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RESEARCH ARTICLE 

Participatory Mapping with High-resolution Satellite Imagery: 

A Mixed Method Assessment of  Land Degradation and  

Rehabilitation in Northern Burkina Faso 

COLIN THOR WEST  

ELISABETH KAGO ILBOUDO NÉBIÉ 

AARON J. MOODY  

ABSTRACT 

Sahelian West Africa is a region that has high population densities and that has frequent severe droughts and enormous pressure on 

natural resources. Because of these challenges, it is the place where the term desertification was originally coined. Recently, however, ex-

perts have identified large zones of greening where the amount of vegetation exceeds what one would expect based on rainfall alone. This 

pattern is well documented, but its mechanisms remain poorly understood. This research employs participatory mapping linked with 

high-resolution satellite imagery to better understand the human role behind regional vegetation trends. Through a case study of three 

communities in northern Burkina Faso, this paper presents a pilot methodology for explicitly mapping perceived areas of both land deg-

radation and rehabilitation. Combining participatory mapping exercises with standard image classification techniques allows areas of 

land degradation and rehabilitation to be precisely located and their extents measured for individual communities and their surrounding 

terroirs. Results of the spatial analysis show that the relative proportion of greening and browning varies among communities. In the 

case of Sakou, nearly 60 percent of its terroir is degraded. While in another, Kouka, this is 48 percent. This method also elicits per-

spectives of Burkinabè agro-pastoralists on the local land-use practices driving these twin environmental processes. Altogether, this case 

study demonstrates the analytical power of integrating ethnography and high-resolution satellite imagery to provide a bottom-up perspec-

tive on social-ecological dynamics. 

INTRODUCTION 

 

The Sahel is a wide semi-arid band that stretches 

across Africa. It literally means shore in Arabic, and it 

forms the transition zone between the Sahara Desert 

to the north and wetter Sudanian savannas to the 

south. The Sahel was once synonymous with desertifi-

cation, and the term was first coined in reference to 

this region (Charney 1975). Severe droughts in the 

1970s and mid-1980s affected the region severely and 

caused some of the worst famines of the 20th century 

(Franke and Chasin 1980). Experts theorized that 

population pressure and overgrazing drove the south-

ern expansion of the Sahara, giving rise to the concept 

of desertification (Charney 1975) and bringing re-

newed international focus on the Sahel, its people, 
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and environments. Desert expansion purportedly pro-

ceeded at the alarming rate of 5 km per year (see Swift 

1996).  

 

A series of remote sensing studies in the mid-2000s 

sought to better characterize the rate and severity of 

Sahelian desertification. Using a time series of Nor-

malized Difference Vegetation Index (NDVI) data 

derived from satellite images, several research teams 

detected just the opposite. Instead of finding an ex-

panding desert, they detected large patches of in-

creased vegetation across the Sahel (Herrmann et al. 

2005; Olsson et al. 2005). This Greening of the Sahel 

(sometimes also referred to as the Re-Greening of the 

Sahel) is now well-established, but its mechanisms 

remain poorly understood (Mortimore 2009). Multiple 

recent analyses have confirmed these patterns, but 

there have been few investigations of what greening 

actually means for people on the ground (see 

Herrmann et al. 2014; Sendzimir et al. 2011).  

 

This study investigates regional patterns of vegetation 

trends in local contexts with rural farmers and agro-

pastoralists in Burkina Faso to better understand its 

social-ecological dynamics and possible “bottom-up” 

mechanisms. A bottom-up approach entails investi-

gating global environmental processes and problems 

from the perspective of the people who are affected 

in terms of their landscapes and land-use practices. 

This is similar to the ethnoecology and situated 

knowledge discussed by Virginia Nazarea (1999) 

whereby ecologists, anthropologists, and indigenous 

swidden agriculturalists can gaze upon the exact same 

forest but interpret its dynamics completely different-

ly. The fieldwork and methods presented here borrow 

from James Fairhead and Melissa Leach's (1996) semi-

nal study of forest-savanna mosaics in Guinea, which 

combined local histories of vegetation change with a 

time-series of remote sensing imagery to question ex-

pert claims of rampant regional deforestation—a 

global environment threat. Like Fairhead and Leach, 

this study assesses land degradation—also a global 

environmental issue—by using the perspectives of 

local resource users as a starting point for the analysis 

of empirical data—high-resolution satellite imagery. 

This bottom-up approach resonates with recent calls 

by anthropologists for less criticism of and more col-

laboration with scientists involved in climate change 

research (Fiske et al. 2014) and in global environmen-

tal change research within the broad context of the 

Anthropocene (Mathews 2020). This is particularly 

salient while anthropologists and physical scientists 

are increasingly integrating their ethnographic, mete-

orological, and other types of data to better under-

stand long-term regional climate trends (Felzer et al. 

2019). 

 

To obtain this ground-based information, researchers 

used rapid participatory-research approaches com-

bined with high-resolution satellite imagery (i.e., sub-

meter and multispectral) to elicit local perceptions. 

Other Sahelian researchers have recently attempted to 

use participatory mapping methods to assess what 

vegetation trends detected in imagery actually mean 

for pastoralists in Senegal using photo-elicitation tech-

niques (Herrmann et al. 2020). Doing so means not 

only collecting empirical data on local perceptions of 

environmental change, but also making local commu-

nities part of the data collection and mapping process 

(Kingsolver et al. 2017). By integrating participant 

perceptions with high-resolution imagery, the method 

presented here is able to render these perspectives on 

rehabilitation and degradation spatially-explicit, for 

which Stefanie Herrmann and her colleagues (2020) 

have advocated.  

 

These participatory workshops were conducted with 

members of three villages in the Commune of 

Kongoussi in northern Burkina Faso on the southern 

fringe of the West African Sahel. For each village, 

there were separate workshops with older males, 

younger males, and women. Thus, nine workshops 

Vol. 22 No. 1 2020 
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took place in total among the three different localities. 

Researchers then obtained three separate satellite im-

ages of each village and their surrounding landscapes. 

The researchers used the workshop data to classify 

the images using a supervised maximum likelihood 

classifier (MLC) to identify areas of greening (i.e., re-

habilitation), browning (i.e., degradation), and unclas-

sified (i.e., neither rehabilitation or degradation; or 

simply null) for each village. This method is synoptic 

and provides for the precise spatial location of green 

and brown patches along with a measurement of their 

spatial extent. The fieldwork and analysis were de-

signed as a pilot study with only three communities 

using standard image processing techniques. Thus, the 

results presented here are preliminary and intended to 

demonstrate the utility of these methods. Nonethe-

less, they indicate the spatial extent of rehabilitation or 

degradation varies among the three communities.  

 

Because of the satellite imagery’s high resolution, par-

ticipants were able to identify specific land-use prac-

tices associated with both greening and browning. 

This elicits local perspectives on the bottom-up pro-

cesses driving vegetation change. These provide in-

sights on the observed patterns of land degradation 

and rehabilitation to explain why the extent of each 

varies across village lands. Altogether, this innovative 

use of high-resolution satellite imagery, participatory 

mapping, and image-processing techniques show that 

local patterns of greening and browning form patchy 

mosaics in these social-ecological landscapes. Integrat-

ing ethnography with imagery provides explanations 

for the processes driving these patterns, and that 

greening and browning are due to both natural and 

anthropogenic drivers. 

 

REMOTE SENSING AND  

ENVIRONMENTAL ANTHROPOLOGY 

 

Environmental ethnographies on conservation (West 

2006), deforestation (Tsing 2005), and land conflicts 

(Escobar 2008) rely primarily on narratives that de-

scribe how global capitalism drives environmental 

degradation. These studies provide rich and detailed 

accounts of how the interests of external institutions 

and local actors intersect in a particular place, but we 

know little about the extent, rate, or severity at which 

these processes occur. As Orr et al. (2015) point out, 

cultural anthropologists rarely have long-term datasets 

that permit analyses of such biophysical environmen-

tal change over time. If available at all, these data tend 

to be very locally place-based and discontinuous. Re-

motely-sensed satellite imagery can fill in these gaps 

by providing repeat data over long time periods over 

large areas (Moran 2010). In fact, time-series analyses 

using many different forms of imagery and aerial pho-

tos have profound implications for understanding 

both the spatial and temporal dimensions of environ-

mental change across subfields in anthropology 

(Anemone and Conroy 2018). 

