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Till Hamidou och Nathanael 
 
Jag är glad att ha fått lära känna 
en del av det land där ni har era 
rötter 
 

 
Det är den svåra passagen mellan två sätt att leva.  
Den som är framme har en lång väg att gå. 
 
It’s a hard passage between two ways of life. 
He who has arrived has a long way to go. 
 

 
Tomas Tranströmer  

 
Ur ”Ur en Afrikansk dagbok” (Klanger och spår, 1966) 
From ”From an African Diary” (Bells and tracks, 1966) 
Translated by Robin Fulton 
 
 
 
 
 



 



 

Abstract  

Rural people in the Sahel derive multiple benefits from local ecosystem ser-
vices on a daily basis. At the same time, a large proportion of the population 
lives in multidimensional poverty. The global sustainability challenge is thus 
manifested in its one extreme here, with a strong need to improve human 
well-being without degrading the landscapes that people depend on. To ad-
dress this challenge, knowledge on how local people interact with their land-
scapes, and how this changes over time, must be improved. An ecosystem 
services approach, focusing on the benefits to people from ecosystem pro-
cesses, is useful in this context. However, methods for assessing ecosystem 
services that include local knowledge while addressing a scale relevant for 
guiding development interventions are lacking. 
 
In this thesis, such methods are developed to study the changing Sahelian 
landscapes through an ecosystem services lens. The thesis is focused on vil-
lage landscapes and is based on in-depth fieldwork in six villages in northern 
Burkina Faso. In these villages, participatory methods were used to identify 
social-ecological patches (landscape units that correspond with local descrip-
tions of landscapes, characterized by a combination of land use, land cover 
and topography), the provisioning ecosystem services generated in each so-
cial-ecological patch, and the benefits from ecosystem services to liveli-
hoods (Paper I). In Paper II, change in cover of social-ecological patches 
mapped on aerial photographs and satellite images from the period 1952-
2016 was combined with population data and focus group discussions to 
evaluate change in generation of ecosystem services over time. In Paper III, 
up-scaling of the village scale assessment approach (in Paper I) to provin-
cial scale was done through fieldwork in other villages and the development 
of a classification method to identify the social-ecological patches on medi-
um-resolution satellite images. These maps were combined with results from 
Paper I to produce benefit maps at provincial scale. Paper IV addresses the 
whole Sudano-Sahelian climate zone of West Africa, analyzing woody vege-
tation as a key component for ecosystem services generation in the land-
scape. It is based on a systematic review of which provisioning and regula-
tion & maintenance ecosystem services are documented from trees and 
shrubs on agricultural lands in the region. 
 



 

Social-ecological patches and associated sets of ecosystem services are very 
similar in all studied villages across the two regions. Most social-ecological 
patches generate multiple ecosystem services with multiple benefits, illus-
trating a multifunctional landscape (Paper I, Paper II). The social-
ecological patches and ecosystem services are confirmed at the provincial 
level in both regions, the dominant social-ecological patches can be mapped 
with high accuracy on medium-resolution satellite images, and benefit maps 
show a multifunctional landscape (Paper III). Dominant changes in social-
ecological patches are an increase in fields with trees, and a decrease of 
shrubland (Paper II). The potential generation of cultivated ecosystem ser-
vices has increased in all villages, while firewood has decreased substantial-
ly, and the generation of fruits, construction material and medicine has de-
creased slightly. The potential generation of cultivated crops has more or 
less kept up with population growth in the villages while the potential for 
livestock, wild foods from woody vegetation, construction material and par-
ticularly firewood has decreased per capita (Paper II). Trees and shrubs 
contribute with multiple ecosystem services such as food, wood, medicines 
and regulation of erosion and soil water and nutrient status. However, their 
effects at landscape scale particularly regarding regulation & maintenance 
ecosystem services and impact on crop yields must be better studied (Paper 
IV). The thesis provides new insights about the complex and multi-
functional landscapes of rural Sahel, which are useful to nuance dominating 
narratives on environmental change in the region. It also provides new 
methods that include local knowledge in ecosystem services assessment that 
can be up-scaled to a scale relevant for development interventions, and used 
to analyze changes in ecosystem services over time. The transdiciplinary 
approach of the thesis is necessary to generate knowledge on how local peo-
ple benefit from landscapes, to inform interventions addressing the challenge 
of sustainable poverty alleviation in the region. 
 
Keywords: agroforestry, Burkina Faso, ecosystem services assessment, 
smallholder agriculture, social-ecological system, West Africa 



 

Sammanfattning 

 
Människor på landsbygden i Sahelområdet i Västafrika använder dagligen 
flera ekosystemtjänster som nyttjas på olika sätt för att bidra till deras 
försörjning. Samtidigt lever en stor del av befolkningen i fattigdom defini-
erad av avsaknad av flera olika indikatorer för utbildning, hälsa och lev-
nadsstandard. Sahelområdet befinner sig därför i den ena änden av den glob-
ala hållbarhetsutmaningen, med ett stort behov att öka mänskligt välbefin-
nande på ett sätt som inte hotar landskapen som människors försörjning 
direkt beror av. För att ta itu med denna utmaning måste förståelsen för hur 
människor interagerar med landskapen de lever i för olika nyttor, och hur 
detta har förändrats över tid, förbättras. I detta sammanhang är ett ekosys-
temperspektiv, som fokuserar på de nyttor som människor drar från ekosys-
tem, användbart. Emellertid saknas det metoder för utvärdering och 
kartläggning av ekosystemtjänster som inkluderar lokal kunskap och lokala 
prioriteringar av ekosystemtjänster, och samtidigt inkluderar en tillräckligt 
stor skala för att bedömningen ska vara användbar för utvecklingsinsatser.  
 
Ekosystemtjänster definieras i avhandlingen som ekosystemfunktioner med 
potential att direkt eller indirekt tillfredsställa mänskliga behov. Den faktiska 
användningen av dessa funktioner för olika behov definieras som nyttor. 
Ekosystemtjänster betraktas i avhandlingen som samproducerade mellan 
ekosystemprocesser och sociala processer. Detta betyder att det i ett jord-
brukslandskap inte bara är naturliga processer som genererar ekosystemtjän-
ster, utan att dessa påverkas av insatser i form av till exempel arbete, gödsel 
och sortval, vilka i sin tur regleras av kunskap och institutioner. Dessutom 
påverkar människors behov och värderingar vad som betraktas som ekosys-
temtjänster i en viss kontext. 
 
Produktiviteten i landskapen i Sahel varierar mycket, både mellan säsonger 
och mellan år. Sahel har också varit i fokus för debatt om landskapsförän-
dringar över längre tidsskalor. Efter år av omfattande torka under 1970- och 
1980-talen drabbades regionen av svält och degradering av mark, vilket 
ledde till en återuppväckt debatt om ökenspridning. I kontrast till denna 
berättelse om oåterkallelig degradering har både analys av satellitbilder och 
lokala fallstudier visat en ökad vegetation i regionen, en ”gröning” sedan 
början av 1980-talet. Däremot är det inte klarlagt vilken effekt en sådan veg-



 

etationsökning har haft på vilka nyttor lokalbefolkningen får ut av ekosys-
temtjänster. 
 
I denna avhandling utvecklas metoder för att inkludera lokal kunskap i 
bedömningar av ekosystemtjänster på skalor från by till provins, för att stu-
dera bylandskap i Sahel och deras förändring över tid från ett ekosys-
temtjänstperspektiv. Bylandskap består av allt det land som tillhör en by, och 
begränsas i fältstudieområdet främst av var nästa by tar vid. Två av artiklar-
na i avhandlingen fokuserar på sex byar i två olika administrativa regioner i 
norra Burkina Faso. I dessa byar användes deltagande metoder för att identi-
fiera social-ekologiskt definierade landskapsenheter, vilken uppsättning lo-
kalt relevanta ekosystemtjänster som kommer från respektive landskapsen-
het, samt de olika nyttor som ekosystemtjänsterna bidrar med. Landskapsen-
heterna definierades av det sätt som lokalbefolkningen beskrev sina 
landskap, och enheterna karaktäriseras av en kombination av markanvänd-
ning, marktäcke och topografi (Artikel I). I Artikel II användes historiska 
flygfotografier och satellitbilder från perioden 1952-2016 för att kartlägga 
hur utbredningen av olika landskapsenheter i byarna har förändrats över tid. 
Genom att anta att uppsättningen ekosystemtjänster från respektive 
landskapsenhet har varit konstant över tid utvärderades förändringen i poten-
tial för generering av ekosystemtjänster över tid. Genom att kombinera dessa 
resultat med befolkningsdata och kvalitativ information om hur användandet 
av ekosystemtjänster har förändrats över tid, gjordes en bedömning av hur 
efterfrågan på ekosystemtjänster har förändrats över samma period. I Artikel 
III testades uppskalning av det lokala angreppssättet från Artikel I till 
provinsnivå genom fältarbete i andra byar i provinserna, och utveckling av 
en metod för halvautomatisk klassificering av satellitbilder med medelhög 
upplösning. I Artikel IV gjordes en systematisk genomgång av vetenskaplig 
litteratur om försörjande och reglerande ekosystemtjänster från träd och bus-
kar på jordbruksmark i hela den västafrikanska delen av klimatzonerna Sahel 
och Sudano-Sahel. Detta för att bättre förstå den viktiga roll som träd och 
buskar spelar för generering av ekosystemtjänster i jordbrukslandskap i re-
gionen. 
 
De landskapsenheter som identifierades i byarna är: Fält med träd, busk-
mark, träda, mark runt bostäder, svackor, skog och bar jord. De försörjande 
ekosystemtjänster som identifierades är spannmål, baljväxter, grönsaker, 
bladgrönsaker från örter, bladgrönsaker från träd, frukter, mediciner, bygg-
nadsmaterial, ved och boskap. Dessa har nyttorna grödor för direkt kon-
sumtion, nutritionsdiversitet och medicin, material och energi, inkomst samt 
besparing/försäkring (Artikel I). Identifierade landskapsenheter och den 
uppsättning ekosystemtjänster som genereras i var och en av dessa överens-
stämde mellan alla byar i de två regionerna. Alla landskapsenheter utom bar 
jord genererar flera ekosystemtjänster som har flera olika nyttor. Detta illus-



 

trerar ett multifunktionellt landskap (Artikel I). Landskapsenheterna och 
deras uppsättning av ekosystemtjänster bekräftades på provinsnivå i båda 
regionerna, och de dominerande landskapsenheterna kunde kartläggas med 
hög noggrannhet på satellitbilder med medelhög upplösning (Artikel III). 
Sedan 1950-talet har andelen fält med träd ökat i byarna, medan buskmark 
har minskat. Potentialen för produktion av spannmål, baljväxter, grönsaker 
och bladgrönsaker från örter har ökat, potentialen för frukter, mediciner och 
byggnadsmaterial har minskat något, medan potentialen för produktion av 
ved har minskat dramatiskt. Sett per capita har produktionen av grödor hållit 
ungefär jämna steg med befolkningsökningen, medan produktionen av övri-
ga ekosystemtjänster har minskat dramatiskt per capita, i synnerhet ved 
(Artikel II). Träd och buskar bidrar med många olika ekosystemtjänster, 
men deras bidrag främst till reglerande ekosystemtjänster och dess effekter 
på produktion av grödor måste studeras vidare på landskapsskala (Artikel 
IV).  
 
Denna avhandling bidrar med metoder för att inkludera lokal kunskap i 
bedömningar och kartläggningar av ekosystemtjänster på ett sätt som kan 
skalas upp till en spatial skala som är relevant för utvecklingsinsatser, och 
som kan användas för att bedöma hur produktionen av ekosystemtjänster har 
förändrats över tid. 



 

 



 

Résumé  

Tout ce qui est, nourrit le corps ou l’esprit 
Amadou Hampâté Bâ 

 
Les populations rurales du Sahel interagissent constamment avec leur 
paysage local dans la vie quotidienne, et profitent des multiples bénéfices 
des services écosystémiques. Le terme « service écosystémique » peut être 
utilisé pour décrire la dépendance humaine vis-à-vis des processus des 
écosystèmes en ce qui concerne à la fois les moyens de subsistance et le bien 
être humain. En même temps, les paysages sahéliens ont une productivité 
saisonnière et interannuelle très variable. Une grande partie de la population 
vivant dans une pauvreté multidimensionnelle, et des investissements im-
portants pour réduire la pauvreté se concentrent sur la région. Les interven-
tions de développement remontent aux sécheresses dans les années 1970 et 
1980, qui ont causé des famines et dégradé les terres. Les sécheresses ont 
aussi attiré une attention internationale sur la région et amené à un débat sur 
la désertification irréversible. En revanche, depuis 1982, une augmentation 
de la végétation, dite «verdissement» ou «reverdissement», a été observée à 
travers l'analyse d'images satellites à grande échelle, et d'études de cas 
locaux pour une grande partie du Sahel. Cependant, l’impact de l'augmenta-
tion de la végétation sur les moyens de subsistance locaux n’est pas établi. 
Pour étudier les implications du changement de végétation sur les moyens de 
subsistance, une analyse des services écosystémiques se concentrant sur les 
avantages que délivrent les processus écosystémiques pour les populations 
locales, semble être utile. Toutefois, les évaluations des services écosys-
témiques sont rarement effectuées d'une manière précise sur les services 
écosystémiques priorisés localement ni basée sur des unités de paysage dé-
finis localement. En outre, les évaluations sont rarement effectuées à une 
échelle qui peut inclure les connaissances locales tout en étant généralisable 
à une échelle qui peut guider les interventions de développement. 
 
