 2013). 
This challenge of abstracting a participant’s daily activities to a visual 
representation can be compounded within homogenous landscapes that 
offer few points of reference useful in identifying landscape features 
(Cadag & Gaillard, 2012). 

The applicability of participatory maps is further complicated by 
participant and researcher ability (e.g. locally relevant experience, 
mapping expertise, logistical constraints) and integration with external 
data may prove challenging (Brown, 2017; Rambaldi, Kyem, Mccall, & 
Weiner, 2006). Participatory maps that are not properly rendered at 
scale or georeferenced have limited applicability beyond the group that 
created it, and are less likely to be integrated by governments, re-
searchers, or policy makers into future research or management plans 
(Cadag & Gaillard, 2012). Further, the accuracy, precision, and appli-
cability of participatory maps is heavily influenced by who participates 
in the process, making it challenging to distinguish landscape variation 
from participant group variation (Brown, 2017; Mapedza, Wright, & 
Fawcett, 2003; Rambaldi et al., 2006). As such, there is still a need for 
methods that overcome sampling bias, evenly represent different groups 
(e.g., women, immigrants, elders, ethnic groups) within the community, 
efficiently and effectively integrate local knowledge and 
remotely-sensed data, and balance tradeoffs between the different data 
types (Selgrath, Roelfsema, Gergel, & Vincent, 2016; Zaehringer, Llopis, 
Latthachack, Tun Thein, & Heinimann, 2018). 

Here we present a new approach to mapping natural resource 
collection on the landscape, which we term livelihood-resource mapping, 
readily implemented in conjunction with household survey methodol-
ogies, and as a link to remotely-sensed analyses at multiple spatial 
scales. We developed this method to overcome challenges associated 
with sourcing community-level data and accurately combining satellite 
imagery for community or household use. It explicitly considers com-
munity- and household-level variation in natural resource use and aims 
to map human resource use areas onto the landscape. Rather than elicit 
the qualitative resource mapping information typically associated with 
participatory rural appraisal approaches (Chambers, 1994; Cornwall & 

Jewkes, 1995), we match household data on resource use and resource 
place names to areas in the landscape that can be mapped using satellite 
imagery. We pioneer this method as part of a larger study in southern 
Africa where livelihoods are heavily dependent on natural resources and 
where wildlife conservation is a regional priority. Our primary research 
objectives were to (1) use local knowledge to create a map of important 
natural resource collection and use areas and (2) assess spatial variation 
in natural resource use across communities. 

2. Methods 

2.1. Contextual background 

The approach outlined in this paper was integrated with a research 
project aimed at understanding how climate variability and socio- 
ecological conditions interact with and affect household vulnerability 
in a conservation landscape (Gaughan et al., 2019, Salerno et al., 2020). 
We implemented this method in community-based conservation areas 
(CBCs), where local communities have agency to dictate local land 
management. The long-term goal of the CBC structure is to promote both 
human livelihoods and environmental conservation, making CBCs ideal 
locations to investigate the interplay between humans and the envi-
ronment. CBCs often neighbor other types of protected areas in the 
conservation landscape and overlap with regions that are relied on by 
both humans and wildlife (Cumming, Andersson, deGarine-Wichatitsky, 
Dzingirai, & Giller, 2013). To better understand how human activities 
and reliance on the surrounding natural resources may affect environ-
mental conservation or degradation, we sought to find a way to link 
individual households and their resource use with natural resource 
collection areas. 