 

Integrating ethnography with remote sensing (RS) can 

yield insights on the social processes driving environ-

mental change (Guyer et al. 2007). Doing so has al-

lowed anthropologists to examine entrenched narra-

tives on environmental degradation such as deforesta-

tion (Fairhead and Leach 1996), rangeland destruction 

(West and Vásquez-León 2008), and coral reef bleach-

ing (Stoffle et al. 1994). In most cases, ethnographic 

fieldwork and remote sensing analyses are performed 

separately but in parallel by interdisciplinary teams, 

which results in distinct interpretations of causality 

(Harnish 2014). When ethnography and remote sens-

ing are integrated from the beginning and throughout 

the research process, the methods complement one 

another and can lead to novel insights neither alone 

could have discerned (Jiang 2003).  

 

To date, however, ecological anthropologists have 

relied primarily on satellite products with relatively 

coarse spatial resolution. Of these, Landsat imagery is 

the most popular and is available at no cost. Begin-

West, Nébié, & Moody / Land Degradation in Burkina 
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ning in 1982, Landsat 4 Thematic Mapper (TM) has 

featured a pixel resolution of 30 m by 30 m, which 

has allowed experts to assess the human role in Ama-

zonian deforestation (Brondizio and Moran 2012) and 

land degradation in Mongolia (Jiang 2003), to com-

pare deforestation patterns between West African 

contexts (Nyerges and Green 2000), and to examine 

many other environments around the world. The spa-

tial resolution of Landsat imagery, however, limits the 

investigation of many anthropogenic processes that 

are practiced at small, or very localized spatial scales, 

such as tree-planting or field fallowing. These are too 

fine to detect with 30 m pixels—especially in rural 

marginal agricultural landscapes (Turner 2003).  

 

Higher resolution imagery such as SPOT (2.5 m to 10 

m) can discriminate among individual fields, clumps 

of trees, and settlements, which can make stronger 

causal relationships between human land-use and veg-

etation to be drawn (Guyer et al. 2007). In their cele-

brated work Misreading the African Landscape, James 

Fairhead and Melissa Leach (1996) definitively 

demonstrated the relationship between forest growth 

and human settlement using SPOT imagery. Islands 

of forest were readily apparent in a savanna matrix 

with villages at their center. With very high-resolution 

(i.e., sub-meter) satellite imagery, one can not only see 

the forest from the trees, but also discern the individ-

ual trees within a forest.  

 

Cultural anthropologists have begun taking advantage 

of the enhanced analytical power of high-resolution 

imagery to map isolated indigenous communities in 

Amazonia (Kesler and Walker 2015), predict rural 

household wealth in Kenya (Watmough et al. 2019), 

and assesses urban forest change in Baltimore (Ogden 

et al. 2019). As discussed below, these fine-grained 

data allow researchers and project participants to bet-

ter observe patterns and understand processes be-

cause anthropogenic features and vegetation are clear-

ly visible.  

SAHELIAN GREENING AND REMOTE 

SENSING 

 

At a much coarser spatial resolution and greater ex-

tent, satellite images from Advanced Very High Reso-

lution Radiometer (AVHRR) and Moderate Resolu-

tion Imaging Spectroradiometer (MODIS) (at 1 km – 

8 km spatial resolution) indicate increasing greenness 

over large areas of the Sahel since the mid-1980s 

(Herrmann et al. 2005; Olsson et al. 2005). The Nor-

malized Difference Vegetation Index (NDVI) is the 

most common indicator of greenness used in these 

analyses:  

 

NDVI = NIR – R/NIR + R 

 

where NIR = near infrared and R = red reflectance. 

Normalized Difference Vegetation Index ranges from 

-1.0 to 1.0 and is positively correlated to the amount 

of standing foliar biomass. Using coarse resolution 

(i.e., 8 km X 8 km pixel) data to measure Normalized 

Difference Vegetation Index, Herrmann et al. 

(2005:399) detected large spatially coherent areas that 

exhibit enhanced "greening" in many distinct regions 

of Sahelian West Africa. One of these regions lies in 

northern Burkina Faso where fieldwork for this pro-

ject took place. This same greening hotspot in north-

ern Burkina Faso has persisted in more recent remote 

sensing studies using similar data and methods (see 

Dardel et al. 2014:359; Stith et al. 2016:77; Ibrahim et 

al. 2015:5479). 

 

The availability of very high-resolution sub-meter sat-

ellite imagery has exploded over the last decade. Col-

lectively, these data now form a continuous global 

surface to observe the environment. With increased 

availability and advances in processing, imagery has 

also decreased in cost and anyone with access to the 

Internet can easily view these data with Google Earth 

for free. Analytical capabilities in Google Earth are,  

however, limited, but individual satellite images can be  

Vol. 22 No. 1 2020 
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relatively low cost. Users can purchase and download 

subsets of image data that spatially conform to their 

area of interest. The minimum area is generally 5 km 

X 5 km (25 km2), which costs approximately 350 

United States dollars. 

 

Most of the higher spatial resolution datasets contain 

both multispectral (MS) data with approximately 2 m 

X 2 m pixel resolution in four bands of the electro-

magnetic spectrum: red (R); green (G); blue (B) and 

near-infrared (NIR), as well as a 0.5 m resolution pan-

chromatic (PAN) dataset in a single broader spectral 

band that spans the green, red, and near infrared 

wavelength regions (i.e., grayscale). Using image-

processing software, these bands can be combined to 

create color maps, visualized, and automatically sepa-

rate features of the landscape into distinct classes.  

 

Most recent assessments of land-use/land-cover 

(LULC) change, desertification, or land degradation in 

Africa’s drylands use moderate-resolution Landsat or 

Moderate Resolution Imaging Spectroradiometer sat-

ellite imagery. The term "land-use" refers to the gen-

eral human-altered purpose for which land is used 

(e.g., agriculture, orchard). The term "land-cover" re-

fers to the general unaltered or undisturbed state of 

land (i.e., forest, wetland, etc.). Landsat imagery has a 

long and continuous temporal record that extends 

from 1972 to the present. It consists of four bands at 

30 m X 30 m pixel resolution. Moderate Resolution 

Imaging Spectroradiometer imagery is available from 

1999 to the present and consists of 36 spectral bands, 

the finest of which are at 250 m X 250 m resolution. 

The spatial resolutions provided by Landsat and Mod-

erate Resolution Imaging Spectroradiometer enable 

the classification of broad land-use/land-cover classes 

such as forest, grassland, bare soil, and agriculture, but 

are too coarse for identifying small-scale patterns in 

settlements, agriculture, and Soil and Water Conserva-

tion (SWC) interventions (e.g., semi-permeable rock 

dams) or individual trees that are relevant for the 

study of highly localized land-use practices associated 

with subsistence agriculture. In contrast, individual 

dams, trees, and other small-scale features are readily 

observable in sub-meter GeoEye and WorldView im-

agery (West et al. 2017). Our study uses such high-

resolution imagery to elicit local perspectives on 

greening and browning and measure the extent of 

each. 