Dans cette thèse, les paysages sahéliens et leur évolution sont étudiés d’un 
point de vue des services écosystémiques. Les services écosystémiques sont 
définis comme les fonctions des écosystèmes avec le potentiel de satisfaire 
directement ou indirectement les besoins humains. Dans le contexte sahélien 
il est particulièrement important de reconnaître la coproduction des services 
écosystémiques comme résultat de l’interaction entre les processus des 



 

écosystèmes et les actions humaines qui affectent ces processus. Par exem-
ple, la récolte du mil est le résultat de la photosynthèse et du cycle des élé-
ments nutritifs, mais aussi de la semence, du labour et des produits ferti-
lisants appliqués par l’agriculteur. Un autre exemple est le control de 
l’érosion des sols par les arbres et arbustes qui peut être optimisé si les ar-
bres sont préservés ou plantés dans des zones enclines à l’érosion du sol. 
 
La partie principale de la thèse se concentre sur des paysages du village du 
Sahel, avec six villages dans deux régions administratives du nord du Burki-
na Faso étudiés en profondeur. Dans ces villages, j'ai utilisé des méthodes 
participatives pour identifier les unités de paysage qui correspondent au lan-
gage utilisé dans les villages pour décrire le paysage. Leur définition est une 
combinaison entre occupation de sol, couvert végétal et topographie. J'ai 
aussi utilisé des méthodes participatives pour identifier les services écosys-
témiques d'approvisionnement générés dans chaque unité, et les bénéfices 
des services écosystémiques pour les moyens de subsistance (Article I). 
Dans l’Article II, les unités du paysage identifiés sont utilisées pour étudier 
la façon dont le potentiel de production des services écosystémiques d'ap-
provisionnement a changé au fil du temps. Le changement de paysage dans 
les villages entre 1952 et 2016 est cartographié en utilisant des pho-
tographies aériennes et des images satellitaires, et combiné avec des données 
en provenance des groupes de discussion, et des données secondaires (Arti-
cle II). Dans l’Article III, l'approche très locale utilisée dans l’Article I est 
testée à l'échelle provinciale. Pour ce faire, une méthode de classification 
hybride est conçue pour identifier les unités du paysage sur les images satel-
litaires Landsat couvrant une superficie correspondant à une province (Arti-
cle III). Le dernier article s’intéresse à l'ensemble de la zone soudano-
sahélienne de l'Afrique de l'Ouest, pour analyser la végétation ligneuse 
comme un élément clé du paysage. Il est basé sur un examen systématique 
des services écosystémiques de l'approvisionnement et de régulation qui sont 
documentés dans la littérature scientifique sur les arbres et les arbustes en 
milieu agricole dans la région (Article IV).  
 
Les unités de paysage et l'ensemble des services écosystémiques générés 
dans chaque unité étaient très semblables dans tous les villages à travers les 
deux régions (Article I). La plupart des unités de paysage génèrent de multi-
ples services écosystémiques avec de multiples bénéfices (Article I). Les 
unités du paysage et les services écosystémiques sont confirmés au niveau de 
la province dans les deux régions, et les unités du paysage dominantes peu-
vent être cartographiées avec une grande précision sur les images satel-
litaires à moyenne résolution (Article III). Basé sur le changement de la 
couverture des unités de paysage entre 1952 et 2016, la production poten-
tielle de cultures et de certains aliments sauvages a augmenté, le potentiel 
pour le bétail a été stable, alors que le potentiel pour les matériaux de con-



 

struction et surtout le bois de feu a diminué (Article II). Arbres et arbustes 
contribuent aux services écosystémiques multiples. Cependant, leurs effets à 
l'échelle du paysage, en dehors de l’influence d’un seul arbre, doivent être 
mieux étudiés (Article IV). Les principales contributions de la thèse sont le 
développement de méthodes pour inclure la perspective locale dans l'évalua-
tion des services écosystémiques jusqu’à une échelle pertinente pour les 
interventions de développement, ainsi que l'application de la méthode de 
l'analyse historique de l'évolution des services écosystémiques. 



 

 



 

Gomda koêg-koêga 

Rasem-pʋi tẽng, tẽn-bãneg nebuida maoda wankat fãa, ne b zãmaana weoog 
sẽn yaa soab, n kell n tũ ne rẽ sabab n dit-b viim yõodo. Wankat kãng me, 
zãmaan kãng weooga arzɛkã toemda wʋsgo, n tũud a sasa rãmbã. B ne-buida 
wʋsg sẽn vi talmd pʋgẽ, n paas na-kẽnds wʋsgo sõngdbã sẽn dike, sẽn na 
yilẽ ti talemda wooge, naaga taab bab kãnga pʋgẽ. Na-kẽn wʋsgo, sẽn na 
sõng ti tẽnga toem n kẽng taoore, singa hal zi-kʋir sasa, yʋʋm 1970 n tãag 
yʋʋm 1980 wankate, n wa ne kom la a sãam tẽn-gãonga. Tẽn-kʋiira yi 
sabaab ti ãduni wã zãadb tigm taab n sõse, na yilẽ n paam yam sõmse n gidg 
rasem-pʋigã. La hal yʋʋm 1982 wakate, sẽn tũ ne magb ne nasaar masin 
rãmb b sẽn boond ti satelit bɛda wilgame ti tiisã selb kitame ti tiisa sõor paas 
rasem-pʋi tẽng zamaana zĩis wʋsgo. La rẽ fãa, tiisa sõor paasg sẽn toem neb-
uida arzɛk pʋgẽ pa sigl sõma ye. Sẽn na yilẽ la d tõong n bãng weooga ma-
negr sẽn toemd adem-biisa arzɛk pʋgẽ, magb sẽn kẽed ne neba ne b weooga 
viim, yõod ning sẽn be zood kãnga pʋgẽ n kõ tẽ-bãanega n tõe n sõng ti yel-
kãnga paam faango. Ne rẽ fãa, d yãndame ti tʋʋm-noe sẽn get nisaalba ne 
weooga viim, bãmb tʋʋma pa yã pʋgb sõma sẽn na wilg-b tʋʋma vẽenem ye. 
Sẽn yiid fãa, ya tẽn-bãnega wɛɛgẽ. Sẽn le paasde, pa wankat fãa la magba 
tũud na-kẽnd sẽn sõngd ti tẽn-bõonga bãngr yi fasi ye. La kell n yi na-kẽndr 
sẽn tõe n tũ n me tẽnga.  
 
Tags kãnga pʋgẽ, d bao n bãnga rasem-pʋi tẽng weooga sẽn ya a soaba, ne a 
sẽn toemd toto. Rẽ ya sẽn tũud ne tʋʋm-noya tagsgo. D tõe n dika tʋʋm-noe 
nins sẽn get weooga ne neba viima, wa na-kẽnds sẽn sõngd neba ti b viima 
yolsdẽ. Sã n ya ne rasem-pʋi-tẽnga, d sõmb n bãngame ti ya neba viim ne 
weooga sẽn ya a soab biis la tʋʋm noya sẽn wat ne b rãmbã a ne ninsaalba 
tʋʋma sẽn wat ne zu-loes ninsa. Makre, ki kẽebg ya tiis wekr yalẽ a ne rilsa 
buud toor-toore, a le ya ne bõ-buudu, koodo n paas birgã, koaabã sẽn tum ne. 
Makr a to, ya tẽn-gãonga sãbr koglg sẽn tũud ne ti-bɛd la tuud sabaabo, ti ti-
kãesa sã n koglgame bi b selb la zĩig ning a sẽn na sõng tẽn-gãonga ta a yerg 
ye. 
 
Tags kãnga zu-raoog gomda rasem-pui tẽng tẽn-bõonego, n paas Burkina 
Faso win-goagb tẽn-bõoneg a yoobe, d sẽn vaes n ges sõama. Tẽn-bõoneg 
kãesa pʋgẽ, d rika na-kẽndre sẽn sõngd ti tẽnga rãmb kẽes b mense, ti d tõog 
n vaes la d gʋls weooga kõbgo ne tẽnga rãmb sẽn mi a toto. Se n ya ne tẽnga 
rãmba, b bilgda weooga yalẽ wa bũmb sẽn tũud ne tẽn-gãonga yãmbgo, n 



 

pass yɛll a taaba. M le tika na-kẽndr sẽn kẽesd tẽnga rãmb tʋʋmda pʋga, n 
bãk tʋʋm-noe sẽn get neba viim ne weooga tʋʋm sẽn be tʋʋm-noor fãa pʋgẽ, 
a ne tʋʋm-no kãesa yõod sẽn kẽed ne arzɛk sẽn sõngd ne neba zãabo (pipi 
gom-zugu). Gom-zuga a yiib soaba pʋga, weoog kõbgo d sẽn tik b rãmba, d 
rik b lame n bao n bãng tʋʋm-no kãesa sẽn n tõong n toem toto ne sasa 
rãmbã. Yʋʋm 1952 a ne 2016 sʋka, weooga toeng tẽn-ba ̃ãnega pʋsẽ, maka 
ne naana sẽn yi fot rãmb sẽn dik yĩngri, bi naan sẽn yi satelit rãmbẽ, fãa sẽn 
naag ne koees d sẽn paam d sõsga pʋgẽ (gom-zug a yiib soaba). Gom-zug a 
tãab soaba pʋga, na kẽdr ning d sẽn dik pipi gom-zuga pʋgẽ wã,na-kẽnd 
kãnga d teka la porvinsa pʋga. Rẽ yĩnga, na-kẽnd a to la d rik ya, sẽn na sõng 
ti d tõog n bãk weta buud toor-toore satelit landsat naana zutu, sẽn zems 
porvins a yey yalem (gom-zug a tãab soaba). 
 
Baasg gom-zuga gomda rasem-pʋi tẽng babg a yey, Afrik nin-taoor soolemẽ, 
sẽn na n yilẽ n ges weooga ning sẽ bebe, n ya weooga menga. D tika vaesg 
sẽn kẽed ne tʋʋm-noy nins sẽn be beeni wã, sẽn gʋls sɛb zutu, n gomd tiisa 
la tuuda, we-koodsẽ bab kãnga pʋga (gom-zug a naas soaba). Weoog fãa ne 
a gʋlga, ne tʋʋm-noya fãa sẽn be we-kaesa fãa pʋgẽ kell n wõnda taab tẽ-
bõonega fãa sẽn be babs a yiiba pʋgẽ (pipi gom-zugu). Wetã sẽn waoog fa ̃ã 
kõta yõod wʋsgo ne tʋʋm-no tirse (pipi gom-zugu). Wet nins ne tʋʋm-noy 
nins d sẽn tika faama porvins rãmbẽ wã babs a yiiba pʋga, ti wet nins sẽn 
puk wʋsga tõe n sigl naan zutu, ti vẽenem wʋsg be silisigidẽ wã (gom-zug a 
tãab soaba). D sã n tik toeng sẽn zĩnd yʋʋm 1952 n wa yʋʋm 2016, kooda 
paasame, rũmsa sõor paa a zĩigẽ, ti meeba teedo la buguma raado booge 
(gom-zug a yiib soaba). Tiisa la tuuda sõngda wʋsgo, la baasg zãnga, b tʋʋm 
weooga pʋga, sã n dok ti yend sẽn puk sõama, segdame ti d vaes wʋsgo 
(gom-zut a naas soaba). Tags kãnga sõngdame ti d paam na-kẽnds sẽn kẽesd 
tʋʋm bõonega fãa magba pʋgẽ, ti tõe n sõng ti kẽes m meng babgã taor kẽnd 
zĩndi. 
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Prologue  

It is 6.45 pm, and the nightfall is rapid now. M arrives in the courtyard carry-
ing a covered bowl with zom koom (gruel made from millet, water and juice 
from tamarind fruit) and three plastic mugs, and sits down outside the house. 
He drinks the first mug, and then passes it on to his sons. It is an evening 
during Ramadan, and it is the time to break the fast. It has been a long day. 
The younger sons have been up since shortly after 4 am, and after the morn-
ing prayers they brought the sheep to graze far away from the fields. Later 
they joined M, his wife and daughters in one of the fields to weed and thin 
the millet and sorghum with hand hoes. Some of the women also picked shea 
fruits and baobab leaves, and put the grains and leaves to dry in the sun. 
When the heat of the sun decreased, women walked past with bunches of dry 
branches on their heads, coming from the remote parts of the village and 
going home to start the rhythmic sound of the wooden mortars, the first step 
of the preparation of the evening meal. Millet or sorghum from last year was 
taken from the granaries, which were constructed from branches and woven 
grass. It is the end of July and the stocks are running low, but there are still a 
couple of months that need to be covered before this years crops are ready to 
harvest. The sheep are back in the enclosure between the house and the 
shower. When Tabaski (Eid al-Adha, islamic holiday) approaches and the 
demand and prices are high, M will put most of the sheep on a lorry platform 
and transport them to Bobo-Dioulasso and sell in the market. The evening 
meal, sorghum tô (thick porridge) and sauce from fresh baobab leaves, is 
soon ready. While waiting, the men sit down on a large dry tree trunk just 
outside M’s courtyard to discuss the day in the fields, the application of min-
eral fertilizers, their animals or, if they have nothing to say about these sub-
jects, politics. 
 