We initially piloted a more traditional participatory mapping tech-
nique (e.g. Chambers, 2006; Slocum, Wichart, Rocheleau, & 
Thomas-Slayter, 1995) in our study area. We recruited participants with 
the help of a local conservancy, with the goal of representing men and 
women and participants from different villages of different ages. We 
separated participants randomly into two groups. We presented one 
group with satellite (Google Earth) imagery of the landscape and asked 
them to identify areas where they collected natural resources. We asked 
the other group to draw their village and surrounding area, and then 
identify places where resources were collected. We soon learned that the 
homogenous aerial view of the landscape (lacking major roads, topo-
graphical variation, obvious ecological gradients, etc.) made it chal-
lenging for participants to confidently locate boundaries of resource 
extraction areas at a spatial resolution needed for linking to 
remotely-sensed data. Generally, participants were knowledgeable 
about broad areas for specific land use activities (e.g. farming, wildlife 
areas, settlement), but the degree of specificity was not high enough to 
identify the resource collection areas. Further, many of these areas did 
not have hard boundaries. However, participants could confidently 
denote the local name and relative distance to resource collection areas, 
and these pilots confirmed that collecting resource use and resource 
place name information during the household survey would provide the 
necessary data for describing areas on the landscape. Due to these 
challenges, we sought to create a novel methodology that would allow 
for the spatial delineation of natural resource areas without the use of 
satellite imagery. In this new methodology, we could then travel to these 
areas with a community key informant (KI) to verify their location and 
to collect GPS points for linking to satellite imagery, thus mapping 
resource use both quantitatively, and in a novel, precise and in-depth 
way. Not only does this methodology allow for the identification of 
resource areas, but may also provide data that could facilitate future 
identification of resource areas through traditional remote sensing. 

2.2. Study sites 

We implemented livelihood-resource mapping in villages in three 
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CBCs within the Kavango-Zambezi Transfrontier Conservation Area 
(KAZA, Fig. 1). KAZA is the largest terrestrial transfrontier conservation 
area in Africa and an important international tourism destination for its 
member nations: Angola, Botswana, Namibia, Zambia, and Zimbabwe 
(Lindsay, Chase, Landen, & Nowak, 2017). The KAZA landscape is 
composed of semi-arid forests and savannas interspersed with extensive 
wetlands and shrublands (Schultz, Shapiro, Clevers, Beech, & Herold, 
2018). This landscape has highly variable dry and wet seasons and water 
security is dependent on annual rains, making local people vulnerable to 
seasonal flooding and drought (Gaughan & Waylen, 2012). However, 
these regional climatic and rainfall cycles, and thereby the crop yields 
and human livelihoods dependent on them, are likely to be altered by 
global climate change (New et al., 2006; Nkemelang, New, & Zaroug, 
2018). People in this landscape depend on rainfed agriculture for their 
livelihoods and collect natural resources to buffer against low agricul-
tural yields due to marginal farming conditions and extensive crop 
raiding by elephants (Andersson, Garine-Wichatitsky, Cumming, Dzin-
girai, & Giller, 2017; Metcalfe & Kepe, 2008; Salerno et al., 2018). 

The social-ecological system in KAZA comprises a complex landscape 
of multiple land use types, which present different benefits and chal-
lenges to the maintenance of rural livelihoods. The KAZA landscape 
connects 36 protected areas that are embedded within a mosaic of pri-
vately, publicly, and communally owned land. Within communally 
managed lands, common pool resources are accessed by local commu-
nities who rely heavily on subsistence crop and livestock farming as well 
as natural resource harvesting (Chingombe, Pedzisai, Manatsa, Muk-
wada, & Taru, 2015). KAZA’s land uses range from relatively undis-
turbed parks to urban areas, and the area is therefore subject to high 
variation in human impacts (Munthali, Smart, Siamudaala, Mtsambiwa, 
& Harvie, 2018). Within KAZA’s national parks, most natural resource 
collection and human activities beyond tourism are illegal, with 

exceptions for some communities (Hitchcock, Sapignoli, & Babchuk, 
2011; Thondhlana, Shackleton, & Muchapondwa, 2011). Outside of the 
communal lands, which limit human uses within their boundaries, 
human impacts range from resource extraction and farming to 
ecotourism (Metcalfe & Kepe, 2008). We investigated 
livelihood-resource collection in 3 CBCs; Lower West Zambezi Game 
Management Area (LWZ GMA) in Zambia, Chobe Enclave in Botswana, 
and Mashi Conservancy (Mashi) in Namibia; and the (Fig. 1). All three 
study sites are adjacent to national parks and are comprised of a mixture 
of floodplains and forested, dryland areas. 

Zambia’s LWZ GMA is the largest CBC area in our study at 19,300 
km2 and a population of 70,157 people (Department of National Parks 
and Wildlife & Ministry of Tourism and Arts, 2016). LWZ follows the 
Zambezi River and is bounded by Namibia to the south, Angola to the 
west, the Upper West Zambezi GMA to the north, and unprotected lands 
across the Zambezi River to the east. We limited our study to five 
communities within the Sesheke West Community Resources Board, one 
of the LWZ GMA’s two administrative units. The area of the Sesheke 
West Community Resource Board is more comparable in size to our 
other study sites and is administered by a single body, making it an apt 
comparison with the other CBCs. Three of these communities (Kaale, 
Lusu, Kalobolelwa) were located on the banks of the Zambezi river and 
the remaining two communities (Kapau, Makanda) border Sioma 
Ngwezi National Park. 