 

STUDY AREA 

 

Burkina Faso is a landlocked country located in the 

Sahel of West Africa. It is a semi-arid dryland where 

rainfall is seasonal. The rainy season begins in approx-

imately June-July and persists until September-

October. There is a strong precipitation gradient be-

tween the wetter south (approximately 1200 mm of 

annual precipitation) and drier north (approximately 

400 mm). Because of this precipitation pattern, the 

country is divided into three bio-geographic zones: 1) 

the southern Sudan; 2) the Sudano-Sahel; and 3) the 

northern Sahel (Somé and Sivakumar 1994). Our 

study zone in the northern Central Plateau region is 

located in the transition zone between the northern 

Sudan and Sudano-Sahel. The Commune of 

Kongoussi lies in an area identified as greening (West 

et al. 2017). Communes are the lowest level of admin-

istration in Burkina Faso and are roughly equivalent to 

counties in the United States 

 

Livelihoods are mixed and diverse, but rain-fed sub-

sistence agriculture is the primary economic activity 

and takes place in the valleys and surrounding slopes. 

Transhumant pastoralism is also practiced along with 

some fishing and extensive dry-season gardening. 

Mossi are the main ethnic group and are historically 

known for practicing extensive agriculture where 

fields were abandoned and left fallow once soils be-

came exhausted (Marchal 1983; Batterbury 1998). 

More recently, however, Mossi rural producers have 

intensified their agriculture by investing in a range of 

West, Nébié, & Moody / Land Degradation in Burkina Faso  
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soil and water conservation practices (Reij et al. 2005; 

West et al. 2016; West 2013). Mossi smallholders—

i.e., household-based subsistence farmers—have grad-

ually integrated animal husbandry into their farming 

and consider themselves full-fledged agro-pastoralists 

(West 2015). Nonetheless, each village is distinct and 

together they reflect variation in the mix of liveli-

hoods and land-use practices. Fieldwork took place in 

three Mossi communities: Sakou (approximately 1,750 

inhabitants), Loulouka (approximately 1,500 inhabit-

ants), and Kouka (approximately 900 inhabitants). As 

seen is Figure 1, Sakou and Kouka lie in a large con-

tiguous cluster of greening pixels while Loulouka lies 

in a cluster of neutral pixels. 

Sakou lies approximately 10 km from Kongoussi 

along a major dirt road. Fields here tend to be large 

and spread out over a large area. Smallholders in Sa-

kou are also agro-pastoralists but tend to herd their 

animals during the day and corral them at night. Agri-

culture is mostly intensive but loosely integrated with 

animal husbandry. Loulouka is a peri-urban village, 

which lies 2 km from the urban population of 

Kongoussi. The population density of Loulouka is 

high, and residents have access to dry-season gardens 

along the shores of a nearby lake—Lac du Bam. Agri-

cultural land is limited because of the lake and nearby 

town. Thus, households tend to practice very inten-

sive agriculture on small parcels and stall-feed their 

Vol. 22 No. 1 2020 

FIGURE 1. Study Region and Maps of Slope of Normalized Difference Vegetation Index-Rainfall Estimate 

Residuals for Burkina Faso and Kongoussi Commune (study sites are indicated by boxes and labeled). 
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animals. Manure from these animals is made into 

compost and added to fields every year. Thus, farming 

and animal husbandry are tightly integrated in Lou-

louka in comparison to Sakou. Last, Kouka is much 

more remote and isolated than either Sakou or Lou-

louka. It lies approximately 15 km from Kongoussi 

along narrow trails next to a low-lying bas fond 

(flood zone) that becomes inundated during the rainy 

season. This means that soils are relatively rich, and 

farmers here rely less on external inputs such as the 

manure used in Kouka. Because of its isolation, how-

ever, some agro-pastoralists have very large cattle 

herds compared to Sakou and Loulouka. This study 

investigates the views of Mossi agro-pastoralists 

across age and gender categories on land degradation 

and greening. 

 

DATA AND METHODS I: PARTICIPATORY 

MAPPING EXERCISES 

 

Consistent with participatory and rapid appraisal ap-

proaches (Chambers 1994), this fieldwork integrated 

remote sensing and qualitative methods to ground-

truth greening and browning. It builds on similar 

methods by Herrmann et al. (2014) in Senegal with 

pastoralists in which the researchers used coarse reso-

lution (8 km X 8 km) satellite imagery. The PI, two 

graduate students from the University of North Caro-

lina at Chapel Hill, and two local field assistants from 

a Burkinabè (meaning: of Burkina Faso) local non-

governmental organization conducted fieldwork over 

two weeks in July 2017.  

 

The local non-governmental organization helped the 

researchers recruit participants from the three differ-

ent villages. These are three communities in which the 

first author, a human ecologist, has worked since 2002 

and with which the non-governmental organization 

has strong collaborative relationships. The mapping 

took place in the offices of the non-governmental or-

ganization in Kongoussi. Institutional Review Board 

permission for fieldwork was obtained through the 

University of North Carolina at Chapel Hill (UNC-

CH IRB #17-3350). 

 

For each village, the participatory mapping exercises 

were stratified by age and gender. Mossi society is 

strongly patriarchal, marriage is patrilocal, and there is 

a strong political hierarchy organized along patriline-

ages (Izard 1985; Izard-Héritier and Izard 1959). For 

these reasons, women tend to have subordinate roles 

and young men are expected to defer to older male 

members. Thus, there were three distinct groups for 

mapping exercises in each village composed of: 1) 

older men (men > 50), 2) younger men (men < 50), 

and 3) women (all ages).  

 

Because of the academic schedule, fieldwork took 

place during the rainy season. Participants were very 

occupied with agricultural tasks and each session was 

limited to approximately 1.5 hours to minimize dis-

ruptions. Each group consisted of six participants and 

there were nine individual mapping exercises with 54 

individuals (3 groups/village X 3 villages = 9 exercis-

es; 9 exercises X 6 persons/exercise = 54 persons). 

 

In each group, the participants were shown a high-

resolution (2 m X 2 m) color satellite image (i.e., vil-

lage map) of their village and its approximate terroir 

(village land-use area). The French term terroir loosely 

corresponds to the bounded use area for a given vil-

lage over which member lineages control access to 

land, collectively manage natural resources, and en-

gage in communal soil and water conservation activi-

ties (Marchal 1983; Batterbury 1996; Bassett et al. 

2007). The image measured 5 km X 5 km (25 km2) in 

area and was printed on a sheet of cloth that meas-

ured 91.44 cm X 91.44 cm. The overall scale was ap-

proximately 1:10,000. The scale and pixel resolution 

was sufficient for participants to easily identify indi-

vidual trees, soil and water conservation measures, 

structures, roads, and other relevant features of the 

West, Nébié, & Moody / Land Degradation in Burkina Faso  
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landscape. Printing on cloth—rather than paper—

enabled the satellite image to be easily transported on 

airplanes and motorcycles to the non-governmental 

organization offices in Kongoussi. 

 

The participatory mapping sessions used a topic out-

line to ensure each was conducted consistently and to 

ensure data integrity and comparability. Initially, par-

ticipants were asked to orient themselves to the image 

and identify key features such as roads, schools, and 

mosques or churches. Once oriented, the PI, students, 

and a local facilitator asked participants to place two 

distinct sets of green and yellow buttons on areas they 

consider either rehabilitating (i.e., greening) or degrad-

ing (i.e., browning). Yellow buttons were selected for 

this exercise because brown buttons did not photo-

graph well since they were not easily distinguishable 

from brown features in the printed satellite image. 

Each group then placed ten greening (green) and ten 

browning (yellow) buttons on the image.  

 

Consistent with the United Nations Millennium Eco-

system Assessment on Desertification (2005), partici-

pants were asked to identify as browning/degraded 

those areas where they perceive a persistent reduction 

in biological and economic productivity in terms of 

the “things that ecosystems provide that matter to 

people” (MA 2005:5). The team provided brief and 

general examples such as: 1) places where there were 

fewer trees, 2) places where crops often failed, 3) plac-

es where animals could no longer browse or graze, 

and 4) others. In terms of greening/rehabilitated, the 

protocol solicited perceptions where the processes 

opposite to degradation were occurring—participants 

were asked to identify areas where there were now 

more trees, crops produced more grain, animals had 

better pasture, etc.  