This thesis is about the landscape where M and his family, as well as many 
other smallholder farmers in his and neighboring villages, live their everyday 
lives and develop livelihood strategies. It speaks to an audience who wants 
to learn about this reality, and about how these landscapes are perceived and 
can be assessed as a basis for decision-making to improve well-being with-
out degrading the landscapes that the livelihoods depend on. 
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1. Introduction  

Smallholder farmers and pastoralists across the Sahelian and Sudano-
Sahelian climatological zones of West Africa (Box 1) depend on multiple 
benefits from managed landscapes1 in their everyday lives. I will use the 
broad term “Sahel” when referring to both these climatological zones. In the 
Sahel, 70–92 % of the total population has agriculture as their main liveli-
hood activity (FAO, 2014). Almost all, 94-99 %, of the cultivated land is 
rainfed (FAO, 2005). The landscape is highly variable in productivity, both 
spatially and at seasonal and inter-annual timescales. The probability of yield 
reductions is high due to high rainfall variability (Lemoalle and de Condappa 
2010). Poverty is widespread in the region, with up to 74 % of the national 
populations living in severe multidimensional poverty with deprivation 
scores of 50 % or more across indicators of education, health and standard of 
living (UNDP 2015). The Sahel is thus one extreme of the global sustainabil-
ity challenge. In the Sahel there is a strong need to improve human well-
being in the context of high direct dependency on landscapes combined with 
challenging biogeophysical conditions, and to achieve these improvements 
without degrading the landscapes that the livelihoods are dependent on. 
  
In response to the challenges outlined above, the Sahel is in focus for many 
interventions. Countries in the region receive substantial development assis-
tance for agriculture (Douxchamps et al., 2014; FAO, 2014). Interventions 
aiming at improving land management and increasing woody vegetation 
have been launched in the region both to improve livelihoods (FAO, 2013a) 
and for carbon sequestration to meet global targets for reduced carbon diox-
                                                        
1 The use and meaning of the concept landscape has varied across disciplines, cul-
tures, and over time (Wylie 2007).  For this thesis I use the definition by Selman 
(2012): “Landscapes are territories where human and environmental processes find 
their integration”. It entails that landscapes have stored information, slowly chang-
ing variables and are subject to continuous transformation. Landscapes are “spatiali-
ty constituted through social and environmental practice” (Cosgrove 2006), meaning 
that their spatial extension should be defined depending on the question at hand. As 
we will see in chapter 3.1, “Landscapes are not just about what we see but about 
how we look” (Wylie 2007).   
 
2 Today, it also includes Mauretania, Guinea, Côte d’Ivoire, Niger and Benin 
(CILSS 2016). 
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ide emissions (Kambire et al. 2015). Other large-scale initiatives in the re-
gion aim to build resilience to food insecurity and the effects of climate 
change (OECD, 2016) and, resilience to chronic stresses and shocks (Global 
Resilience Partnership, 2016). The interest in the Sahel, its dynamics and 
how it can be developed is not new, but has been part of Western science 
and thinking since early colonial times. Theories of what the landscape 
should look like in a natural state combined with droughts and evidence for 
local land degradation have caused recurrent concerns of widespread land 
degradation and desertification, and debate on whether humans or natural 
processes have caused this degradation (see chapter 3.1). Droughts causing 
famines drew international attention to the region in 1972-1974 and 1983-
1985. These droughts were part of a longer dry period lasting from the end 
of the 1960s to the mid-1990s (Le Barbé et al. 2002). Droughts had also 
struck earlier during the 20th century, namely in 1910-1916, and 1941-1945, 
while the 1930s, 1950s and the beginning of the 1960s had a relatively high 
number of years with above average rainfall (Giannini et al., 2008a; 
Koechlin, 1997). The droughts made the region a focus for many donors for 
various reforestation and land management projects. More recently, local 
case studies of farmers’ adaptation to a highly variable environment and the 
development of strategies to cope with droughts have attracted attention. At 
the same time, studies of trends based on large scale satellite data have 
shown a recovery of vegetation since the severe droughts of the 1970s and 
1980s, and signals of greening in large parts of the region (see chapter 3.2).  
 
While Sahelian landscapes and their changes have been studied in many 
scientific disciplines, - inter- and trans-disciplinary approaches to address the 
sustainability challenge of alleviating poverty while maintaining the capacity 
of landscapes to deliver ecosystem services that people depend on in the 
long term - are lacking. Integrated social-ecological studies from the Sahel 
are rare beyond detailed village-scale studies (see chapter 5) and a study of 
social-ecological patterns across the whole West African Sahel (Raynaut 
1997). Further, while the concept of resilience is increasingly used in devel-
opment projects and to motivate scientific studies in the Sahel, studies with 
an integrated social-ecological perspective on resilience are limited (based 
on a literature search in Web of Science and Google Scholar conducted in 
April 2016). An integrated social-ecological perspective (see e.g. Folke et 
al., 2010) is however necessary to understand and address the sustainability 
challenge in the Sahel from two points of view. First, since it is human activ-
ities on a global scale that change the climate with unknown effects on Sahe-
lian rainfall, which millions of smallholders depend on, the challenge must 
be addressed on global scale. Second, it is important to understand how local 
landscapes and the benefits obtained from these are shaped by a combination 
of biogeophysical and social processes, and thus how interventions on a lo-
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cal to sub-national scale can contribute to or cause trade-offs for sustainable 
poverty alleviation. This thesis is focused on this second aspect.  
 
Box 1. The Sahel 

 

 
Figure 1. Landcover in the Sahelian (mean annual rainfall 1961-1990: 250-500 mm) and 
Sudano-Sahelian (mean annual rainfall 1961-1990: 500-900 mm) climate zones of West 
Africa. The climate zones are separated with a blue line. Landcover data from GeoNetwork 
through Global Land Cover Network (FAO 2013b) based on Globcover regional Archive for 
Africa 2005. Climatological zones based on (FAO, 2004). 
 
The Sahel is a semi-arid transition zone between the Sahara desert in the 
north, and the humid Sudanian zone in the south. The name comes from the 
Arabic sāḥil, meaning coast or shore (of the Sahara desert). The exact 
boundaries of the Sahel are defined slightly differently for climate zones, 
agro-ecological zones and in a geopolitical context. Focusing on the West 
African Sahel, the countries Senegal, Mauritania, Mali, Burkina Faso and 
Niger are often included when referring broadly to the Sahelian countries. In 
this thesis, I focus on the Sahelian and Sudano-Sahelian climate zones of 
West Africa defined by a mean annual rainfall ranging from 250 to 900 mm 
(Figure 1), from Senegal to the Niger-Chad border. The field studies in the 
thesis were conducted in northern Burkina Faso, in the middle of the zone. 
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The perceptions of human-landscape interactions among scientists and poli-
cy makers have shaped interventions in the Sahel for a long time. Previous 
experiences have shown that interventions must be locally relevant and ad-
dress local needs in order to be successful (see e.g. Douxchamps et al., 
2014). Therefore, assessments including local priorities are needed to create 
knowledge that can be useful for interventions. One aspect that can improve 
social-ecological understanding of the Sahel is thus how local knowledge 
and priorities can be included in assessments while producing results that 
give an overview of how people depend on landscapes on spatial scales rele-
vant for interventions. The need for such an overview of how people benefit 
from (managed) ecosystems suggests that the ecosystem services framework 
can be useful. However, ecosystem services assessments often do not in-
clude multiple ecosystem services from locally relevant landscape units 
(Potschin and Haines-Young 2012) and models of ecosystem services sel-
dom include local knowledge (Peterson et al. 2016). Moreover, decisions of 
which ecosystem services to include in assessments are rarely based on the 
priorities of local stakeholders (Chan et al., 2012a; Martín-López et al., 
2012). Further, the dominant practice of mapping ecosystem services on 
relatively large scales using secondary data and land cover maps (see 
reviews on ecosystem services mapping e.g. by Crossman et al., 2013; Egoh 
et al., 2012a; Malinga et al., 2015; Martínez-Harms and Balvanera, 2012) 
often miss, for example, wild foods (Crossman et al. 2013), which are gener-
ated in areas with another dominant land use. For example cropland, which 
in the Sahel is predominantly an agroforestry system, generates multiple 
ecosystem services that have been documented on a field scale in, for in-
stance, the agroforestry literature (see e.g. Bayala et al., 2015).  
 
To improve the understanding of change in Sahelian landscapes, ecosystem 
services assessments must also include a historic perspective. However, ap-
proaches to study change in ecosystem services over time are rare 
(Nicholson et al. 2009, Bürgi et al. 2015, Berbés-Blázquez et al. 2016) and 
existing methods are based on relatively detailed secondary data (Renard et 
al. 2015) or historical documents (Wilkinson et al. 2013, Bürgi et al. 2015), 
data sources that are not available in the Sahel countries. With these gaps in 
the ecosystem services literature, methodological development of ecosystem 
services assessment is necessary to suit the Sahel context. The scarcity of 
secondary data in many countries in the Sahel, and the need to include local 
priorities, imply that studies based on fieldwork are necessary. 
 
This thesis aims to use the ecosystem services concept to create an overview 
of how local people benefit from Sahelian landscapes, and as a way to bridge 
literatures about the Sahel. It aims to develop methods to include the per-
spectives of local people on their landscapes and their priorities with respect 
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to ecosystem services in ecosystem services assessments. This perspective is 
important for two reasons. First, as all knowledge systems are partial, local 
knowledge is an important source to improve overall knowledge of ecosys-
tem services in a location. Second, local realities and rationales must be un-
derstood for interventions to be relevant and legitimate. The thesis further 
aims to develop methods for how local knowledge can be included in as-
sessments of change in ecosystem services over time, and on scales relevant 
for management. Through this, it aims to contribute to new ways to think 
and talk about Sahelian landscapes, where local understanding and priorities, 
as well as a multifunctional perspective on landscapes are included beyond 
the context of village scale studies and approaches. Finally, the thesis aims 
to generate basic knowledge on which to develop models for how changing 
management of Sahelian landscapes can change landscape units and the gen-
eration of multiple benefits to local people, which can be useful for sustaina-
ble poverty alleviation. 
 
In the thesis I address Sahelian landscapes under three main themes (A-C), 
each with one or two research questions (1-4):  

A. Social-ecological interactions in rural Sahelian landscapes today, 
with a particular focus on what local landscapes mean for liveli-
hoods using the lens of ecosystem services and benefits.  

1) Which local ecosystem services are of key importance for 
people and how are these ecosystem services spatially dis-
tributed in village landscapes? 

2) Which benefits do local ecosystem services generate for 
livelihoods? 

B. Change in ecosystem services from local landscapes over time in re-
lation to observed landscape change in the Sahel. 

3)  How has the generation of ecosystem services and benefits 
changed over time since the 1950s? 

C. Development and application of ecosystem services assessment 
methods in the Sahelian context of high direct dependency on local 
ecosystem services but limited data availability. 

4) How can the local user perspective be included in ecosystem 
services mapping at different spatial scales? 

 
The following chapters in the thesis are organized as follows. First, in a 
background section, I introduce the Sahel region with a focus on dominant 
biophysical conditions and livelihood activities in rural areas, give an over-
view of institutions for natural resources management, and describe changes 
over time in the Sahel, both in the environment and in perceptions of the 
environment. Second, I introduce the concept of ecosystem services and, 
being aware of its contested nature; I specify how I use it in the thesis. Third, 
I map out the niche of the thesis in relation to relevant scientific fields ad-
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dressing the Sahel. Fourth, I describe the research approach applied in the 
thesis including the study sites for the empirical work and methods used. 
Fifth, I present the results in the format of a summary of each of the four 
papers included in the thesis. Finally, I discuss these results in relation to the 
themes of the thesis, outline areas of future research, and conclude with in-
sights from the thesis. 
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2. Introducing the Sahel  

The generation of ecosystem services in landscapes depends on biophysical 
conditions and management. In this chapter, I first give an overview of bio-
physical characteristics and dominant livelihood strategies that shape land-
scapes and the associated benefits in the Sahel. In the second section, I brief-
ly present the institutions that shape the management of local landscapes in 
the Sahel. 

2.1 Managed landscapes with high spatial, seasonal and 
inter-annual variability 
Sahelian landscapes are characterized by a mosaic of land covers and land 
uses ranging from grasslands and bare areas in the north - through mosaics 
of grassland/shrublands and rainfed cropland in the middle of the zone - to 
forest/shrubland mosaics in the south (Figure 1; Figure 2a-b). This follows 
the gradient in annual rainfall which decreases about 145 mm per 100 km 
from 900 mm in the south to 250 mm in the north of the zone (Mortimore 
2010). The rain has a strong seasonal pattern with the rainy season ranging 
from April to October in the south, and from June to September in the north 
(Koechlin 1997). The dry season is relatively cool in November and Decem-
ber, and then increasingly hotter with temperatures peaking in April. The 
time available for active vegetation growth, when rainfall is greater than or 
equal to half of the potential evapotranspiration ranges from 2.5 months in 
the north to 5 months in the south (Koechlin, 1997). The agricultural practic-
es follow this seasonality (Figure 2c). 
 