Chobe Enclave is located in Northern Botswana and encompasses 
2990 km2 with a human population of 4108 based on latest Census data 
(Central Statistics Office & United Nations, 2011; Stone, 2015). The 
conservancy is bounded by the Chobe River and Namibian border to the 
north, Chobe National Park to the southwest, and the Chobe Forest 
Reserve to the southwest. Three communities within Chobe Enclave 
(Kachikau, Kavimba, Muchenje-Mabele) occur on the sandy southern 

Fig. 1. Study area highlighting the KAZA boundary and protected areas, (A) Lower West Zambezi game management area, (B) Chobe Enclave, and (c) Mashi 
conservancy. 
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dryland escarpment that borders the Chobe Forest Reserve and two more 
(Parakurungu, Satau) occur within the Enclave’s extensive central 
floodplain zone. 

Mashi is a 297 km2 conservancy in the Eastern Zambezi Region 
(formerly known as the Caprivi Strip) of Namibia that was established in 
2003 (Fig. 1). Mashi is bounded by the Kwando River to the west and the 
conservancy abuts two national parks (Bwabwata and Mudumu), the 
Botswana border, and the Mayuni conservancy. Five village areas, with 
a total human population of approximately 2,200, occur within the 
conservancy, three of which lay close to the Kwando river floodplain 

(Lizauli, Namushasha, Ngonga) while two are located in upland forests 
(Sachona, Lubuta; Kanapaux & Child, 2011). 

2.3. Ecological landscape 

KAZA is a dynamic matrix of shrub and tree-dominated savanna, 
complex river systems, wetlands, and grasslands. As such, many 
important natural resources in the region are not evenly distributed 
across the landscape. For example, grapple, also known as devil’s claw 
(Harpagophytum spp.), is a medicinal plant used locally and 

Fig. 2. Flowchart of the main steps taken during data collection for household surveys and livelihood-resource area mapping.  
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commercially for treatment of a wide range of diseases (Stewart & Cole, 
2005). While widely distributed across the KAZA region, locally, it has a 
clumped, patchy distribution driven by competition with grasses and 
response to heavy grazing (Hachfeld & Schippmann, 2002; Stewart & 
Cole, 2005). Similarly, wetland-dependent resources, such as reeds, are 
only available to households in some communities because of their 
limited distribution. Beyond the ecological factors that influence 
resource distribution, anthropogenic activities, such as farming and 
landscape fragmentation, and the large elephant populations that call 
KAZA home, have significant impacts on the availability and distribu-
tion of vegetation and natural resources (Fullman & Bunting, 2014; Reid 
et al., 2000; van Aarde & Jackson, 2007). Understanding variation in 
resource distribution and availability across the study area provides 
important context for understanding how communities use the land-
scape for resource collection. 

2.4. Household surveys 

Before engaging in any research, protocols were approved following 
recognized codes of conduct by both community and traditional au-
thorities (Fig. 2) (Bernard, 2006; Ibbett & Brittain, 2019). All human 
data collection adhered to ethical standards that were reviewed and 
approved by the University of Colorado Institutional Review Board 
(#16–0126). Protocols included gaining verbal informed consent from 
all participants prior to research activities. Participants were assured 
anonymity. Researchers introduced the project and gained permission to 
conduct activities at higher levels of authority (e.g., national research 
councils, KAZA Secretariat, Traditional Authorities, Council Chiefs) as 
well as from local authorities in each community. We conducted all field 
work (household surveys along with the subsequent resource mapping) 
between May and July, in the dry seasons of 2017 and 2018. 

Additionally, members of the traditional authority performed in-
troductions of our project and personnel in each community to increase 
local acceptance of our project. We consulted with conservancy land 
managers, traditional authorities, village leaders, and sub-village rep-
resentatives to ensure the relevance of our survey instrument and to 
identify suitable research assistants. We conducted household surveys to 
measure livelihood capitals (economic, human, natural, physical, so-
cial), demographics, food security, and health as part of an integrated 
human-biophysical framework to quantify vulnerability and change. 
While conducting household surveys, we incorporated livelihood- 
resource mapping to provide fine-scale data on local natural resource 
use. 