 

We encouraged participants to actively discuss the 

placement of these buttons to reach consensus. It 

generally took groups approximately five or ten 

minutes to collectively discuss the satellite image, re-

flect on the meanings of greening and browning, and 

begin placing buttons. Following their placement, par-

ticipants explained their decisions and described what 

these regions of greening and browning correspond to 

using indigenous land-use/land-cover categories such 

as zipellé (bare soil), baogo (seasonally flooded agri-

cultural lowlands—bas fond in French), bolé 

(agricultural bottomland) and others (see Batterbury 

1997:102).  

 

Next, participants additionally described the processes 

they felt drive greening and browning. Last, research-

ers asked about the impacts of revegetation and land 

degradation on local livelihoods. Similar research on 

greening in West Africa suggests increased vegetation 

is due to the spread of exotic or invasive tree and 

shrub species that decrease biodiversity, which may 

not be beneficial for local farmers or herders 

(Herrmann and Tappan 2013). This study builds on 

these insights to more broadly ask about the implica-

tions of both greening and browning across social 

groups. 

 

The position of the greening and browning buttons 

on the village satellite image for each group session 

was photographed using a digital camera. This result-

ed in a series of nine total photos across all groups 

and communities. In addition, one graduate student 

took hand-written notes during the participatory map-

ping exercises in order to document farmer responses. 

This same student transcribed the notes into digital 

files and then coded them into broad themes. These 

themes included areas of browning, causes of brown-

ing, impacts of browning, and parallel themes for 

greening. The participatory mapping exercises re-

quired significant translation among English, French 

and the local languages Mooré (Mossi language). The 

researchers opted for written note taking because they 

felt it was less distracting and obtrusive in these infor-

mal contexts. 
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DATA AND METHODS II: IMAGE  

CLASSIFICATION 

 

Using Spatial Analysis within ESRI’s ArcGIS 10.4 for 

Desktop, the high-resolution satellite images were 

classified into two classes based on the positions of 

the buttons placed on the maps: 1) greening—i.e, are-

as in which green buttons were placed, and 2) brown-

ing—i.e., areas in which brown buttons were placed. 

Because the classification used a threshold (discussed 

below), some pixels were also left unclassified—i.e., 

areas that could not be assigned to either greening or 

browning. This was done using the multispectral im-

age, which has a coarser spatial resolution 

(approximately 2 m X 2 m) than does the panchro-

matic image, but which has a higher spectral resolu-

tion of four bands (red, green, blue, and near-infrared) 

as opposed to just one. Although the classifier used 

two classes as input, this method produced three clas-

ses of pixels: greening, browning and unclassified. 

  

The image processing used a supervised classification 

method. Each photographed map with buttons pro-

duced a set of 20 button placements (ten green and 

ten brown). This produced 60 button placements 

(three groups per village) for each village map. The 

positions of buttons, however, frequently overlapped 

across each group for any given village. Thus, there 

were effectively only 40 independent buttons across 

all groups for each village. Hence, 30 of these green 

and brown buttons were used as training data for clas-

sifying each image while the other ten buttons were 

used as testing data for validating the classified image. 

These training and testing buttons were randomly se-

lected using ArcMap 10.4. The area of each individual 

button was treated as training sample data for each 

class. Visually comparing the position of buttons from 

each village map photograph and their relative loca-

tion in the corresponding satellite image allowed for 

the creation of 10-15 greening training areas and 10-15 

browning training areas for each of the three images. 

Using heads-up digitizing (i.e., drawing using the 

mouse cursor on the computer screen), we created 30 

sets of training data for each satellite image. Next, 

these training areas were grown throughout the image 

to classify pixels using a maximum likelihood algo-

rithm. The maximum likelihood classifier (MLC) 

makes use of the spatial patterns of pixels and their 

reflectance in the red, green, blue, and near-infrared 

bands to classify pixels. Based on their proximity (i.e., 

clusters of pixels with similar spectral signatures) and 

the reflectance of these clusters in red, greeen, blue, 

and near-infrared wavelength regions, digital image 

processing classified each pixel as either green or 

brown and mapped them for each satellite image.  

 

In this case, the maximum likelihood classifier used 

pixel values from the button areas used as training 

data to classify the rest of the image pixels into either 

of two predetermined classes: green or brown. The 

MLC assumes a normal distribution of values in the 

red, green, blue, and near-infrared bands for each 

class and calculates the probability that a given un-

known pixel can be assigned to either the green or 

brown pixel class. As an example, green vegetation 

produces high reflectance values in the near-infrared 

band but low values in the red band. Bare soil, on the 

other hand, reflects very little light in the near-infrared 

band but a lot in the red band because most of the 

soil is lateritic (i.e., volcanic and composed of oxi-

dized iron) and therefore red. Thus, the maximum 

likelihood classifier can strongly discriminate between 

green and brown pixels in the near-infrared and red 

bands because the mean values for each class and 

their distributions are distinct. Essentially, the bell-

shaped curves for green pixels and brown pixels 

would appear separate with little overlap in the near-

infrared and red bands.  

 

Without a threshold, however, the classifier will assign 

all pixels to one class or the other. Thus, we selected a 

75 percent threshold for the maximum likelihood 

West, Nébié, & Moody / Land Degradation in Burkina Faso  
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classifier so that some pixels would be unclassified. 

This is because participants did not place buttons in 

some parts of the satellite image and felt these places 

had neither rehabilitation nor degradation occurring. 

The maximum likelihood classifier therefore used this 

75 percent spectral threshold to assign each pixel to 

either class. Any pixels that did not fall within 75 per-

cent of the distribution for either the green or brown 

class across all four bands were left unclassified. This 

meant 25 percent of all pixels for each image obtained 

null values because they could not be assigned to ei-

ther class—i.e., were unclassified or null. 

 

The classified regions of greening and browning were 

then visually compared to the positions of the ten 

green or brown test buttons for each of the three vil-

lages. Each test button could be either: 1) correctly 

classified (i.e., a green test button lying within an area 

classified as green), or 2) incorrectly classified (i.e., a 

green test button lying with an area classified as 

brown. Whether a test button was correctly or incor-

rectly classified was determined for all green and 

brown test buttons and these conditions were entered 

into a table using Excel. This produced a two-by-two 

crosstab of correctly and incorrectly classified green 

and brown buttons for all three villages. Because there 

were a total of only 15 green or brown test buttons, 

there were not enough observations to yield any 

meaningful Chi-square test statistic. Last, the percent-

age of green and brown pixels were calculated for 

each village using Excel to estimate the total area of 

greening/rehabilitated and browning/degraded land 

for each village and its terroir.  

 

RESULTS 

 

Overall, participants in all villages and groups actively 

engaged in the mapping process. Men in their groups 

and women in their groups typically discussed criteria 

for browning and greening among themselves and 

asked for clarification. Then they nominated one 

member to place green and then brown buttons. They 

subsequently re-positioned buttons to achieve consen-

sus among all participants. Within each village, the 

placement of green and brown buttons was remarka-

bly similar across groups (Figure 2).  

 

For the most part, green buttons were placed in areas 

dominated by crops with substantial tree cover. These 

are agroforestry parklands where crops are grown un-

der a discontinuous and scattered canopy of native 

trees (Bayala et al. 2014). These were also commonly 

fields treated with soil and water conservation tech-

niques such as semi-permeable dams and/or 

diguettes (contour stone bunds) (Figure 3A). In 

Kouka, participants additionally associated low-lying 

gallery forests as greening (Figure 3B). Last, residents 

of Kouka and Loulouka identified irrigated dry season 

garden areas as examples of greening (Figure 3C). 

Sites of greening/rehabilitation were mostly dispersed 

and located throughout the terroir of each village. 