Pastoralism is the dominant livelihood strategy in the grasslands in the north, 
while rainfed agriculture is dominant in the southern Sudano-Sahelian zone. 
These livelihood strategies are often integrated, with farmers also keeping 
livestock, and pastoralists also cultivating crops. The rainfed croplands are 
characterized by scattered trees on the fields, often referred to as parklands. 
These agroforestry systems have a long history and were described in what 
is now Mali by Mungo Park in 1796, and in what is now Nigeria by Clapper-
ton 1829 (Pullan 1974). The average woody canopy cover across the whole 
Sudano-Sahelian zone has been estimated to 7 %, with a range from 2 % in 
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the north to 15 % in the south (Brandt et al. 2016b). The dominant crops are 
sorghum, millet and maize, combined with the cash crops cotton, groundnuts 
and sesame. Millet is the dominant cereal in the northern part of the Sahel, 
while maize is more common in the southern part. Millet and sorghum are 
often intercropped with cowpeas. Large areas are still cultivated with hand 
hoes, which implies a high labor input. Crop yields are generally low across 
the Sahel due to the spatial and temporal variability of rainfall, poor soils 
and little nutrient input, in addition to lack of manpower, draught animals 
and tools (Lemoalle and de Condappa 2010). In Niger, Senegal, Mali and 
Burkina Faso, the average (2008-2014) yield of sorghum and millet ranges 
from 370 to 1,000 kg ha-1 (FAO, 2016). While total rainfall gives an indica-
tion of whether the year was good or bad for agriculture, the ecological and 
agricultural implications depend to a high degree on when the rainy season 
starts, the length of the rainy season, the number of rain days, and the fre-
quency of dryspells during the season (Koechlin 1997).  
      
a) b) 

  
c) 

Figure 2. a) Field with scattered trees in northern Burkina Faso; b) shrubland in northern 
Burkina Faso; c) Seasonal calendars of main agricultural activities and harvest times during 
the year in northern Burkina Faso (based on fieldwork). 
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2.2 Institutions for natural resources management 
Institutions for natural resources management are (following the definition 
by Hodgson (2006)), established systems of formal and informal rules that 
shape how people manage their landscapes to obtain certain benefits. These 
institutions at different levels are central for addressing sustainable poverty 
alleviation in the Sahel. Institutions affect the co-production of ecosystem 
services by providing the rules for who gets access to land, and which tech-
nologies become available, for example through making available or pro-
moting new or improved varieties of crops, or new soil management strate-
gies. This section presents a short overview of the institutional context for 
natural resources management in Burkina Faso, the country in focus for the 
empirical work.  
 
Natural resources management in Burkina Faso is characterized by a co-
existence of formal national institutions and traditional institutions 
(Lemoalle and de Condappa 2010). Traditional authorities often decide on 
tenure and access to land and water. The main traditional authority for natu-
ral resources management on the village scale is the chef the terre (Land 
chief), who holds the knowledge of the different boundaries in the village 
and the history of their evolution (Brockhaus 2005). The position as chef the 
terre is inherited from father to son within the first-arriving family among 
the original settlers in a village. Newcomers to a village who want to culti-
vate ask the chef the terre for available land. Cultivated land is private prop-
erty inherited within each family. It can be lent to someone else, but tradi-
tionally not sold. Planting trees on a field is traditionally an indicator of ten-
ure property (Brockhaus and Kambiré 2009). Shrublands belongs to the chef 
de terre, and therefore to the whole village. It can be shared between several 
villages, but only people from these villages have the right to use resources 
from this land. The chef de terre also holds the knowledge of the rules for 
the ritual use of trees and tree products, and performs the rituals related to 
the sacred forest.  
 
The responsibility for management of natural resources within the national 
institutions is to a large extent decentralized to municipalities, including 
responsibility for agriculture and water resources, livestock, environment 
and sustainable development (Bagré et al. 2003, Ministère de l’Agriculture 
de l'Hydraulique et des Ressources Halieutiques 2011). The transfer of au-
thority to the local level is relatively recent, where municipal councils were 
formed for the first time after elections in 2006, following a fifteen year long 
decentralization process (Brockhaus and Kambiré 2009). The administrative 
units of Burkina Faso include 13 regions, 45 provinces and 351 municipali-
ties. The provincial administrations of the relevant ministries (environment, 
agriculture and livestock production) should have a supervising role in this 



 34 

local management of natural resources. All municipalities are obliged to 
develop a local plan for environmental action (Plan Local d’Actions Envi-
ronmentales) to integrate environmental aspects in local planning decisions 
(Ministère de l’Agriculture de l'Hydraulique et des Ressources Halieutiques 
2011). This national institutional setting is not fully developed, but has po-
tential to be important for addressing sustainable poverty alleviation in 
Burkina Faso. 
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3. The Sahel: Long-term trends and 
interpretations 

Long-term trends in rainfall are remarkably similar across the Sahel, with 
alternating periods of below normal rainfall and above normal rainfall in the 
Saharo-Sahelian, Sahelian and Sudanian climate zones simultaneously 
(Nicholson 2000). The understanding of Sahelian landscapes in academia 
and practice has been shaped by these cycles of drier and wetter periods, and 
through the interpretations of the reasons behind these conditions. The de-
gree to which human management of the landscape locally affects rainfall 
and the status of vegetation, as compared to larger-scale climate processes, 
has been the topic of significant debate. The interpretation of long-term 
changes has affected the formation of institutions for natural resources man-
agement, investments in technologies related to natural resources manage-
ment, and the willingness to include local knowledge in natural resources 
management at different levels.  

3.1 Desertification – a persistent narrative 
Droughts in the Sahel in the beginning of the 1970s caused concerns about 
widespread irreversible desertification in the region (Swift 1996, Reenberg 
2012). As a response, the Permanent Interstate Committee for Drought Con-
trol in the Sahel (CILSS) was created in 1973 by Burkina Faso, Cap Verde, 
Chad, Gambia, Guinea Bissau, Mali and Senegal2 (Reenberg 2012). The 
droughts also yielded a response outside the Sahel countries, for example 
resulting in reports on the causes and effects of desertification by the United 
nations (UN), leading up to the United Nations Conference on Desertifica-
tion (UNCOD) in Nairobi 1977 (Herrmann and Hutchinson 2005, Toulmin 
and Brock 2016). At the Earth Summit in Rio 1992, a commitment was 
made to establish the UN Convention to Combat Desertification (UNCCD) 
alongside the UN Framework Convention on Climate Change (UNFCCC) 
and the convention on Biological Diversity (CBD). The UNCCD defines 
desertification as land degradation in arid, semi-arid and dry sub-humid are-

                                                        
2 Today, it also includes Mauretania, Guinea, Côte d’Ivoire, Niger and Benin 
(CILSS 2016). 
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as resulting from various factors, including climatic variations and human 
activities (unccd.int). This quite broad definition of desertification has al-
lowed the concept of desertification to be used in contexts promoting a par-
ticipatory perspective on development (Behnke and Mortimore 2016). How-
ever, the concept originates from the beginning of the 20th century, based on 
ideas that date back to the beginning of the 19th century, and has been a 
useful argument for increased control from colonial administrations and 
nation states. Most of the time, local populations have been accused of caus-
ing the observed degradation. 
 
The term desertification (désertification) was first used by the French forest-
er Lavauden in 1927, in a context where it accused herding nomads in the 
Sahel of creating desert like conditions (Davis 2016). Already in the begin-
ning of the 20th century, the established view among colonial officers was 
that it was nomads, not the expansion of agriculture on marginal lands or 
over-irrigation, that had caused deforestation and land degradation (Davis 
2016). This view was used as an argument for the settlement of nomads. 
During this time, France controlled about 75 % of the Sahel, and environ-
mental management was therefore largely influenced by French thinking 
(Davis 2016). In the 18th and 19th centuries, French but also British scien-
tists and thinkers had developed ideas on what a pristine or potential dry-
lands landscape could look like. These ideas were partly built on colonial 
experiences of land degradation due to deforestation in tropical areas. There-
fore, in an article from 1853, the French scientist Bequerel attributed the 
existence of deserts in Africa to deforestation (Davis 2016). The desiccation 
theory, which suggested that deforestation causes decreased rainfall and 
reforestation increases rainfall, was established, particularly in France.  
 
Despite being a decade with relatively high rainfall, influential writing on 
desertification occurred during the 1930s. In the mid-1930s, the forester 
Stebbing traveled through the British and French colonies in West Africa 
and drew conclusions that influenced writing about desertification for a long 
time (Swift 1996, Toulmin and Brock 2016). His main ideas were that there 
is a measureable rate of expansion of the Sahara desert, that this rate had 
increased due to human population increase and mismanagement of land 
(shifting cultivation, extension of cultivation, grazing pressure and bush 
fires) causing desiccation (Swift 1996). Stebbing proposed increased gov-
ernment authority over agricultural practices. During the same time, high 
population growth in the Northern Gold Coast (today’s Ghana) was by colo-
nial administrators attributed to immigration from the French colonies in the 
north following dessication and degradation. However, local administrators 
questioned this theory because if it were true, people would migrate not only 
to the British Gold Coast, but also to the French Côte d’Ivoire (Breusers, 
2001, p. 15-16). These explanations and solutions suited the French colonial 
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administration, as it did not question if French colonial policies were a rea-
son behind the migration, and gave support to their argument for planned 
centralization of natural resources management in the colonies, particularly 
through water and forest (eaux et fôrets) administrations (Toulmin and 
Brock 2016).  
 
The findings by Stebbing could not be confirmed by the Anglo-French forest 
commission, a group of scientists who did fieldwork along the Niger-Nigeria 
border in 1936-37. By contrast, they did not find general patterns of change 
in woody vegetation. In some areas the vegetation seemed to decrease, while 
it increased in others. Cultivated areas had expanded and erosion was a prob-
lem on a local scale, but no large-scale desert movement could be observed. 
The commission also critizised Stebbing’s assumptions that savanna vegeta-
tion was degraded forest (Swift 1996). Despite this critique, French and later 
British colonial officers were convinced that the Sahara was encroaching 
southwards, and the desertification narrative persisted for example through 
the UN arid lands program (Davis 2016), which ran  from 1956 to 1962 
(Batisse 2005). It was not so much used for a couple of decades, but when 
the drought and famines struck in the early 1970’s, the crisis narrative once 
again became resonant and applicable. Charney (1975) suggested that feed-
backs from reduced vegetation in the Sahel could perpetuate the arid condi-
tions in the region caused by a period of dry years. People in the Sahel were 
blamed for the degradation of their environment, and sometimes even for 
causing the droughts in line with the dessication theory (Herrmann and 
Hutchinson 2005). Ecological processes as well as rural livelihoods and land 
use systems in arid and semi-arid areas were in the early 1970s interpreted 
within the equilibrium paradigm, implying that for each site there exists a 
‘climax’ vegetation which should be kept stable by land use practices 
(Herrmann and Hutchinson 2005). Observations of environmental degrada-
tion in the Sahel after the droughts were therefore interpreted by scientists 
and government officials as caused by a human population exceeding the 
carrying capacity of the land, and that local people overused and misman-
aged their local environment thus causing or exacerbating droughts 
(Herrmann and Hutchinson, 2005; Swift, 1996). Cultivation of too dry land, 
too high livestock densities and extensive cutting of firewood were seen as 
the main causes behind the degradation, with low rainfall seen as a second-
ary factor (Swift 1996, Mortimore and Adams 2001). 
 
The desertification narrative has been persistent, despite the fact that evi-
dence for widespread degradation or data on the rate of desertification is 
lacking. The few spatial mappings of desertification that exist are based on 
expert opinion. It is not clearly defined in these attempts if they represent 
existing degradation, degradation in progress or areas at risk of degradation 
(Prince 2016). However, the categories of severity seem to indicate states of 
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degradation rather than rates of change (Mortimore 2016). It is particularly 
problematic that the spatial mappings lack comparison with sites considered 
non-desertified, as well as some kind of validation (Prince 2016). This chap-
ter has shown that local people, who are most affected by degradation, have 
not only experienced vulnerable livelihoods, but also been perceived as a 
negative force that causes degradation. Local knowledge has therefore not 
been included in national institutions, policies and interventions. 

3.2 The desertification narrative questioned 
The narrative of widespread degradation and desertification of the Sahel was 
challenged at the end of the 1980s and beginning of the 1990s. The evidence 
for a southward expansion of the Sahara desert, and the accusation pointed at 
local people being the cause of degradation and desertification was ques-
tioned (Forse 1989, Mortimore 1989, Swift 1996). Studies showed how 
farmers had developed flexible strategies to deal with an environment that 
has been uncertain for generations (Watts 1987, Mortimore 1989). In the 
forest-savanna mosaic zone of West Africa, the degradation narrative was 
criticized for misreading the dynamics of the landscape and the role of local 
people in actually increasing vegetation cover (Fairhead and Leach 1995, 
1996). These studies did not deny evidence for local degradation, but these 
local cases seemed to have been incorrectly extrapolated to the wider region 
(Prince et al. 1998).  
 