We sampled the five villages in the Sesheke West portion of the LWZ 
GMA and all five villages within Chobe Enclave and Mashi. These vil-
lages were roughly evenly divided between floodplain and dryland areas 
within each CBC. Villages had social boundaries based on traditional 
authority structures and we consulted with the village headman 
(induna/kgosi) to determine approximate village boundaries before 
setting our sampling protocol (Fig. 2). We defined households within a 
village as a single house or a cluster of buildings that utilized a single 
cooking fire and were often enclosed by a thatch fence (lapa). Using 
estimates of village populations obtained from the induna/kgosi or 
census data when available, we created a stratified area sample frame 
for each village. Most villages were centered around a densely populated 
core area with less dense clusters of households radiating from the 
village center. We stratified our sampling effort in proportion to the 
number of households in the core area versus in satellite regions to 
minimize potential bias associated with spatial clustering in the house-
holds. To ensure that 48 surveys were conducted in each village area, we 
surveyed every nth household, depending on the total number of 
households provided to us by village leaders. Beginning in the center of 
the village area, we followed arterial roads or paths extending outward 
and surveyed every nth household after selecting the first surveyed 
house on the basis of a random number between 1 and n. If an adult 
representative was unavailable, enumerators revisited the household 

twice more before surveying an adjacent household instead. Research 
assistants recruited from within each respective conservancy adminis-
tered the surveys orally in the primary language spoken within the 
household (Silozi, Subiya, Tswana, Thimbukushu or Fwe). Research 
assistants all possessed a secondary education and did not conduct 
surveys in their home village. 

The survey instrument contained questions about food security, 
household livelihoods, household demographics, employment, and 
human-wildlife conflict. Specifically, it included a detailed section 
relating to a wide range of natural resources, with amounts collected, 
travel time, mode of travel and place names, as follows:  

● “Did you collect any of the following natural resources during the 
wet/dry season in the past 3 years?” Listed resources were firewood, 
thatching grass, building poles, fish, reeds, palm leaves, medicinal 
plants, and fruits and vegetables.  

● “[What is the] Name of the main area where you usually collected 
[the resource] in the wet/dry season in the past 3 years?”  

● “How do you usually travel there (walk, cart, canoe, etc.)?”  
● “Time taken to get to the area”  
● “Total quantity gathered during the wet/dry season since this time 

last year” 

Respondents reported the quantity of resources that they collected in 
units familiar to them, such as bowls or wagon loads. These units are 
common and relatively standard across communities and were later 
converted into kilograms using conversions provided by key informants. 
Estimates of mass were not collected for the quantity of grass grazed by 
livestock or water collected. 

2.5. Resource area mapping 

After completion, household survey responses were entered into a 
database. We aggregated and post-coded all resource area names and 
associated resource types reported by respondents from each village 
area. To reduce errors of omission and commission, we consulted with 
survey enumerators to confirm the existence of resource areas names 
provided and removed redundancies of resource names. We counted the 
number of times each resource area was mentioned in the surveys and 
ranked the areas by these numbers to prioritize mapping of the most 
frequently used areas. At this stage, we also filtered out any reported 
areas that referred to overly general areas or locations around the 
household (e.g. ‘in the bush’ or ‘in the village’). We then cross- 
referenced these area lists with an area induna/kgosi or KI familiar 
with the resource areas to confirm that no important resource areas had 
been omitted. Next, accompanied by the KI, we traveled to each named 
resource area to collect GPS waypoints along all accessible boundaries of 
the area (Fig. 2). We also opportunistically mapped resource areas that 
were not listed in household surveys that KI’s identified as important for 
community resource collection. Within the resource area, we also 
collected waypoints at points of interest, such as water pans or sites of 
obvious natural resource harvesting (e.g. felled trees, etc.). Where 
resource areas were too large (e.g., >10,000 ha) or impassible to vehi-
cles (e.g. extensively flooded areas or dense bush), we logged multiple 
reference points - noting the distance, bearing, and proximity to physical 
features of the boundary - so that we could later triangulate the area’s 
boundary using satellite imagery. If our KI was unfamiliar with a 
resource area, we identified a second KI within the community to assist 
in the mapping of that resource area. Note that we mapped all accessible 
resource areas that were reported, regardless of location (e.g. within or 
beyond the established boundaries of CBCs or communal lands). 