In contrast, non-agricultural areas were strongly asso-

Vol. 22 No. 1 2020 

FIGURE 2. Button Placements by Village and Group: 

Sakou (top), Kouka (middle) and Loulouka (bottom); 

Elder men (left), Younger Men (middle) and Women. 
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ciated with browning and land degradation. These 

were commonly large bare patches devoid of vegeta-

tion, which are referred to as zipellé in Mooré (Figure 

4A). Participants also identified elevated rocky out-

croppings as degraded (Figure 4B). In a few cases, 

farmers placed yellow (i.e., browning) buttons in agri-

cultural fields that lacked trees or shrubs and showed 

little vegetation. They explained that these are fields 

that are constantly cultivated, never allowed to rest 

and are becoming zipellé (Figure 4C). Like greening 

areas, sites of browning/land degradation were mostly 

dispersed throughout the terroir of each village. 

 

Participants emphasized that areas of greening or re-

habilation are mostly places they actively manage. In 

the case of agroforesty parklands, these are fields that 

village organizations have extensively treated with soil 

and water conservation techniques. They explained 

that diguettes and dams trap organic matter and make 

their fields more fertile. These interventions are wide-

West, Nébié, & Moody / Land Degradation in Burkina Faso  

FIGURE 3. Land-use Types Associated with Greening. 

FIGURE 4. Land-use Types Associated with Browning.  

https://digitalcommons.usf.edu/jea/vol22/iss1/1 | DOI: https://doi.org/10.5038/2162-4593.22.1.1261



 12 

 

Journal of  Ecological Anthropology 

spread—especially in Sakou—and likewise catch seeds 

from surrounding flora and enable these seeds to ger-

minate and grow. Thus, they pointed out how trees, 

grasses and shrubs are often located along diguettes or 

dams because such plants have spontaneously revege-

tated in those areas of soil and water conservation.  

 

Similarly, some areas of greening are dry season gar-

dens, orchards, or reforestation projects (particularly 

in Kouka and Loulouka). Mango orchards in Sakou 

allow agropastoralists to gain additional income from 

selling fruit. They also feed leftover mangoes to their 

animals to supplement natural forage. Gardens allow 

residents to earn income during the dry season and to 

improve the nutritional status of their households.  

 

Reforestation projects consist primarily of neem 

(Azardirachta indica) and eucalyptus tree plantations, 

which provide termite-resistant wood. Owners of 

these plantations sell trunks and branches of these 

trees for housing construction and tool handles. Fig-

ure 5 shows an area treated with soil and water con-

servation techniques in Sakou in 1992 and 2013. We 

see how tree cover has increased between the two pe-

riods along with soil and water conservation activities. 

There were only a few scattered sites of greening, 

such as gallery forests, that are natural in the sense 

that they are not actively managed by people. Resi-

dents graze their animals in these areas because there 

are water, grasses, and leaves for them to feed on, and 

they are especially shady and cool. Overall, partici-

pants across all groups view greening as positive and 

beneficial. Rehabilitating areas provide men and wom-

en with higher crop yields, tree products, fresh vegeta-

bles, and, sometimes, additional sources of cash. 

  

In contrast, participants mostly identified areas of 

browning or degradation as places that are wéogo 

(French – brousse; English – bush). These are sites 

where people rarely go and which they do not actively 

manage. They emphasized that these are mostly 

hillsides, plateaus, and low hills where residents go to 

collect firewood, hunt wild animals, or collect medici-

nal plants. They explained that a growing population 

puts increased pressure on these resources and they 

become prone to deforestation. Because these areas 

are steep and rocky, no one can replant trees, shrubs 

or grasses, which makes them even more susceptible 

to erosion.  

 

Participants did cite some isolated zipellé patches as 

examples of degradation. In some cases, these are 

zipellé soils where nothing has ever grown and that 

they are naturally bare for edaphic reasons—they are 

completely crusted hardpans or lie along gullies. In 

others, they are soils that have been exhausted by 

continuous use and are never left fallow. Some farm-

ers stated that zipellé are caused by people using too 

much fertilizer that eventually burns the soil. Not sur-

prisingly, people associated areas of browning and 

degradation with negative and harmful ecoystem ser-

vices. They added, however, that some of these are-

as—notably zipellé soils—could eventually be rehabil-

itated with active management and especially soil and 

water conservation. 

 

A goal of this study was to extrapolate from the patch 

data of green and brown buttons to classify the entire 

Vol. 22 No. 1 2020 

FIGURE 5. Aerial Photo of Area Treated with SWC in 

Sakou (1992 – left) and WorldView-2 satellite image 

(2013 – right) Indicating Increase in Tree Cover.  
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landscape. Using the maximum likelihood supervised 

classification and training data discussed above, each 

village terroir was classified into two distinct classes: 

greening/rehabilitated or browning/degraded (Figure 

6). Pixels with spectral values beyond the range of ei-

ther class were left unclassified or null. Comparing the 

classified images to the validation data (i.e., the re-

maining test buttons), less than ten percent (three of 

the 30 test buttons) of all green or brown testing but-

tons did not visually correspond to their respective 

greening or browning classes across all classified im-

ages. Thus, the classification error was minimal and 

deemed acceptable for this case study. 

 

The maps show there are different patterns of green-

ing and browning among the three terroirs. Sakou ex-

hibits a simple dichotomous pattern with just two spa-

tially distinct regions of greening and browning. The 

other two terroirs exhibit more complex and patchy 

patterns where areas of greening and browning are 

interspersed. In the case of Kouka, however, the ma-

trix appears to be mostly greening but interspersed 

with patches of browning. Loulouka is just the oppo-

site—a matrix of browning interspersed with patches 

of greening. 

Across all three villages, the percentages of both clas-

ses likewise varied (Figure 7). Because participants 

were given the same number of green and brown but-

tons to place, the proportion of greening and brown-

ing should be equal—50 percent each. Their particular 

placements could, however, alter these proportions. 

Degradation was most extensive in Sakou where the 

amount of degraded territory (58.1 percent) was over 

twice that of rehabilitating (27.4 percent). This pro-

portion was similar for Loulouka. Kouka, however, 

had approximately equal amounts of greening and 

browning.  

 

DISCUSSION 

 

Combining ethnography with remote sensing pro-

vides several advantages. On the one hand, it allows 

for the analysis of patterns and processes at multiple 

spatial scales. The above section demonstrates how 

one can zoom into individual button placements and 

associate specific land-use or land-cover types with 

either greening or browning. On the other, it allows 

for these distinct points with their unique spectral 

characteristics (red, green, blue, and near-infrared sig-

natures) to be extrapolated over larger areas for which 

West, Nébié, & Moody / Land Degradation in Burkina Faso  

FIGURE 6. Regions of Greening and Browning for Each Village Terroir. 
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we lack observations. A goal of this study was to cal-

culate and map the percentage of greening or brown-

ing for each village terroir. This was accomplished by 

using the buttons as input data to train the maximum 

likelihood classifier. These techniques allow research-

ers to calculate the percentage of greening and brown-

ing community-by-community.  

 

Results show that only one community has equal 

amounts of greening and browning (Kouka). In the 

other two, browning exceeds greening by a factor of 

two. Sakou had the highest amount of land degrada-

tion—nearly 60 percent. Similarly, areas of greening 

and browning are spatially contiguous and form two 

distinct regions in Sakou. Kouka and Loulouka exhib-

ited more complex and patchy patterns of greening 

and browning. These patterns are likely due to each 

village’s local geography and population. Both Sakou 

and Loulouka are more degraded compared to Kouka. 

They also have high population densities and their 

agricultural areas are constrained by valleys, urban are-

as, or lakes. Kouka, on the other hand, has a low pop-

ulation density and is remote, which may explain why 

it is greener because it faces less demographic pres-

sure on its local natural resources.  

  

Integrating ethnography with satellite imagery also 

facilitates the understanding of ecological processes. 

Participants explained why they considered some are-

as rehabilitated and others degraded. For the most 

part, greening is anthropogenic and associated with 

areas people actively manage through soil and water 

conservation, reforestation, or dry season gardening. 