On the biophysical side, researchers became interested in measuring the 
actual effect of land management and land use change on the climate. The 
research project Hydrologic-Atmospheric Pilot Experiment in the Sahel 
(HAPEX-Sahel) was set up in Niger in the beginning of the 1990s to im-
prove knowledge on the interactions between land surface processes and 
climate, and to measure the effects of vegetation changes on these processes 
(Goutorbe et al., 1997). Studies within the project generated data on rainfall 
distribution in space and time, variability in evapotranspiration, and the re-
distribution of rainfall at the soil surface, which could feed into earth system 
models. Adding sites in Mali and Benin, the Couplage de l’Atmosphère 
Tropicale et du Cycle Hydrologique project within the African Monsoon 
Multidisciplinary Analysis (AMMA-CATCH) continued to measure land 
surface processes with improved equipment, and also monitor vegetation, 
creating valuable time series (Lebel et al., 2009). In contrast to the hypothe-
sis of perpetuated arid conditions due to decreased vegetation (Charney 
1975), Folland et al. (1986) attributed the climate trends in the Sahel mainly 
to patterns of sea surface temperature across the global oceans.  
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Re-greening of the Sahel - A counter narrative based on remote 
sensing and local case studies 
At the end of the 1990s, a sufficiently long time series of remotely sensed 
vegetation data started to become available, including data from Landsat 
since 1972, and data from the Advanced Very High Resolution Radiometer 
(AVHRR) since 1978 (Mbow et al. 2015, Karlson and Ostwald 2016). This 
data allowed for large-scale studies of interactions between rainfall and veg-
etation. AVHRR data in particular has been used in several studies of vege-
tation trends over the whole Sudano-Sahelian West Africa. Prince et al. 
(1998) combined rain gauge data and monthly maximum values of Normal-
ized Difference Vegetation Index (NDVI) based on AVHRR data in order to 
calculate how the rain use efficiency (RUE; the ratio of net primary produc-
tion to rainfall) had changed over the period 1982-1990. The study showed 
that no large scale degradation of the Sahel could be observed as the rain use 
efficiency was relatively stable over the period, meaning that primary pro-
duction more or less followed variations in rainfall.  
 
In the mid-2000s, the “greening” or “re-greening” (WRI, 2008) of the Sahel 
was in focus for several remote sensing studies. Increased vegetation green-
ness both in terms of NDVI amplitude (amount of vegetation at peak) and 
NDVI integral (total vegetation over the whole growing season) from 1982 
to 1999 was observed (Eklundh and Olsson 2003, Olsson et al. 2005). The 
NDVI amplitude reaches a saturation point before the seasonal peak of vege-
tation growth. In contrast, the integral can continue to increase due to an 
increased length of the season and an increase in vegetation during the part 
of the season when saturation is not reached. Increased monthly maximum 
NDVI over the period 1982-2003 (Herrmann et al., 2005) and increased net 
primary production (NPP) 1982-1999 (Seaquist et al. 2006) has been ob-
served over large parts of the Sahel.  
 
Interest in the remotely sensed time series data was not only about establish-
ing vegetation trends per se, but also about studying what was causing these 
trends. Could the vegetation recovery since the drought years in the late 
1970s and early 1980s only be attributed to a recovery of rainfall, or could 
improved management of vegetation be a factor behind the observed in-
crease? NDVI residuals, when the correlation with three months cumulative 
rainfall (the rainfall measurement that vegetation is strongest correlated to in 
this area) was removed, showed an increase in vegetation across large parts 
of the Sahel, which seemed to be related to factors other than rainfall. One of 
these factors could be management (Herrmann et al. 2005). A similar dis-
connection between NDVI data and rainfall measurements was found by 
Olsson et al., (2005), as almost all rainfall stations in their study had a posi-
tive NDVI trend, but only half of them had a positive trend in rainfall.  
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In parallel to these large-scale remote sensing based studies, local case stud-
ies from Burkina Faso and Niger reported how farmers, supported by NGO 
technical staff, made innovations to improve land management practices and 
restore degraded land. In Niger, Farmer Managed Natural Regeneration 
(FMNR) of trees has established the practice of agroforestry on formerly 
degraded land (Tougiani et al. 2009) which has increased the speed of spe-
cies diversity restoration (Larwanou and Saadou 2011), and improved liveli-
hoods and reduced conflict (Sendzimir et al. 2011). In Burkina Faso, differ-
ent soil and water conservation methods (Table 1) were developed and 
spread (Reij et al. 2005, Ouedraogo et al. 2014). This joint development of 
technologies between farmers and NGO’s originated from rethinking of pre-
vious failed interventions. Burkina Faso received large amounts of food aid 
during the droughts in the early 1970s, which was soon followed by invest-
ments to improve agriculture. However, this was made with a technology 
transfer perspective and farmers’ priorities, traditions and innovations were 
not considered. As yields did not increase and soil and water conservation 
structures were short-lived, this approach was reevaluated in the 1980’s 
(Douxchamps et al. 2014). Between 1970 and 2009, 195 bilateral and multi-
lateral projects in the field of agricultural water management were imple-
mented in Burkina Faso, with a total investment of US$ 641 million 
(Douxchamps et al. 2014). 

Re-greening studies during the late 2000s to early 2010s 
Over the past 5-10 years, researchers have further addressed multiple aspects 
of the re-greening described above. In the field of remote sensing, time se-
ries of other image material has reached sufficient length allowing compari-
sons with the AVHRR data, such as Satellite Pour l’Observation de la Terre 
(SPOT) launched in 1986, and particularly the higher resolution Moderate 
Resolution Imaging Spectroradiometer (MODIS) with image material avail-
able since 2000 (Mbow et al. 2015, Karlson and Ostwald 2016). The field of 
remote sensing has also evolved in terms of the methods available to study 
landcover change in the Sahel (Mbow et al. 2015). Recent studies have ad-
dressed if the positive NDVI trend in the Sahel can be confirmed, and com-
pared trends observed via remote sensing and ground observations. Further, 
the factors behind and the consequences of the observed changes have begun 
to be addressed. Are the changes due to human actions or only dependent on 
rainfall? Is it mainly woody or herbaceous vegetation increase that has 
caused the observed increase in NDVI? Finally, if woody vegetation has 
increased, is the increase of the species that people desire and make use of? 
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Table 1. Improved soil and water conservation techniques applied in northern Burkina Faso. 
 

 

Zaï pits  
Improved versions of traditional planting pits 
(zaï), with larger size and manure added to the 
pit where the crops are planted. This technique 
is not suitable for all soils, but works well on 
crusted soils. 

 

Half-moons  
Half-moon shaped structures, 2-4 meters in 
diameter and about 10 cm deep, where the 
crops are planted and manure and fertilizer 
added. The structure decreases run-off of rain-
water and increases infiltration around the 
crops. 

 

Stone lines or stone bunds  
Lines of stones constructed to follow contour 
lines to increase infiltration and decrease ero-
sion. 

 

Live hedges  
Field borders covered by grasses such as An-
dropogon to increase infiltration and decrease 
erosion. 

 
The validity of long term analyses with NOAA AVHRR data is supported by 
a study comparing NDVI trends based on NOAA AVHRR with MODIS 
data, SPOT data, and in-situ measurements of NDVI (Fensholt et al. 2009). 
Adding some nuance, Fensholt and Rasmussen (2011) observed a substantial 
NDVI increase over the period 1982-2007, but for the latter part of the peri-
od, 1996-2007, there is a more complex pattern in NDVI including regions 
with both positive and negative trends, even though the trend is still positive 
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as an average for the Sahel. Dardel et al. (2014) compared NDVI trends for 
1981-2011 based on both AVHRR and MODIS data to confirm consistency, 
and monitored end of season herbaceous vegetation mass in the AMMA-
CATCH sites in Mali and Niger. Gourma in the pastoral zone of Mali 
showed a significant regreening trend for almost every time period after the 
1983-84 drought, while Fakara in the agro-pastoral zone of Niger showed a 
short recovery after 1983-84, but then a strong and significant decrease. 
They found positive vegetation trends on deep sandy soils, but non-
significant trends on shallow soils. The desertification narrative was again 
rejected in this study, as no systematic correlation between agro-pastoral 
land use and negative vegetation trends were found. However, this illustrates 
the co-existence of different vegetation trends in the Sahel. 
 
While the large-scale trends have been nuanced but still confirmed with oth-
er remote sensing data, it seems to be more difficult to reconcile trends in 
NDVI with local perceptions of trends in environmental conditions. In a 
study from Senegal, Herrmann et al. (2014) compared satellite observed 
trends and results from focus groups with local land-users, mainly seasonally 
migrating pastoralists with knowledge of relatively large areas. They found 
no strong trend in spatial correlation between satellite observed trends and 
perceptions of environmental conditions. On the contrary, perceptions of a 
degradation of the environment are conflicting to satellite-observed trends. 
 
To disentangle human and climatic factors behind the re-greening, Stith et al. 
(2016) used donor-funded environmental projects as a proxy for active hu-
man landscape interventions. Comparing the number of projects in different 
administrative regions with population density, rainfall trends and NDVI 
trends, they found three types of areas across the Sahel with different re-
sponses. In the northern grasslands and shrublands, the inter-annual variation 
in vegetation greenness followed variation in rainfall. In the southern part of 
the region, there was no significant correlation between rainfall and NDVI. 
However, in a few administrative regions in Burkina Faso and Niger, the 
inter-annual variation in rainfall was not the dominant explanation for varia-
tion in vegetation greenness. These regions have high population densities 
and have been in focus for many interventions, which thus seems to have 
enabled people in these regions to make use of the rainfall to decrease inter-
annual variation in landscape productivity. 
 
There is no consensus in the literature regarding whether woody or herba-
ceous vegetation is the main contributor to the observed NDVI trend. Using 
dry season NDVI from MODIS images for the period 2000-2014, corrected 
for correlation with previous wet season NDVI to avoid inter-annual fluctua-
tions in canopy cover, Brandt et al. (2016a) found a varied but in general 
positive trend in woody vegetation cover across the Sahel. The trends are 
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more positive in areas with low population densities, but even in densely 
populated areas, woody cover is stable or slightly increasing on croplands, 
while it is decreasing in shrublands and forest reserves. Kaptué et al. (2015) 
compared long-term (inter-decadal) and short-term (inter-annual) relation-
ships between NDVI and rainfall. Long-term greenness per unit rainfall is 
interpreted as an indicator of the capacity of the landscape to produce woody 
vegetation, while the short-term response of NDVI to rainfall indicates the 
rapid response of herbaceous vegetation to inter-annual rainfall variability. 
Increased long-term RUE was significant in 30 % of the studied watersheds, 
while change in inter-annual NDVI response to rainfall was significant in 
only 4 % of watersheds, which indicates that trees and shrubs are the domi-
nant source of improvement in vegetation. However, the trends have distinct 
regional differences, with higher long-term greenness per unit area in Sene-
gal and Western Mali, and a higher importance for herbaceous vegetation in 
the drier northern part of the Sahel. 
 
As we have seen in this section, different conclusions have been drawn from 
studies using field data of herbaceous vegetation and woody vegetation, 
respectively. Regional differences might be a reason for contrasting conclu-
sions. In sites in Mali and Niger where woody vegetation covers less than 3 
% of land surface, Dardel et al. (2014) found good correlation between 
NDVI and measured herbaceous vegetation production, while arguing that it 
is difficult to distinguish an NDVI signal from woody vegetation during the 
peak growing season. Comparing NDVI trends with an inventory of woody 
vegetation on the ground in Senegal, the greening signal that was observed at 
half of the sites could be, at least at some of these sites, due to increased 
woody vegetation (Herrmann and Tappan 2013). However the contribution 
of woody and herbaceous vegetation respectively, cannot be assessed by 
remote sensing alone and studies of this are limited by available historical 
field measurements of vegetation. In Senegal, the general perception among 
local stakeholders is that vegetation is degrading, despite the fact that coarser 
scale data suggests greening. This might not necessarily be related to bio-
mass but rather to changes in species composition, where desired species 
decrease and undesired species increase (Herrmann et al. 2014). In another 
study from Senegal, woody species richness was observed to decline be-
tween 1983 and 2010, both in sites with observed greening and in control 
sites (Herrmann and Tappan 2013). The decreasing species were mainly 
trees, while the increasing species were mainly shrubs. In addition, mesic 
species, characteristic of higher rainfall sites, decreased while more drought 
tolerant species increased. A similar increase of drought-tolerant species, and 
a decrease in mesic species, was found in northern Burkina Faso (Hänke et 
al. 2016). 
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3.3 Predictions for future climate change  
A review of multiple climate models and their capacity to replicate rainfall 
patterns in the Sahel over time suggests that the sea surface temperatures of 
the oceans trigger climate variability in the Sahel at inter-annual to inter-
decadal time scales, but that interactions with the land surface/land use local-
ly enhance this remote force (Giannini et al. 2008b). Hence, while local peo-
ple affect landscape productivity and degradation on a local scale, rainfall 
patterns are mainly affected by larger scale climate processes. 
 