We digitized resource area boundaries in ArcMap 10.5 (ESRI, 2011). 
For each resource area, we first identified any unvisited borders using 
field notes and reference waypoints. We then delineated resource area 
polygons by connecting existing border waypoints with the newly 
identified, unvisited borders. When constructing these polygons, we 
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attempted to follow natural features in land-cover, such as forest edges, 
roads, or drainages, where these were more obvious. In instances when 
notes about boundaries did not obviously align with physical features, 
we constructed resource area polygons to incorporate the minimum area 
that satisfied all other recorded notes and waypoints (Fig. 3). 

Following completion of the household survey data entry and 
resource area mapping, we recorded the number of individual house-
holds that reported visiting a resource area. We combined and sum-
marized household survey data to create metrics of use for each 
identified resource area including:  

● Number of households utilizing each resource area  
● Number of resource areas utilized by each household  
● Type and amount (in kg) of resource extracted in the wet and dry 

season 

3. Results 

3.1. Livelihood resource areas 

We mapped a total 214 resource areas across 3 countries derived 
from 726 household surveys; 77 in Zambia, 53 in Botswana, and 84 in 
Namibia (Table 1, Fig. 4). The total area of all resource areas is 1117 
km2; 789 km2 in Zambia, 231 km2 in Botswana, and 97 km2 in Namibia. 
In Zambia, the resource areas ranged in size from 0.046 km2 to 174 km2 

(the largest resource area we mapped, referred to as “Tiki”). In 
Botswana, they ranged in size from 0.007 km2 to 63.8 km2. In Namibia, 
they ranged in size from 0.002 km2 to 17.3 km2. Resource area size can 
be explained by a number of factors. First, homogeneity of the landscape 
requires larger extents in order for rare resources to be found in suffi-
cient quantities, or for a greater diversity of resources to be found. In 
Botswana and Namibia, savanna woodlands, floodplains and river sys-
tems are much closer together than in Zambia. At the same time, pop-
ulation densities and the land available to the communities are also 
factors. 

Botswana has the greatest average number of households using each 
resource area and the greatest average number of resource areas 
accessed per household (Table 1). The resource area with the greatest 
number of households reporting use (38) is also in Botswana, repre-
senting use by 16% of households surveyed. Zambia, in contrast, has the 
highest average resource collection at the resource area and household 
level, with an average of 9033 kg collected per resource area and 2117 
kg collected per household (Table 1). On average, people spend the 
greatest amount of time traveling to resource areas in Botswana (79 
min) and the least amount of time in Zambia (52 min). 

3.2. Resource collection 

The resource areas represent collection of fourteen resource types; 
timber poles, firewood, edible and medicinal plants, fish, birds and 
mammals, grapple, livestock grazing, livestock watering, mud, palm 
leaves, reeds, thatching grass, and water lily bulbs. On average, house-
holds collect 3 or 4 different types of resources. The most commonly 
collected resources are firewood (97% of households), thatching grass 
(63% of households), and edible plants (43% of households). All 
resource areas but one are used by households in two or fewer com-
munities. The exception is one resource area in Botswana used for 
collection of reeds by households in four communities. 

4. Discussion 

By mapping natural resource areas in conjunction with household 
surveys, we developed a systematic method for leveraging local per-
spectives to create a map of community use of the landscape. The maps 
and associated data helped us visualize differences in resource areas 
across the three studied communities/countries in KAZA. We found that 
natural resource extraction, as measured by total amount gathered per 
resources area and per household, was highest in Zambia, which also 
had the most resource areas. This may reflect Zambia’s above average 
natural resource dependence and population density when compared to 
other countries in the region (Bwalya, 2011; Gylfason & Zoega, 2006; 
Sachs & Warner, 2001). Conversely, Botswana had the highest average 
household use per resource area, providing another indicator of 
extraction pressure. This may be the result of a history of government 
management and privatization of natural areas and exclusion of local 
communities (Blaikie, 2006). In Namibia, communities used the smallest 
resource areas and collected intermediate amounts of natural resources. 
It is worth noting that the averages and standard deviations we present 
demonstrate the great variability in resource collection at the household 
level. In Zambia, for example, there is both high average resource 
collection and a large standard deviation; some households collected 
1–2 kg while others collected over 10,000 kg. Households that gather 
large amounts of resources each year may mask the overall measure of 
natural resource dependence at the community or country level. Further 
work is necessary to identify the spatial footprint of these 
super-collectors relative to average households. Such spatially-explicit 
data on community- and country-level variation in natural resource 
use is valuable for understanding regional-scale trends and informing 
policy and management decisions in KAZA in the future (Andersson, 
deGarine-Wichatitsky, Cumming, Dzingirai, & Giller, 2017). 