Residents perceive greening as positive and empha-

sized its benefits: improved soil fertility, spontaneous 

revegetation, and the ability to earn cash through veg-

etables and fruits. Browning, on the contrary, takes 

place mostly in areas considered bush and not actively 

managed. Degradation is entirely negative, reduces 

ecosystem services and results in deforestation and 

exhausted soils. The participatory mapping also re-

vealed that Mossi rural producers believe that the pro-

cesses of greening and browning are highly dynamic; 

degraded zipellé soils can be rehabilitated through so-

cial and water conservation just as productive soils 

can be degraded by overuse and excessive fertilizer.  

Vol. 22 No. 1 2020 
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There are several limitations to this case study. First, 

only a single high-resolution satellite image was used 

instead of using a time series of imagery from the 

same location for each village terroir. Budgetary con-

straints prevented the acquisition of multiple images, 

which would have allowed researchers to better de-

scribe change over time. Participatory mapping exer-

cises were conducted with only three communities, 

which limits the degree to which insights can be gen-

eralized. Each of the three satellite images was only 5 

km X 5 km while the Normalized Difference Vegeta-

tion Index-Rainfall Estimate (NDVI-RFE) residual 

pixels were slightly larger at 8 km X 8 km (see Figure 

1). Moreover, the classified satellite images were not 

spatially aligned with individual Normalized Differ-

ence Vegetation Index-Rainfall Estimate residual pix-

els. This makes it difficult to directly compare fine-

scale local patterns of greening and browning within 

each terroir with coarser regional patterns of greening 

and browning. Last, the classification technique was 

very simple. Researchers used a limited number of 

training data observations (30 for each satellite image) 

and classified images into just two very broad classes 

using default maximum likelihood classification set-

tings in ArcMap 10.4. In part, this is an artifact of the 

participatory fieldwork—it only asked groups about 

greening and browning. More training data, a more 

sophisticated classification algorithm, and asking par-

ticipants to describe multiple land-use/land-cover 

classes would certainly produce different maps. None-

theless, this methodology is presented as a pilot study 

given constraints in time and resources. Additional 

resources would allow the researchers and their local 

partner organization to obtain more recent satellite 

imagery and evaluate whether greening or browning is 

increasing or decreasing. 

 

CONCLUSION 

 

Results inform ongoing debates on land degradation 

and greening in the Sahel. Specifically, this study de-

scribes a participatory methodology to elicit local per-

spectives and then use these narratives to guide the 

spatial analysis. Doing so allows researchers to explain 

mechanisms behind greening and browning—namely 

village-scale land-use practices—from the bottom-up. 

It also permits the mapping of environmental rehabili-

tation and land degradation for each individual village 

terroir. Last, these data were used to calculate the ex-

tent of greening and browning for each of the three 

communities.  

  

The participatory mapping exercises produced rich 

descriptions of the processes driving both greening 

and browning. Separate groups of older men, younger 

men, and women collaboratively identified specific 

areas of rehabilitation and land degradation using but-

tons and high-resolution satellite images. The posi-

tions of green and brown buttons for each group 

within each village were very similar. These place-

ments were georeferenced using Geographical Infro-

mation System software to accomplish two research 

objectives. First, they were used to identify land-use/

land-cover types that correspond to greening and 

browning. This takes advantage of the high-resolution 

(2-m pixel size) of the satellite imagery which allowed 

researchers to discriminate among agroforestry park-

lands, bare soil (zipellé), and other very specific land-

use/land-cover types described by participants. Sec-

ond, these button placements were used as training 

data for classifying regions of greening or browning.  

 

Patterns of greening and browning differed among 

the villages as well as the extent of each class. These 

are explained mostly by the local geography and de-

mography of each locality. Sakou exhibits a dichoto-

mous pattern of greening and browning. It also fea-

tures the most browning (~60 percent). It lies within a 

steep valley surrounded by hills and plateaus, which 

constrains agricultural land. It also has the highest 

population and, hence, population density. Kouka 

exhibits a patchier pattern of greening and browning 

West, Nébié, & Moody / Land Degradation in Burkina Faso  
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and the amount of rehabilitated land exceeds the 

amount of degraded. Kouka has the lowest popula-

tion and lies in a broad plain. Thus, the amount of 

rehabilitated and degraded land is strongly linked to 

demographic pressure. 

  

This was a pilot study designed to demonstrate how 

local narratives of environmental change can be elicit-

ed using high-resolution satellite images. Moreover, a 

goal was also to describe a methodology for using the 

insights of participants to both map and measure the 

extent of greening of browning within a village terroir. 

The participatory mapping exercise and spatial analy-

sis were highly compatible and likewise complemen-

tary. As Jiang (2003) concluded, together they provide 

compelling understandings of complex human-

environment interactions that neither alone could. 

 

 

 

Colin Thor West, Department of Anthropology, University 

of North Carolina at Chapel Hill, ctw@email.unc.edu 

Elisabeth Kago Ilboudo Nébié, International Research 

Institute for Climate and Society, Columbia University,  

lboudo_nebie@iri.columbia.edu 

Aaron J. Moody, Department of Geography, University of 

North Carolina at Chapel Hill, aaronm@email.unc.edu  

 

 

 

ACKNOWLEDGEMENTS 

 

This project was funded by the Cultural Anthropology 

Program at the National Science Foundation grants 

(BCS-1759064) and (BCS-1261800). The University of 

North Carolina at Chapel Hill (UNC-CH) provided 

additional funding through a Carolina Population 

Center (CPC) Seed Grant, the Richard T. and Hugh 

G. Chatham Fund for Faculty, and an African Studies 

Center Faculty Research Award. The Carolina Popula-

tion Center at UNC Chapel Hill provided general sup-

port through its NIH Center grant (P2C HD050924). 

The authors thank the anonymous reviewers, the 

communities we work with and especially Lisa Fou-

ladbash who was a graduate student in Ecology at 

UNC-CH and assisted with the fieldwork.  

  

Vol. 22 No. 1 2020 

mailto:ctw@email.unc.edu
mailto:lboudo_nebie@iri.columbia.edu
mailto:aaronm@email.unc.edu


 17 

 

 

REFERENCES CITED 
 

Anemone, R.L.,. and G.C. Conroy. 2018 "Geospatial anthropology," in New geospatial approaches to the anthropological 

sciences. Edited by R.L. Anemone & G.C. Conroy, pp. 1-20. Albuquerque: UNM Press.  

Bassett, T.J., C. Blanc-Pamard, and J. Boutrais. 2007 Constructing locality: The terroir approach in West Africa. Africa 77

(1):104-129. https://doi.org/10.3366/afr.2007.77.1.104  

Batterbury, S. 1998 Local environmental management, land degradation and the "Gestion des Terroirs" approach 

in West Africa: Policies and pitfalls. Journal of International Development 10(7):871-989. https://

doi.org/10.1002/(SICI)1099-1328(1998110)10:7<871::AID-JID533>3.0.CO;2-U  

Batterbury, S.P.J. 1996 Planners or performers? Reflections on indigenous dryland farming in northern Burkina 

Faso. Agriculture & Human Values 13(3):12-22. https://doi.org/10.1007/BF01538223  

Batterbury, S.P.J. 1997 The political ecology of environmental management in semi-arid West Africa: Case studies from the Central 

Plateau, Burkina Faso. Ph.D. Dissertation, Clark University, Worcester MA.  