The projections for how changes in larger scale climate processes will affect 
the Sahel are uncertain, not only regarding the magnitude of the change but 
also in the direction of change. It is not clear whether the Sahel will be drier 
or if rains will improve (Giannini et al. 2008b). However, temperature and 
rainfall variability is expected to increase (Niang et al. 2014). The implica-
tions of changing rainfall are not only related to total amounts of rain, but 
also to its distribution over the rainy season. Looking back at previous 
changes, the droughts in the Sahel between 1968 and 1984 were closely 
linked to a decrease in the number of rainfall events, particularly in July and 
August which is the core of the rainy season (Le Barbé and Lebel 1997), and 
in median intensity of rains (Giannini et al. 2013). The length of the rainy 
season did not change during the drought years (Le Barbé and Lebel 1997). 
Interestingly, recent years with higher total rainfall still have approximately 
the same number of rainy days as the drought years, but are now combined 
with a high variation in median rain intensity (Giannini et al. 2013). The 
recovery of rainfall after the droughts in the 1980s is most pronounced from 
the early 1980s to the mid 1990s. Thereafter, rainfall has had a high inter-
annual variation, but does not show a trend in either direction (Stith et al. 
2016).  
 
In a study of how farmers perceive changes in rainfall in Burkina Faso, West 
et al., (2008) observe that farmers do not perceive a recovery of rainfall as 
compared to the drought years, rather that drought is the new “normal”. 
Giannini et al. (2008b) hypothesize that this can be due to the fact that the 
rain comes in the same number of rainfall events as during the droughts, but 
with increased intensity at each event. The frequency of meteorological 
droughts has increased in the Volta basin (covering large parts of Burkina 
Faso) since the 1970s (Kasei et al. 2010). Dry years occurred with a frequen-
cy of 3-4 years in the 1960s and 1970s, but since the 1980s dry years occur 
almost every second year. Moderate droughts occur in about ten year inter-
vals. These uncertainties for the future require that interventions for poverty 
alleviation builds resilience for communities, so that they can develop and 
improve their well-being while facing various changes in biophysical condi-
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tions, which have a large impact on the conditions for dominant livelihoods 
in rural areas today. 
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4. Ecosystem services – benefits from 
managed landscapes 

In this thesis I use the concept of ecosystem services to describe the many 
ways in which people depend on resources and processes in local land-
scapes. When I started working on this thesis, the concept of ecosystem ser-
vices was new to me. The Millennium Ecosystem Assessment (Millennium 
Ecosystem Assessment 2005) became a natural starting point to understand 
the concept, as it was relatively new and set out to link different types of 
ecosystem services with different aspects of human well-being. It also had a 
section focusing on drylands (Safriel et al. 2005), which helped me frame 
my research in the beginning. In this assessment, ecosystem services were 
defined as “the benefits people obtain from ecosystems” (Millennium 
Ecosystem Assessment 2003). Since the Millennium Ecosystem Assessment, 
the concept of ecosystem services has tremendously increased in use, and 
different definitions, classifications and ways of application have been de-
veloped (see e.g. Fisher et al. 2009; Lamarque et al. 2011). In this section I 
will describe how I have used the concept in the thesis and outline some 
gaps in the ecosystem services literature, which I address in this thesis in 
order to apply the ecosystem services concept in the Sahel context. 
 
I use a social-ecological system perspective on ecosystem services through-
out the thesis. The term social-ecological systems is used to highlight that 
humans and nature are integrated in that social and ecological systems are 
interconnected and co-evolving (Berkes and Folke 1998, Folke 2007). From 
a social-ecological systems perspective, ecosystem services are co-produced 
by social processes and ecosystem processes (Reyers et al. 2013). The first 
aspect of this co-production is the input of labor, technologies and financial 
capital needed for the management of ecosystems to enhance the desired 
ecosystem services (Lele et al. 2013, Reyers et al. 2013, Ernstson 2013, 
Bennett et al. 2015, Comberti et al. 2015, Palomo et al. 2016). This man-
agement requires skills and institutions. For example, to grow sorghum, eco-
system processes are important, but also inputs such as manure, mineral 
fertilizers, soil and water conservation methods and labour throughout the 
growing season. The use of soil and water conservation methods requires 
knowledge, which can be obtained through farmer-farmer spread, or through 



 47 

projects. Local traditional institutions regulate access to land, and national 
institutions affect what inputs are available and at what price.  
 
The second aspect of the co-production of ecosystem services is that the 
needs, values, aspirations and expectations that humans have in relation to 
ecosystems and their services affect what is appreciated and counted as be-
ing an ecosystem service. This second aspect is more related to the cognitive 
(as opposed to the physical) co-production of ecosystem services as distin-
guished by Palomo et al. (2016). However, this aspect is broader than the 
cognitive appreciation of ecosystems at the individual level as it includes 
what is valued depending on the social situation – that is, the ‘well-being 
context’ (Daw et al. 2011) of the beneficiary. For example, households that 
can afford to buy maize value sorghum yield lower than households that are 
dependent on the sorghum yield as a staple food for the coming year. Both 
aspects of ecosystem services co-production emerge in the interactions be-
tween culture and ecosystems (Chan et al. 2012a, von Heland and Folke 
2014, Comberti et al. 2015). The third aspect of co-production is that a social 
practice of value articulation of ecosystem services must take place at some 
level of decision-making for the ecosystem service to be considered and 
included in policy (Ernstson 2013). This aspect has implications for social 
justice, as different groups are more or less powerful in terms of having their 
priorities articulated, which affects what is included in assessments. All of 
these considerations are important for the thesis. The landscapes addressed 
are highly managed, the local needs and values have been overlooked, and 
these needs, priorities and values need to be articulated at various levels of 
decision-making. 
 
As the Millennium Ecosystem Assessment was a starting point, its classifica-
tion of ecosystem services into provisioning, regulating, cultural and sup-
porting services has framed my way of thinking regarding the different bene-
fits to humans from ecosystems. As defined by the Millennium Ecosystem 
Assessment (2003), provisioning ecosystem services are the products ob-
tained from ecosystems, such as food, fuelwood and medicines. Regulating 
services are benefits obtained from the regulation of ecosystem processes, 
for example climate regulation, water regulation and pollination. Cultural 
services are nonmaterial benefits obtained from ecosystems, such as spiritual 
and religious values, and sense of place. Supporting services are services 
necessary for the production of all other ecosystem services, such as soil 
formation, nutrient cycling and primary production. However, quite early on, 
I started to think about regulating and supporting services more as one 
group, which is in line with the Common International Classification of Eco-
system Services (CICES) that classifies ecosystem services into provision-
ing, regulation & maintenance, and cultural ecosystem services (European 
environment agency 2016). In this classification, provisioning ecosystem 
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services are subdivided into nutrition, energy and materials. Regulation & 
maintenance services include the mediation of waste, toxins and other nui-
sance entities, as well as the mediation of flows and the maintenance of 
physical, chemical, and biological conditions. Cultural ecosystem services 
include physical and intellectual interactions with biota, ecosystems, and 
land-/seascapes, in addition to spiritual, symbolic and other interactions with 
biota, ecosystems, and land-/seascapes. I use this classification of different 
categories more to highlight the whole range of different services rather than 
to put a label on individual services. The categories are overlapping, which 
was pointed out already in the framework for the Millennium Ecosystem 
Assessment (Millennium Ecosystem Assessment, 2003). The problems with 
categorizing ecosystem services has been further discussed and elaborated. 
For example, Chan et al. (2012) show that all ecosystem services have intan-
gible values that may have equal or higher importance than the material ser-
vice. Socio-cultural values are not only related to cultural services, but can 
be related to all ecosystem services, and both to material and to immaterial 
well-being (Scholte et al. 2015). 
 
Another distinction is to separate between ecosystem services and the bene-
fits derived from ecosystem services. This can be useful in highlighting that 
one ecosystem service can have multiple benefits. For example, crop yield 
can give nutrition from consumption, income from selling, or contribution to 
savings through use as fodder for livestock. The focus of the thesis is on the 
type of benefits people obtain from ecosystem services for their livelihoods. 
Here, the ecosystem services definition the benefits people obtain from eco-
systems must be modified.  In de Groot et al. (2010), ecosystem services are 
defined as ecosystem functions with the potential to directly and indirectly 
satisfy human needs, while the actual use of ecosystem services provides 
benefits.  
 
Ecosystem services studies are very rare in the Sahel. In a review of ecosys-
tem services status and assessments in Africa, no studies from West Africa 
were included (Egoh et al. 2012b). In a context of a massive increase in the 
ecosystem services literature overall, it is remarkable that a large region with 
high direct dependency on ecosystem services is so rarely addressed. As 
described in the introduction, methodological development is necessary, 
including ways to describe local priority ecosystem services in assessments. 
In other regions with high direct dependency on local landscapes and a lack 
of secondary data, new approaches for ecosystem services assessment that 
include local values and priorities have been developed. These combine 
semi-structured interviews, focus group discussions, transect walks and par-
ticipatory mapping (Fagerholm et al. 2012, Paudyal et al. 2015, Ramirez-
Gomez et al. 2015). However, these approaches have linked ecosystem ser-
vices to particular places, not to landscape units that can allow for extrapola-
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tion to other areas with similar social-ecological conditions. Therefore, fur-
ther methodological development is needed for the objectives of this thesis. 
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5. Situating the thesis in relation to literature 
on human-environment interactions in the 
Sahel 

 
This thesis aims at generating knowledge that can be used as one contribu-
tion to address the challenge of sustainable poverty alleviation in the Sahel. 
In doing so, it intersects with different scientific literatures on human-
environment interactions in the Sahel. While studies in these literatures gen-
erate more detailed knowledge in their respective disciplines, the contribu-
tion of this thesis is the overview of how people depend on landscapes 
through the use of a social-ecological ecosystem services lens. This over-
view can be used to inform interventions addressing sustainable poverty 
alleviation. As we have seen in chapters 3.1 and 3.2, many scientific disci-
plines have studied Sahelian landscapes from different perspectives. Human-
environment interactions in the Sahel have been addressed at different scales 
and in different bodies of literature, to which this thesis relates but has a 
different focus (Figure 3). This chapter briefly presents contributions from 
diciplines that have studied the changing Sahelian landscapes from different 
perspectives and at different scales. It is not en exhaustive review of these 
literatures, but illustrates overlap and differences between this thesis, with a 
transdiciplinary perspective, and relevant disicplines providing some key 
references.  
 
The agroforestry literature includes studies of different aspects of tree-soil-
crop interactions in Sahelian agroforestry systems i.e. on fields where trees 
and shrubs are integrated with crops. It has documented the contrasting ef-
fects of different trees species on carbon, nutrient and soil water flows, as 
well as on crop yield (reviewed in, for example, Bayala et al. (2015) and in 
Paper IV). To reinforce the positive effects of trees on crops and in order to 
minimize trade-offs, pruning strategies and the cultivation of shade tolerant 
crops closest to trees has been tested within this literature (Bayala et al. 
2015). While being less detailed on the processes generating ecosystem ser-
vices, this thesis addresses the contribution to ecosystem services from all 
units of village landscapes, not only the fields with trees. Further, it address-
es the scale of a village, not only the field scale or impact of individual trees, 
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which is dominant in the agroforestry literature. The thesis mainly intersects 
with hydrological studies in terms of its overlap with the agroforestry litera-
ture studying soil water flows on fields (reviewed in Paper IV). Other major 
contributions to understanding hydrological processes in the Sahel are pre-
sented in chapter 3.2. 

 

 
Figure 3. Illustration of literatures that the thesis relates to, with indication of how the thesis 
perspective is different from each of these literatures. Each of the fields is, of course, much 
larger outside the overlap with the focus of the thesis than the petals illustrate. In some of the 
descriptions of the intersections it is mentioned what this thesis does not include. Of course 
there are many more such areas, but the focus of the figure is the overlap and what distin-
guishes this thesis work from studies in Sahelian landscapes in these other fields. Hydrologi-
cal aspects of woody vegetation are included in Paper IV, but otherwise not a main focus of 
the thesis. 
 
The ethnobotanical literature has contributed knowledge on how people ben-
efit from plants in their landscapes, either focusing on individual species (see 
e.g. Gouwakinnou et al., 2011) or on multiple species in a particular location 
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(see e.g. Lykke et al., 2004). However, these studies are not explicit about 
from where in the landscape people harvest plants, and do not relate benefits 
to different landscape units. Several in-depth field studies of nature-society 
relations were done in rural communities in the Sahel within the terroir 
school, an approach focusing on analysis of agricultural systems at the vil-
lage level developed by French geographers in the 1960s (Bassett et al. 
2007), for example Kohler (1971) and Marchal (1983) in Burkina Faso. 
While containing in-depth documentation of human-environment interac-
tions in villages and municipalities, these studies are too extensive to provide 
an overview of how people use landscapes and are only available in French. 
Further, these studies need to be followed up to reflect today’s conditions.  
 