We are also able to begin to make inferences about why communities 
use the landscape in the ways they do. Future integration with land- 
cover and land-use maps will allow us to explain both the “where” 
and the “why” of landscape use. For example, for resources with con-
strained distribution (e.g. fish, water lilies), many households reported 
collection in the same resource areas. This information can be used by 
communities to identify which specific aquatic regions are most 
important for supporting livelihoods and has implications for sustain-
able management of natural resources (Sandström et al., 2003; Skid-
more, Bijker, Schmidt, & Kumar, 1998). Further, by utilizing 
socio-economic household data, we can investigate which household- 

Fig. 3. Sample resource area digitization. We recorded three waypoints while 
mapping the Rontoro resource area in Botswana; the southern area edge 
bounded by trees at a heading of 260◦ at waypoint 315, the northeastern 
resource area edge bounded by palm trees ~3 km away at 45◦ at waypoint 316, 
and the northwestern resource area boundary at the river at waypoint 317. The 
northwestern and southern boundaries of Rontoro were created using these 
notes (bearings from each point visualized by white arrow). The eastern 
boundary was formed by tracing the visible drainage that most directly con-
nected the points where we had recorded notes or waypoints. Notably, esti-
mated distances were almost always significant overestimates when compared 
to aerial imagery. 
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and community-level factors influence fine-scale resource use and which 
households are most likely to be vulnerable to perturbations in the 
landscape. The pairing of resource collection and household data may 
inform a broader understanding of the KAZA social-ecological system 
and could be used to explore how natural resource usage impacts 
community livelihoods (Cadag & Gaillard, 2012; Folke, 2006). 

Despite the value of the data gathered through this method, we faced 
several challenges that bear discussion. This method of resource map-
ping is labor-intensive and requires the ability to quickly move between 
households, communities, and various resource areas. In some instances, 
we couldn’t successfully map resource areas due to flooding and road 
blocks, or the absence of roads for resource areas typically accessed by 
communities solely on foot. For those resource areas we did access, 
identifying and validating the boundaries was often difficult. Estimating 
distance in the field proved challenging, even for individuals very 
familiar with the area, and distance estimates often did not match aerial 
imagery. However, these inaccuracies in distance estimations only 
reinforce the benefit of physically visiting resource area boundaries. 
Additionally, the distant border of a resource area may be unknown to 
most households that access it or variable depending on environmental 
conditions. More commonly, resource areas do not always have finite 
boundaries and have different shapes in different people’s minds. It begs 
the broader question, should these resource areas be envisioned as 
sharply bounded polygons? Perhaps future resource mapping and 
participatory mapping efforts can borrow from other fields to yield a 
more dynamic interpretation of a resource area. For example, ecologists 

use a variety of methods to estimate the “home range” of individuals, 
relying on data associated with presence, absence, intensity of use, and 
other factors (Boitani & Fuller, 2000; Worton, 1987). These data allow 
the delineation of regions with core areas of use, and relative probability 
of use and could potentially be applied to this method through incor-
poration of resource collection data. Such a method would allow us to 
distinguish between areas of high and low use while creating a more 
fuzzy boundary of the resource area itself. 

More broadly, this method serves only as a foundation for identifying 
and delineating patterns of resource use across the landscape. We did 
not explicitly measure resource availability and quality (which may 
explain some of the patterns observed) within resource areas and how it 
may vary across CBCs or countries. Additionally, converting the amount 
of resources gathered to mass enabled us to compare collection effort 
between households, but may be less meaningful when comparing 
across different resource types. However, using the products derived 
from this research, we can further investigate natural resource use and 
extraction pressure in the context of ecological and environmental 
dynamics. 