Bayala, J., J. Sanou, Z. Teklehaimanot, A. Kalinganire, and S.J. Ouédraogo. 2014 Parklands for buffering climate 

risk and sustaining agricultural production in the Sahel of West Africa. Current Opinion in Environmental Sus-

tainability 6(1):28-34. https://doi.org/10.1016/j.cosust.2013.10.004  

Brondizio, E.S., and E.F. Moran. 2012 Level-dependent deforestation trajectories in the Brazillian Amazon from 

1970 to 2001. Population and Environment 34(1):69-85. https://doi.org/10.1007/s11111-011-0159-8  

Chambers, R. 1994 Participatory rural appraisal (PRA): Challenges, potentials and paradigms. World Development 22

(10):1437-1454. https://doi.org/10.1016/0305-750X(94)90030-2  

Charney, J.G. 1975 Dynamics of deserts and drought in the Sahel. Quarterly Journal of the Royal Meteorological Society 

101:193-202. https://doi.org/10.1002/qj.49710142802  

Dardel, C., L. Kergoat, P. Hiernaux, E. Mougin, M. Grippa, and C.M. Tucker. 2014 Re-greening Sahel: 30 years of 

remote sensing data and field observations (Mali, Niger). Remote Sensing of Environment 140:350-364. https://

doi.org/10.1016/j.rse.2013.09.011  

Escobar, A. 2008 Territories of difference: Place, movements, life. Durham, NC: Duke University Press. https://

doi.org/10.1515/9780822389439  

Fairhead, J., and M. Leach. 1996 Misreading the African landscape: Society and ecology in a forest-savanna mosaic. Cambridge, 

United Kingdom: Cambridge Univ Press. https://doi.org/10.1017/CBO9781139164023  

Felzer, B.S., C.R. Ember, R. Cheng, and M. Jiang. 2019 The relationships of extreme precipitation and temperature 

events with ethnographic reports of droughts and floods in nonindustrial societies. Weather, Climate, and 

Society 12(1):134-148. https://doi.org/10.1175/WCAS-D-19-0045.1  

Fiske, S.J., S.A. Crate, C.L. Crumley, K.A. Galvin, H. Lazrus, L. Lucero, A. Oliver-Smith, B. Orlove, S. Strauss, 

and R.R. Wilk. 2014 Changing the atmosphere: Anthropology and climate change. Final report of the AAA Global Cli-

mate Change Task Force. Arlington, VA: American Anthropological Association.  

Franke, R.W., and B.H. Chasin. 1980 Seeds of famine. Montclair, NJ: Allanheld, Osmun and Co.  

Guyer, J.I., E.F. Lambin, L. Cliggett, P. Walker, K. Amanor, T.J. Bassett, E. Colson, R. Hay, K. Homewood, O. 

Linares, O. Pabi, P. Peters, T. Scudder, M. Turner, and J. Unruh. 2007 Temporal heterogeneity in the study 

of African land use: Interdisciplinary collaboration between anthropology, human geography and remote 

sensing. Human Ecology 35(1):3-17. https://doi.org/10.1007/s10745-006-9085-2  

Harnish, A. 2014 Extractive workload: A mixed-method approach for investigating the socially differentiated ef-

fects of land-use/land-cover changes in a southern Zambian frontier. Population & Environment 35(4):455-

476. https://doi.org/10.1007/s11111-013-0194-8  

West, Nébié, & Moody / Land Degradation in Burkina Faso  

https://digitalcommons.usf.edu/jea/vol22/iss1/1 | DOI: https://doi.org/10.5038/2162-4593.22.1.1261

https://doi.org/10.3366/afr.2007.77.1.104
https://doi.org/10.1002/(SICI)1099-1328(1998110)10:7%3c871::AID-JID533%3e3.0.CO;2-U
https://doi.org/10.1002/(SICI)1099-1328(1998110)10:7%3c871::AID-JID533%3e3.0.CO;2-U
https://doi.org/10.1007/BF01538223
https://doi.org/10.1016/j.cosust.2013.10.004
https://doi.org/10.1007/s11111-011-0159-8
https://doi.org/10.1016/0305-750X(94)90030-2
https://doi.org/10.1002/qj.49710142802
https://doi.org/10.1016/j.rse.2013.09.011
https://doi.org/10.1016/j.rse.2013.09.011
https://doi.org/10.1515/9780822389439
https://doi.org/10.1515/9780822389439
https://doi.org/10.1017/CBO9781139164023
https://doi.org/10.1175/WCAS-D-19-0045.1
https://doi.org/10.1007/s10745-006-9085-2
https://doi.org/10.1007/s11111-013-0194-8


 18 

 

Journal of  Ecological Anthropology 

Herrmann, S.M., A. Anyamba, and C.J. Tucker. 2005 Recent trends in vegetation dynamics in the African Sahel 

and their relationship to climate. Global Environmental Change 15(15):394-404. https://doi.org/10.1016/

j.gloenvcha.2005.08.004  

Herrmann, S.M., A.A. Diouf, and I. Sall. 2020 Beyond bioproductivity: Engaging local perspectives in land degra-

dation monitoring and assessment. Journal of Arid Environments 173:104002. https://doi.org/10.1016/

j.jaridenv.2019.104002  

Herrmann, S.M., I. Sall, and O. Sy. 2014 People and pixels in the Sahel: A study linking coarse-resolution remote 

sensing observations to land users' perceptions of their changing environment in Senegal. Ecology and Society 

19(3):29. https://doi.org/10.5751/ES-06710-190329  

Herrmann, S.M., and G. Tappan. 2013 Vegetation impoverishment despite greening: A case study from central 

Senegal. Journal of Arid Environments 90(1):55-66. https://doi.org/10.1016/j.jaridenv.2012.10.020  

Ibrahim, Y.Z., H. Baltzer, J. Kaduk, and C.J. Tucker. 2015 Land degradation assessment using residual trend analy-

sis of GIMMS NDVI3g, soil moisture and rainfall in sub-Saharan West Africa from 1982 to 2012. Remote 

Sensing 7(5):5471-5494. https://doi.org/10.3390/rs70505471  

Izard-Héritier, F., and M. Izard. 1959 Les Mossi du Yatenga: Étude de la vie économique et sociale. Bordeaux, France: In-

stitut des Sciences Humaines Appliqués de l'Université de Bordeaux.  

Izard, M. 1985 Gens du pouvoir, gens de la terre. Cambridge, United Kingdom: Cambridge University Press.  

Jiang, H. 2003 Stories remote sensing images can tell: Integrating remote sensing analysis with ethnographic re-

search in the study of cultural landscapes. Human Ecology 31(2):215-232.  

Kesler, D.C., and R.S. Walker. 2015 Geographic distribution of isolated indigenous societies in Amazonia and the 

efficacy of indigenous territories. PloS One 10(5):e0125113. https://doi.org/10.1371/journal.pone.0125113 

Kingsolver, A., M. Boissière, M. Padmanaba, E. Sadjunin and S. Balasundaram. 2017 "Cultural and participatory 

mapping," in Mapping across academia. Edited by S.D. Brunn and M. Dodge, pp. 305-322. Dordrecht, Neth-

erlands: Springer Netherlands. https://doi.org/10.1007/978-94-024-1011-2_15  

Marchal, J.-Y. 1983 Yatenga Nord Haute Volta: La dynamique d'un espace rural Soudano-Sahelian. Paris: Office de la Re-

cherche Scientifique et Technique Outre-Mer.  

Mathews, A. 2020 Anthropology and the Anthropocene: Criticisms, experiments and collaborations. Annual Review 

of Anthropology 49(1):67-82. https://doi.org/10.1146/annurev-anthro-102218-011317  

Millennium Ecosystem Assessment. 2005 Ecosystems and human well-being: Desertification synthesis. Washington, DC: 

World Resources Institute.  

Moran, E.F. 2010 Environmental social science: Human-environment interactions and sustainability. Malden, MA: Wiley-

Blackwell. https://doi.org/10.1002/9781444319057  

Mortimore, M. 2009 Dryland opportunities: A new paradigm for people, ecosystems, and development. London: International 

Institute for Environment and Development.  

Nazarea, V.D. 1999 "A view from a point: Ethnoecology as situated knowledge," in Ethnoecology: Situated knowledge / 

located lives. Edited by V.D. Nazarea, pp. 3-20. Tucson, AZ: The University of Arizona Press.  