Research within the field of human geography, using ethnographic methods 
or combinations of interviews, questionnaires and land use mapping have 
contributed in-depth studies of livelihoods in relation to changing landscapes 
on the village scale in the Sahel (Reenberg and Lund 1998, Reenberg et al. 
1998, 2013, Nielsen and Reenberg 2010). However, these studies are limited 
to individual villages and do not focus on what different units in the land-
scape contribute to livelihoods. These studies have often focused more on 
the role of local landscapes for livelihoods in relation to other activities, 
stressing the importance of livelihood diversification (see e.e. Nielsen and 
Reenberg, 2010; Reenberg et al., 2013). While not being as profound on the 
village scale, this thesis focuses on generating a more general and general-
izable overview of how local people benefit from the landscapes in which 
they live. Land use has been studied with a focus on effects of soil and water 
conservation methods in northern Burkina Faso, with focus on cropped land, 
not the whole landscape (Reij et al. 2005). On the other end of the spectrum, 
large-scale studies of vegetation changes using remote sensing and biomass 
measurements (see e.g. Brandt et al., 2016a; Dardel et al., 2014 and further 
in chapter 3.2), and modeling of ecosystem services (Leh et al. 2013) do not 
include the local-user perspective and can therefore not be related directly to 
changes in provisioning ecosystem services or benefits to livelihoods. In 
contrast, this thesis has locally defined landscape units and priority ecosys-
tem services as a starting point. 
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6. Research approach 

In this chapter I first briefly present the larger research project of which this 
thesis has been a part, and give an overview of the scope of the thesis and the 
research questions addressed. I describe the selection of sites for the field-
work, the methods used during the fieldwork, and finally reflect on the 
fieldwork process in terms of research ethics and positionality. 

6.1 The context – research project 
 
The research for this thesis has been performed within the research project 
Adapting to changing climate in drylands: The re-greening in Sahel as a 
potential success case, a collaboration between Stockholm Resilience Cen-
tre, Institut de l’Environnement et de Recherches Agricoles (INERA), Oua-
gadougou, Burkina Faso; Centre Régional de l’Enseignement Spécialisé en 
Agriculture (CRESA) at Abdou Moumouni University, Niamey, Niger; and 
SEI, York, UK. The original aims of this research project included: to inter-
pret re-greening in terms of ecosystem services, and to understand its effect 
on rural livelihoods. Since these aims were formulated, the research field of 
vegetation change in the Sahel has evolved substantially (see chapter 3.2) to 
include a range of new methods and approaches.  

6.2 Research questions and scope of thesis 
As described in the introduction, the thesis deals with three larger issues: A) 
social-ecological interactions in rural Sahelian landscapes today, with a par-
ticular focus on what local landscapes mean for livelihoods using the lens of 
ecosystem services and benefits; B) change in ecosystem services from local 
landscapes over time in relation to observed landscape change in the Sahel; 
C) development and application of ecosystem services assessment methods 
in the Sahelian context of high direct dependency on local ecosystem ser-
vices but limited data availability. Due to the high direct dependency on 
local ecosystem services, the thesis is focused on provisioning ecosystem 
services when addressing the following four research questions: 
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1) Which local ecosystem services are of key importance for people 
and how are these ecosystem services spatially distributed in land-
scapes? 

2) Which benefits do local ecosystem services generate for livelihoods? 
3) How has the generation of ecosystem services and benefits changed 

over time since the 1950s? 
4) How can the local user perspective be included in ecosystem ser-

vices mapping at different spatial scales? 
 
Paper I addresses questions 1 and 2 in an empirical study in six villages in 
two different administrative provinces and regions in Burkina Faso (Figure 
4, Figure 5). Paper II addresses question 3 in the same six villages, based on 
historical aerial photographs and satellite images. Paper III addresses ques-
tion 4 in the two provinces where the villages are located based on analysis 
of medium resolution satellite images and fieldwork from other villages. 
Paper IV addresses questions 1 and 2 across the West African Sahel in a 
literature review. The review allows for inclusion of key ecosystem services 
from across the Sahel, and gives an overview also of key regulation & 
maintenance services documented from the region. 
 
 

 

 
Figure 4. Overview of the spatial and temporal scales addressed in the papers included in the 
thesis. Boxes indicate focal scale while the dotted lines indicates that the villages and prov-
inces in focus are located in different regions (Papers I, II and III) and that individual studies 
in the review are from across all scales, down to individual fields (Paper IV). 
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6.3 Site selection 
The initial phase of work for this thesis consisted of collecting information 
to inform the selection of sites for the project. The sites were selected for 
addressing the aims of the larger project as described above, as well as the 
objectives of this thesis. We identified a zone of interest within which to 
select villages, based on similar rainfall pattern and landcover. The zone of 
interest also had a gradient from no change in NDVI 1980-2008 (region 
Centre-Nord) to a clear increase in NDVI 1980-2008 (region Nord), where 
the increase could also not be explained only by increased rainfall 
(Herrmann et al., 2005; figure 5). The final selection of sites was done to-
gether with researchers from INERA in the initial phase of the fieldwork in 
September 2011 (Table 2). We selected villages to be representative for the 
regions in terms of size (population) and access to roads and markets. We 
visited 16 villages with a population between 500 and 1500 according to 
Burkina Faso (2005), and with similar distances to roads and towns. We 
talked to village representatives in 13 of these villages about village charac-
teristics, perceived landscape changes and presence of NGO projects. This 
selection process resulted in six field sites, three in the region Nord and three 
in the region Centre-Nord. In the selected villages we organized open meet-
ings to present the research theme and objectives, and asked for the interest 
of the villagers in participating.   

6.4 Methods 
This thesis builds on a combination of in-depth fieldwork (Paper I), analysis 
of remotely sensed images (Papers II and III), groundtruthing and feedback 
in the field (Papers I, II and III), and a literature review (Paper IV). The the-
sis has been developed through an iterative process between fieldwork in 
villages (Table 2) and image interpretation. A strong foundation in fieldwork 
was necessary as the research questions focus on the benefits local people 
obtain from their landscapes. Interpretation of aerial photographs and remote 
sensing images was needed for the overview, analysis of historical change 
and assessment at a provincial scale. Fieldwork gives knowledge of the land-
scape that is invaluable for image interpretation. 
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Figure 5. Location of villages studied in Papers I and II, study areas in Paper III, and geo-
graphical zone included in the literature review (Paper IV) The villages are located in one area 
with observed greening larger than expected from rainfall over the period 1982-2008 indicat-
ed by high NDVI residuals, and in one area with the same or less greening than expected from 
rainfall, indicated by 0 or negative NDVI residuals. NDVI data from S. Herrmann. Back-
ground land cover legend and source, see Figure 1. 
 

Starting up fieldwork in the villages 
After the initial open meeting (see chapter 6.3), the contact with each village 
was made through a representative from the elected Conceille Villageoise de 
Developpement (CVD). This is a structure present in all villages in Burkina 
Faso and supervised by the municipal board (Burkina Faso 2007). It is re-
sponsible for village-level development and contribution to municipal devel-
opment plans. We were also introduced to the traditional village chief 
(naaba). As my work concerns the village land and its resources, I started 
the work in each village with a semi-structured interview with the traditional 
land chief (teng soaba). The interview covered questions on available land, 
change in the number of farmers, land tenure and user rights to resources 
from woody vegetation. 
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Table 2. Overview of fieldwork periods, methods applied and the outcome of the fieldwork 
for the thesis. 

 
Fieldwork period Methods Outcome 
October 2010 Start-up workshop with project 

partners, scoping trip to area of 
interest for fieldwork.  

Initial framing of my study in 
relation to other PhD projects 
within the project. Initial 
contact with landscapes in the 
study area. 

February 2011  Interviews with natural resources 
management experts in Ouagadou-
gou  

Initial idea of key ecosystem 
services in the region. 

September-
November 2011 

Selection of field sites, presentation 
of project. Interview with land 
chief. Resource maps and seasonal 
calendars in focus groups. Transect 
walks. Measurement of sorghum 
yield. 

Six villages to do fieldwork 
in. First set of social-
ecological patches and eco-
system services. Estimate of 
yield 2011. 

July-August 2012 Verification and adjustment of 
patches and ecosystem services. 
Preparation for sorghum yield 
measurement. 

Adjusted set of social-
ecological patches and eco-
system services. Knowledge 
of landscape characteristics 
and agricultural practices 
during the rainy season. 

October-November 
2012 

Scoring of patch contribution to 
ecosystem services. Sorghum yield 
measurement.  

Set of ecosystem services and 
benefits from each social-
ecological patch. Sorghum 
yield 2012. 

January 2016 Reporting back and feedback on 
patches and ecosystem services. 
Focus group discussions on change 
in use of ecosystem services over 
time and area-benefit relation. 

Verification of social-
ecological patches and eco-
system services. 
Qualitative information on 
change in use of landscape 
over time and what increased 
or decreased area of a patch 
means for benefits. 

 

Fieldwork methods 
This thesis is based on in-depth fieldwork; in total I have spent approximate-
ly six months in the field (Table 2). The fieldwork consisted of a range of 
participatory methods. Transect walks accross the village territories together 
with two to four representatives from the village, were central for Paper I. 
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These walks included regular stops to describe the landscape, and to discuss 
resources harvested and how the landscape has changed over time. I used 
focus groups throughout the research process applying tools such as resource 
maps (a map of the village, its units and resources; see e.g. Kumar 2002), 
seasonal calendars (a sketch of a year including seasons for harvest of differ-
ent crops and non-cultivated resources, as well as agricultural practices; see 
e.g. Kumar 2002), and matrix scoring (a quantification of the relative im-
portance of different categories for a phenomenon; see e.g. Mikkelsen 2005). 
I also used focus groups to report back and get feedback on preliminary re-
sults (Paper I), and to discuss changes over time in the use of the local land-
scape (Paper II). When reporting back my results I used printed booklets 
presenting my results in French (the official language) and Mooré (the local 
language). I also brought A3 laminated printouts of historic aerial photo-
graphs and satellite images for each village to keep. The representative of the 
CVD (see chapter 6.4) assisted in identifying suitable respondents for the 
different activities described above. All communication with villagers was 
done through a research assistant who translated between Mooré and French. 
Results from focus groups were mainly used in Paper I, but also in Papers II 
and III. 

Interpretation of remotely sensed image material 
The second group of methods applied in the thesis is interpretation of aerial 
photographs and satellite images. Satellite images from CNES Astrium 
Google Earth Pro from 2006 or 2010 were used to map social-ecological 
patches as polygons for all villages with photographs and notes from transect 
walks as groundtruthing (Paper I). Change in social-ecological patches over 
time in villages was mapped on aerial photographs from 1952/1955, 
1983/1984 and 1996; CORONA declassified intelligence photographs from 
satellite borne camera from 1967/1968; and CNES Astrium satellite images 
through Google Earth Pro from 2006/2010 and 2013/2016. For this analysis, 
social-ecological patches were visually identified for each cell in a grid with 
100 x 100 m cell size. The resulting rasters for each village and time step 
were compared to identify how the distribution of social-ecological patches 
have changed over time, hence the potential for generation of different eco-
system services (Paper II). To map the distribution of social-ecological 
patches at a provincial scale, one dry season and one rainy season Landsat 8 
OLI scene from 2014 were used in combination with Advanced Spaceborne 
Thermal Emission and Reflection Radiometer (ASTER) global digital eleva-
tion model (GDEM) and calibration points from fieldwork. Social-ecological 
patches were mapped at this larger scale combining information from spec-
tral signals, automatic identification of objects in the satellite image and 
visual interpretation in a hybrid classification method (Paper III).  
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6.5 Reflections on the research process 
All fieldwork including interactions with humans takes place in a social con-
text where the interactions are shaped by norms, power structures and indi-
vidual expectations (Dowling 2010). In this section I will reflect on three 
aspects of my interaction with local communities in my fieldwork: i) access 
to fieldwork participants; ii) positionality, and iii) ethical considerations. 

Access to fieldwork participants - gatekeepers 
Gatekeepers have been defined as “ those who provide - directly or indirect-
ly - access to key resources needed to do research, be those resources logisti-
cal, human, institutional, or informational” (Campbell et al. 2006). At the 
national level, our research partners at INERA played a key role for us being 
able to conduct the research in Burkina Faso. They were involved in framing 
the overall research project, provided logistical support, introduced us to the 
relevant administrations at the provincial level, and took part in the scoping 
visits to villages (see chapter 6.3). At the village level, the representative of 
the CVD acted as a gatekeeper. It was necessary to have a contact person in 
the village with some kind of representative role in the village in order to be 
allowed to do research in the villages. This representative also identified 
participants for the research activities who could express themselves regard-
ing natural resources management and village history. This probably biased 
the participants towards more active members of the community whose 
voices are heard in other contexts as well. However, as the research was 
focused on the village level, not on the distribution of benefits within villag-
es, this way of selecting participants was appropriate for the research. The 
driver and the two interpreters with whom I worked also acted as gatekeep-
ers during the fieldwork. All of them acted very respectfully towards the 
villagers, which facilitated the establishment of trust. For example, the driver 
acted as the oldest brother in our “researcher family” and performed neces-
sary social obligations such as presenting our condolences according to local 
tradition when someone in the village passed away during the time we were 
working.  