While these challenges and limitations should be taken into consid-
eration when applying this method elsewhere, our household-level 
research design enabled us to effectively and efficiently map local 
resource areas throughout KAZA. These data will be incorporated into 
multi-scalar analysis of livelihoods, climate, and land systems dynamics 
that will identify interactions of biophysical and social conditions 
associated with household vulnerability and environmental change. 

Table 1 
Summary statistics for all resource areas and households by country. Average values (standard deviation) are displayed where applicable.  

Region Resource 
Areas 

Average Perimeter 
(km) 

Average Area 
(km2) 

Households/ 
Resource Area 

Resource Areas/ 
Household 

Average Collected/ 
Resource Area (kg) 

Average Collected/ 
Household (kg) 

Zambia 77 11.2 (9.7) 10.2 (23.2) 3.2 (7.4) 2.2 (1.0) 9033 (25,162) 2117 (9658) 
Botswana 53 7.3 (8.1) 4.4 (10.1) 5.8 (8.5) 2.6 (1.4) 907 (1351) 180 (370) 
Namibia 84 3.6 (4.5) 1.2 (3.0) 3.3 (5.2) 2.5 (1.2) 2145 (5084) 354 (1080) 
Total 214 7.3 (8.3) 5.22 (15.3) 3.8 (7) 2.4 (1.2) 4095 (15,213) 907 (5772)  

Fig. 4. Livelihood resource areas mapped in (A) Zambia, (B) Botswana, and (C) Namibia and the number of households that reported using each area. Resource areas 
with zero households were those mapped opportunistically. 
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4.1. Methodological experiences and comparison to other participatory 
mapping 

To summarize our mapping process, we have identified several key 
advantages of our methodology: 

Accessing spatially explicit community level knowledge: Because the 
conservancy boundaries are a management tool established at gover-
nance levels higher than the communities, it is not surprising that most 
households do not access the entire area of the conservancy landscape. 
These landscapes are vast and hard to access, particularly since most 
households lack transport. Instead, households tend to focus on just 
those areas closer to their homesteads or where ecosystem conditions 
favor specific resources of interest (e.g., reeds on floodplains). However, 
the pooled spatial knowledge from hundreds of household survey re-
sponses allows for a broader and more complete picture of resource 
interests and use. Importantly, traditional participatory mapping efforts 
are often bounded with researchers/experts defining the area to be 
mapped, or regions of interest/priority (Basupi, Quinn, & Dougill, 2017; 
Brown, 2017; Levine & Feinholz, 2015). In contrast, beyond the previ-
ously identified households and communities, we mapped any and all 
accessible sites identified by participants. Using this method, we did not 
constrain our measures of resource use to a priori areas of interest, and 
allowed resource users to directly define areas of relevance. This method 
provides a more explicit spatial representation of human activities on 
the landscape and generates a more realistic footprint for human use and 
reliance on surrounding natural resources than might be obtained from 
focus groups or key informants alone or by limiting research to a single 
portion of the landscape. 

Quantitative evaluation of landscape use: Our method quantitatively 
evaluates landscape use. Often, particularly in rural and low- and 
middle-income country contexts, participatory mapping focuses on 
assessment of generalized use and perceived value of areas on a land-
scape. Participants are asked what parts of the landscape are used, how 
they are used, and if and how they are important in terms of ecosystem 
services, including food provisioning, recreation, aesthetics, etc. (Bijker 
& Sijtsma, 2017; Blake, Augé, & Sherren, 2017; Weyer, Bezerra, & De 
Vos, 2019). It is less common for participants to explicitly quantify use, 
behavior, or extraction patterns, as our research has. This quantitative 
data enables a more accurate integration of household data, land-cover 
and land-use change data, and ecological and environmental data. 