Nyerges, A.E., and G.M. Green. 2000 The ethnography of landscape: GIS and remote sensing in the study of for-

est changes in West African Guinea savanna. American Anthropologist 102(2):271-289. https://

doi.org/10.1525/aa.2000.102.2.271  

Ogden, L.A., C. Aoki, J.M. Grove, N.F. Sonti, W. Hall, D. Locke, S.T.A. Pickett, M. Avins, K. Lautar, and J. Lag-

rosa. 2019 Forest ethnography: An approach to study the environmental history and political ecology of 

urban forests. Urban Ecosystems 22(1):49-63. https://doi.org/10.1007/s11252-018-0744-z  

Vol. 22 No. 1 2020 

https://doi.org/10.1016/j.gloenvcha.2005.08.004
https://doi.org/10.1016/j.gloenvcha.2005.08.004
https://doi.org/10.1016/j.jaridenv.2019.104002
https://doi.org/10.1016/j.jaridenv.2019.104002
https://doi.org/10.5751/ES-06710-190329
https://doi.org/10.1016/j.jaridenv.2012.10.020
https://doi.org/10.3390/rs70505471
https://doi.org/10.1371/journal.pone.0125113
https://doi.org/10.1007/978-94-024-1011-2_15
https://doi.org/10.1146/annurev-anthro-102218-011317
https://doi.org/10.1002/9781444319057
https://doi.org/10.1525/aa.2000.102.2.271
https://doi.org/10.1525/aa.2000.102.2.271
https://doi.org/10.1007/s11252-018-0744-z


 19 

 

 

Olsson, L., L. Eklundh, and J. Ardö. 2005 A recent greening of the Sahel--trends, patterns, and potential causes. 

Journal of Arid Environments 63(3):556-566. https://doi.org/10.1016/j.jaridenv.2005.03.008  

Orr, Y., J.S. Lansing, and M.R. Dove. 2015 Environmental anthropology: Systemic perspectives. Annual Review of 

Anthropology 44:153-168. https://doi.org/10.1146/annurev-anthro-102214-014159  

Reij, C., G. Tappan, and A. Belemvire. 2005 Changing land management practices and vegetation on the Central 

Plateau of Burkina Faso (1968-2002). Journal of Arid Environments 63(3):642-659. https://doi.org/10.1016/

j.jaridenv.2005.03.010  

Sendzimir, J., C.P. Reij, and P. Magnuszewski. 2011 Rebuilding resilience in the Sahel: Regreening in the Maradi 

and Zinder regions of Niger. Ecology and Society 16(3):1. https://doi.org/10.5751/ES-04198-160301  

Somé, L., and M.V.K. Sivakumar. 1994 Analyse de la longueur de la saison culturale en fonction de la date de début des pluies 

au Burkina Faso. Ougadougou, Burkina Faso: Institut d'Etudes et de Recherches Agricoles.  

Stith, M., A. Giannini, J. del Corral, S. Adamo, and A. de Sherbinin. 2016 A quantitative evaluation of the multiple 

narratives of the recent Sahelian regreening. Weather, Climate, and Society 8(1):67-83. https://

doi.org/10.1175/WCAS-D-15-0012.1  

Stoffle, R.W., D.B. Halmo, T.W. Wagner, and J.L. Luczkovich. 1994 Reefs from space: Satellite imagery, marine 

ecology, and ethnography in the Dominican Republic. Human Ecology 22(3):355-378. https://

doi.org/10.1007/BF02168857  

Swift, J. 1996 "Desertification: Narratives, winners and losers," in The Lie of the Land: Challenging Received Wisdom on 

the African Environment. Edited by M. Leach and R. Mearns, pp. 73-90. Portsmouth, NH: Heinemann.  

Tsing, A.L. 2005 Friction: an ethnography of global connection. Princeton, NJ: Princeton University Press.https://

doi.org/10.1515/9781400830596  

Turner, M.D. 2003 Methodological reflections on the use of remote sensing and Geographic Information Science 

in human ecological research. Human Ecology 31(2):255-279. https://doi.org/10.1023/A:1023984813957 

Watmough, G.R., C.L.J. Marcinko, C. Sullivan, K. Tschirhart, P.K. Mutuo, C.A. Palm, and J.-C. Svenning. 2019 

Socioecologically informed use of remote sensing data to predict rural household poverty. Proceedings of the 

National Academy of Sciences 116(4):1213-1218. https://doi.org/10.1073/pnas.1812969116  

West, C.T. 2013 Documenting livelihood trajectories in the context of development interventions in northern 

Burkina Faso. Journal of Political Ecology 20(1):342-360. https://doi.org/10.2458/v20i1.21750  

West, C.T. 2015 Public and private responses to food insecurity: Complementarity in Burkina Faso. Culture, Agri-

culture, Food and Environment 37(2):52-60. https://doi.org/10.1111/cuag.12052  

West, C.T., A. Moody, E.K. Nébié, and O. Sanon. 2017 Ground-truthing Sahelian greening: Ethnographic and 

spatial evidence from Burkina Faso. Human Ecology 45(1):89-101. https://doi.org/10.1007/s10745-016-

9888-8 

West, C.T., C. Roncoli, and P. Yaka. 2016 Climate change in West Africa: A case study in vulnerability and adapta-

tion on the northern Central Plateau, Burkina Faso. Research in Economic Anthropology 36(1):57-76. https://

doi.org/10.1108/S0190-128120160000036003  

West, C.T., and M. Vásquez-León. 2008 Misreading the Arizona landscape: Reframing analyses of environmental 

degradation in southeastern Arizona. Human Organization 67(4):373-383. https://doi.org/10.17730/

humo.67.4.2n4w0730q8771x43 

West, P. 2006 Conservation is our government now: The politics of ecology in Papua New Guinea. Durham, NC: Duke Univer-

sity Press. https://doi.org/10.1515/9780822388067  

West, Nébié, & Moody / Land Degradation in Burkina Faso  

https://digitalcommons.usf.edu/jea/vol22/iss1/1 | DOI: https://doi.org/10.5038/2162-4593.22.1.1261

https://doi.org/10.1016/j.jaridenv.2005.03.008
https://doi.org/10.1146/annurev-anthro-102214-014159
https://doi.org/10.1016/j.jaridenv.2005.03.010
https://doi.org/10.1016/j.jaridenv.2005.03.010
https://doi.org/10.1175/WCAS-D-15-0012.1
https://doi.org/10.1175/WCAS-D-15-0012.1
https://doi.org/10.1175/WCAS-D-15-0012.1
https://doi.org/10.1007/BF02168857
https://doi.org/10.1007/BF02168857
https://doi.org/10.1515/9781400830596
https://doi.org/10.1515/9781400830596
https://doi.org/10.1023/A:1023984813957
https://doi.org/10.1073/pnas.1812969116
https://doi.org/10.2458/v20i1.21750
https://doi.org/10.1111/cuag.12052
https://doi.org/10.1007/s10745-016-9888-8
https://doi.org/10.1007/s10745-016-9888-8
https://doi.org/10.1108/S0190-128120160000036003
https://doi.org/10.1108/S0190-128120160000036003
https://doi.org/10.17730/humo.67.4.2n4w0730q8771x43
https://doi.org/10.17730/humo.67.4.2n4w0730q8771x43
https://doi.org/10.1515/9780822388067

	Participatory Mapping with High-resolution Satellite Imagery: A Mixed Method Assessment of Land Degradation and Rehabilitation in Northern Burkina Faso
	Recommended Citation

	Participatory Mapping with High-resolution Satellite Imagery: A Mixed Method Assessment of Land Degradation and Rehabilitation in Northern Burkina Faso
	Cover Page Footnote

	Participatory Mapping with High-resolution Satellite Imagery: A Mixed method Assessment of Land Degradation and Rehabilitation in Northern Burkina Faso