Integration of multiple data types: By incorporating survey research 
into our methodology, we were able to leverage a large sample size for 
our study, as is typical of other, quantitative participatory GIS (PGIS) 
studies (Brown et al., 2014). However, by decoupling mapping from our 
household surveys, we were able to maintain a large sample size without 
sacrificing the accuracy of our mapping effort. Perceptions of the 
boundaries of an area can vary greatly within a community and are not 
always accurate, requiring multiple community members to map an area 
before a consensus on boundaries is achieved (Chingombe, Pedzisai, 
Manatsa, Mukwada, & Taru, 2015). Brown and Pullar (2012) recom-
mend using at least 25 respondents to achieve reliable convergence 
when mapping polygons. However, each resource area in our study was 
only identified by ~4 households, which would likely have resulted in 
poor agreement between community members had they attempted to 
identify resource area boundaries on a map. As such, traditional PGIS 
mapping methodologies would have produced poor results in our sys-
tem. By pairing survey research and on-the-ground mapping, our 
methodology circumvents these issues and allows for the efficient 
sourcing of community knowledge and the accurate mapping of 
resource locations. 

Additionally, utilizing high resolution satellite imagery during the 
mapping process allowed for the creation of polygons without having to 
walk the entire resource area boundary. As many polygon boundaries 
were physically inaccessible, leveraging this imagery provided a prac-
tical way to combine recorded waypoints and identified place names 
into polygons. Though this stage of data integration likely introduced 

some uncertainty into our final polygons, it proved to be an effective 
way to produce polygons for inaccessible resource areas. Through the 
combination of household place names, in-person visits, and remotely- 
sensed imagery, we were able to compensate for the deficiencies in 
each data type alone, namely the linking of local names to satellite 
imagery, the inability to identify resource areas from satellite imagery, 
and the difficulty of visiting all boundaries on the ground. 

Identification of resource area boundaries: The integration of 
resource location and distance information in the survey provided 
triangulating evidence that increased our confidence in the spatial 
extent of areas on the landscape used for resource extraction. While we 
acknowledge that exact boundary lines for these resource areas may 
appear somewhat arbitrary, it is also likely that boundaries are fuzzy, 
and that formal and fixed lines do not exist. That is, from a householder 
perspective, the boundaries are related to ecological features and 
resource presence or absence and not geographic coordinates, and the 
former may shift from time to time. This method allows for the esti-
mation of resource area boundaries, despite their shifting nature, which 
are necessary for spatial analyses of natural resource use across scales. 
Additionally, boundaries are critical for establishing management policy 
(eg. limiting resource extraction, establishing buffers around protected 
areas, prioritizing fire management regimes). Combining resource in-
formation in household surveys with on-the-ground field visits to 
resource areas provides a much more robust spatial representation of 
land-use within a CBC area. In addition, even with a degree of uncer-
tainty, the identification of resource use areas provides a vital link for 
remotely-sensing analyses, at a variety of potential spatial scales, to 
household level metrics from the surveys. 

Generalizability: This methodological framework is easily applicable 
to different habitats, resource types, and communities. We successfully 
implemented it in three countries and believe that it would be an 
effective methodology to extend to rural mapping projects globally, 
allowing for quantitative landscape use mapping in regions where it is 
less commonly done. This robust methodology allows for replication 
across regions and produces data that allows local-scale features to be 
linked with broader-scale spatial datasets (e.g. satellite derived imagery, 
climate metrics). Indeed, the genesis of this methodology was to link 
satellite data (e.g. CHIRPS, TARCAT, LANDSAT) to households and to 
identify leverage points where climate and environmental vulnerability 
could be addressed at local scales. 

A supplement to traditional participatory mapping: While partici-
patory mapping is typically conducted to understand resources and 
landscape values from different perspectives in the community, our 
approach sought to promote a more holistic and unbiased overview of 
the distribution of resources across the landscape, as well as the ability 
of households to access those resources. By combining our data with the 
outputs from the initial participatory mapping exercises, we were able to 
develop a sense of the landscape that is both broad and in-depth. By 
supplementing traditional mapping approaches, we were able to delin-
eate a much larger, more clearly defined portion of the landscape than 
by using traditional participatory mapping methods alone. 

5. Conclusions 

In our ongoing efforts to link people and pixels, we integrated 
methodologies in a novel way to map local resource use in a threatened 
conservation landscape. With the help of community members and by 
eliciting readily available knowledge, we created a method that pushes 
beyond traditional participatory methods to explicitly highlight the 
extended footprint of people’s use of resources in a landscape. Our 
method supplements standard participatory mapping by creating accu-
rate results that can be readily integrated with remotely-sensed data and 
draws upon knowledge representative of the community. Livelihood- 
resource mapping provides a systematic method for linking on-the 
ground expertise with global-scale data and has potential applications 
for communities across the world. 
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