Positionality 
Data that is collected through dialogue, for example interviews and focus 
groups, is affected by the ways the researcher perceives the respondents and 
the ways the respondents perceive the researcher (Dowling 2010). It is there-
fore affected by the positionality – the position of the researcher based on, 
for example, class, gender and culture - and the biography of the researcher 
(England 1994, Sultana 2007). At least two aspects are important for the 
perception of me as a researcher in the villages. First, I am a white, educated 
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woman interested in natural resources management and ecosystem services, 
and this in a region with a colonial history where a considerable amount of 
research and NGO projects have been conducted in the field of natural re-
sources management have been conducted. In one of the regions in particu-
lar, I encountered aspects of research fatigue, which occurs when people feel 
over-researched due to multiple research teams having previously asked 
similar questions (Clark 2008). This was not manifested as people refusing 
to participate in the research, but rather as expressions of previous experi-
ences that results are never reported back to the communities. Experiences of 
past projects also raised expectations that I, besides the research, would 
come with a new technology or an infrastructure project, for example a dam. 
The second aspect is that I did a significant part of the fieldwork, including 
the initial longer fieldwork in the villages, with my husband as interpreter. 
He is originally from the capital of Burkina Faso, but belongs to the same 
ethnic group and has the same mother tongue as that spoken in the villages 
where I conducted research. This changed the perception of me from being 
only a foreigner to also being one of them through marriage. Researchers are 
seldom constantly either insiders or outsiders. Rather, positionality changes 
over time (Mullings 1999). In my case, I think the perceptions of me 
changed over time depending on how many times and how often I came 
back to the villages. I believe the perception of me as partly being an insider 
played an important role for the way I was welcomed in the villages, and this 
made it easier to establish trust. It also made it easier to maintain contact 
with the villages over the years, especially with shorter and longer periods 
spend outside the field. From a practical perspective, I also had the ad-
vantage of being able to ask my husband for clarification after situation, and 
to stay in contact with villagers through phone calls now and then during the 
time spent in Sweden over the course of my research.    
 
My own perceptions of the people I interacted with were shaped by the fact 
that I come from a place where the culture, habits and language are very 
different, so I did not always have a context in which to put things that hap-
pened or were said, in order to fully understand their meaning. On the other 
hand, I grew up on a relatively small farm in Sweden and did my undergrad-
uate and masters studies at the Swedish University of Agricultural Sciences, 
which means that I have a general understanding of the challenges that farm-
ers must face (for example, the amount and timing of rain in relation to crop 
growth and harvest, for example), as well as the curiosity to learn about a 
new agricultural context. 
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Ethics 
Ethics in research concerns the responsibilities and obligations that research-
ers have in relation to respondents, sponsors, and the general public 
(O’Connell-Davidson and Layder, 1994, p. 55). In this section I focus on the 
first of these aspects, ethical conduct in relation to respondents. Formal ethi-
cal considerations for research often include the following elements; in-
formed consent, potential harm, confidentiality, and dissemination of results 
and feedback (Hay 2003, Dowling 2010). For the fieldwork in this thesis, no 
forms for written consent were used, as the level of literacy is relatively low 
in the villages. When starting up the fieldwork, we introduced the aim of the 
research project as being to understand use and management of local land-
scapes and how that has changed over time. Before all research activities, the 
objectives of the research were presented again. As the respondents were 
invited through the representative of the CVD, I did not have direct control 
over the information that was passed to each of the participants prior to the 
gathering for an activity. Particularly for the transect walks, it was difficult 
to provide an accurate estimate of how long the activity would take, as I did 
not know the size of the villages beforehand. This might have caused some 
participants to spend more time on the research than they thought they would 
when giving their consent. I did not identify any potential harm to the partic-
ipants. The subject addressed was not sensitive and I perceived respondents 
to be happy to describe their use of the landscapes. Further, the questions I 
asked were related to the use of resources at village level, not at individual or 
household level. This meant that the respondents could talk more in general 
terms and not about personal assets or experiences, if they did not want to 
mention such aspects. Confidentiality has been kept so that no identification 
of group members or individual groups can be made in the presented results. 
I have not made notes with names of respondents available to anyone else.  
 
In the last fieldwork session in January 2016, I brought back a synthesis of 
my results to show what I have done with the material I collected in the vil-
lages, and provide an opportunity for the communities to react to and discuss 
what I presented. It was also a moment to explain that this research project is 
coming to an end and that it was my final fieldwork session within this pro-
ject. I had prepared a booklet describing my results, in French (the official 
language in Burkina Faso) and Moore (the local language at the field sites). I 
also brought printouts of the time series of aerial photographs and satellite 
images used in Paper II for each village, to keep in the villages. The report-
ing back became different for the different field sites due to the changed 
security situation in the country. The villages in region Nord are situated in 
the zone close to the Malian border that is under a travel advisory from both 
the Swedish and French ministries of foreign affairs, due to the armed con-
flict and presence of terrorist groups in Mali. Therefore, I could not go back 



 62 

to visit these villages, but invited two representatives from each village to 
Ouagadougou for a workshop. I visited the villages in the region Centre-
Nord, where I contacted the same village representatives I had been in con-
tact with in 2011-2012 beforehand and asked to meet representatives knowl-
edgeable on the use of natural resources, including women and older people. 
I distributed the booklets and went through the results, asking for additions 
and corrections. The participants seemed happy to remember activities from 
previous research activities and recognizing members of their communities 
on photographs. The results were largely confirmed, and the discussion con-
centrated on change over time. I also distributed the booklets to the provin-
cial administrations of the Ministeries of agriculture, environment and live-
stock production. 
 
One specific ethical concern I encountered during the fieldwork was how to 
compensate participants for activities that took significant time and effort. I 
discussed this issue thoroughly with my interpreters. I did not compensate 
for participation in focus groups, which did not exceed two hours. However, 
to the people participating in transect walks and accompanying me on the 
fields to measure yields, I distributed 5 kg of rice per participant per day, as 
these activities took full working days. For the workshop that was held in 
Ouagadougou to report back and get feedback on the results, I covered the 
transport and lodging for the participants, and gave them a per diem in cash 
to cover food and extra costs. 
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7. Results 

This chapter presents the main results of the thesis in the format of a sum-
mary of each of the papers included in the thesis. 

Paper I: Provisioning ecosystem services and benefits 
from social-ecological patches in village landscapes 
Paper I defines the landscape units I have worked with throughout the empir-
ical studies in the thesis: Social-ecological patches (landscape units that cor-
respond with the words local people use when describing their landscapes, 
characterized by a combination of land use, land cover and topography), in 
relation to other concepts such as land use and land cover. Based on iterative 
and in-depth fieldwork applying participatory methods in six villages across 
two regions in northern Burkina Faso, the paper identifies seven social-
ecological patches present in these village landscapes (Figure 6). It identifies 
ten key provisioning ecosystem services (cereals, legumes, vegetables, leaf 
vegetables herbs, leaf vegetables trees, fruits, medicine, firewood, construc-
tion material, livestock) and the benefits they generate for livelihoods (annu-
al crops for consumption, nutritional diversity and medical uses, material 
assets and energy, savings/insurance, and income). Further, it shows which 
provisioning ecosystem services and benefits are generated from which so-
cial-ecological patches (Figure 6; Figure 4 in Paper I). There is a significant 
and diverse contribution of ecosystem services and benefits from six out of 
the seven social-ecological patches. There is no difference in identified so-
cial-ecological patches, or the sets of ecosystem services generated from 
them, between a region with observed greening and a region with no change 
in vegetation greenness. Ecosystem services from the local landscape are 
important in order to compensate for decreased yields during dry years. The 
ecosystem services are then mainly used to generate cash income. The sell-
ing of livestock is the most important source for compensation. Selling live-
stock is based on the accumulated use of the local landscape over several 
years and cannot be used to generate income every year. 
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Figure 6. Identified social-ecological patches and related sets of ecosystem services and 
benefits. 
 



 65 

 

Paper II: Change in social-ecological patches and 
ecosystem services in village landscapes 1952-2016 
Paper II takes a historical perspective on the same six villages as studied in 
Paper I and maps how the distribution of social-ecological patches have 
changed over 60 years divided into six timesteps (1952/1955, 1967/1968, 
1983/1984, 1996, 2006/2010, and 2013/2016). Fallow could not be identified 
on historical images, as it either looks like a field or shrubland depending on 
its age. Woodland, which has disappeared today, and irrigated vegetable 
fields, which are visible in the most recent images, were added as social-
ecological patches (Figure 6). As the work was conducted in parallel to Pa-
per III, public land identified as a separate social-ecological patch in that 
study was added to the analysis. The most pronounced trends were that fields 
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and homesteads have increased over time in all villages, whereas shrubland 
has decreased. The villages are different in terms of how large a proportion 
of a village was already cultivated in the 1950s, and in relation to the 
timesteps between which the largest increase in cultivated area took place. 
This is not related to the region the village is located in. 
 
Assuming that each social-ecological patch generated the same set of eco-
system services over time, the paper shows that the potential of village land-
scapes to generate cereals, legumes, vegetables and leaf vegetables from 
herbs has increased in all villages. Furthermore, firewood has decreased 
substantially, while the potential for generation of fruits, construction mate-
rial and medicine has decreased slightly. The potential for leaf vegetables 
from trees and livestock have been relatively stable over time. The popula-
tion density is high and has doubled between 1960 and 2006. The per capita 
production of crops has almost kept up with population growth, while all 
other ecosystem services, particularly firewood, have dramatically declined 
in potential generation per capita. The trends are the same in all villages, but 
the magnitude of change differs between villages. This is, however, not re-
lated to the region the village is located in. Qualitative data from focus 
groups show that the benefits generated from ecosystem services have 
changed over time, where the cultivation of legumes to generate cash income 
has increased over the past 15-20 years. In the village where a dam was re-
cently constructed, dry season cultivation of irrigated vegetables has allowed 
for a higher income from a relatively small area of land, which is perceived 
as a major change. 

Paper III: Up-scaling village scale ecosystem services 
and benefit assessment to provincial scale 
Paper III investigates whether the results from Paper I are valid outside the 
six villages of in-depth fieldwork, and develops a method to identify social-
ecological patches at a coarser scale, using publically available satellite im-
ages to respond to the need for lower cost assessments. The study is based on 
the combination of fieldwork in 12 villages across two study areas, and the 
analysis of Landsat images from 2014 over two study areas that represent the 
size of a province, in the same administrative regions as studied in Papers I 
and II. In general, the social-ecological patches and related sets of ecosystem 
services identified in Paper I were confirmed in this study. However, some 
differences were observed. Depressions were in some villages more narrow 
and had erosion problems rather than high productivity. Irrigated land was 
suggested as a separate social-ecological patch, as access to irrigation gener-
ates a different set of ecosystem services. Further, land around public build-
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ings e.g. schools and municipal offices that would be classified as home-
steads due to their proximity to buildings, was often bare soil, suggesting the 
new social-ecological patch public land, with a different set of ecosystem 
services and use as compared to homesteads and bare soil. Shrubland was 
found to have different value depending on how much of it was found in a 
village. 
 
The hybrid classification method that was developed was structured as a 
decision tree, where each node separated pixels into two groups, based on 
criteria for one or several of the layers, including wet season NDVI, dry 
season NDVI, slope from the digital elevation model, and location of build-
ings. The resulting maps could represent fields, depressions, homesteads and 
bare soil with high accuracy, social-ecological patches that cover 70 % of 
one study area and 92 % of the other study area. Shrubland and forest had 
lower accuracies. Combining the generated provincial scale maps with the 
per unit area contribution of each patch to five benefits (annual crops for 
consumption, nutritional diversity and medical uses, material assets and en-
ergy, saving/insurance, and income), and adjusting values to accommodate 
the distance to homesteads and the shrubland cover per village, we produced 
maps of the benefits at provincial scale. Annual crops for consumption are 
mostly concentrated to particular parts of the landscape, whereas sav-
ings/insurance depends more equally on the whole landscape. Material assets 
and energy are generated where other benefits are generated to a lower de-
gree. 

Paper IV: Provisioning and regulation & maintenance 
services from trees and shrubs 
Trees and shrubs are important components of most social-ecological patch-
es identified in Paper I. In Paper IV, the state of scientific knowledge regard-
ing provisioning and regulation & maintenance services from woody vegeta-
tion on agricultural lands in the West African Sahel was reviewed. The con-
cept of ecosystem services was used as a lens to integrate knowledge on the 
role of trees and shrubs in these landscapes from different bodies of litera-
ture. The review included 30 species and yielded 138 references from the 
years 1960-2014 across multiple disciplines. Ethnobotanical studies and 
studies of tree-crop-soil interactions from agroforestry and agronomy were 
the dominant bodies of literature. The review showed that trees and shrubs 
are important landscape components for the generation of multiple ecosys-
tem services. The majority of the species generate multiple provisioning 
ecosystem services. This shows that many woody species contribute to the 
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provisioning ecosystem services particularly from the fields with trees, 
homesteads, depressions and fallows that we described in Paper I.                         
 
A more narrow set of species was studied for regulation & maintenance ser-
vices such as control of erosion rates, soil carbon and nutrient status, and 
maintenance of soil water. Woody vegetation has documented positive or no 
effect on soil carbon, nutrient and water content, while the review showed 
ambiguous results for the effect of woody vegetation on crop yields. The 
trade-off between the generation of fruits and leaves, and the potential reduc-
tion of crop yields, is integrated in farmers’ decision-making about how to 
manage woody vegetation on their fields. The review identified a critical gap 
in the literature on the landscape effects of woody vegetation, which is par-
ticularly relevant for regulation & maintenance services. Regulation & 
maintenance services from trees, and trade-offs between trees and crops are 
almost exclusively studied around one or two trees only.  
 
To investigate if regulation & maintenance services have been addressed at 
larger scales in recent literature I did a new search in Web of Science using 
the same search terms as in the review (see the methods section in Paper IV) 
2016-09-23. Scanning the titles and in some cases the abstracts I only found 
two relevant additions addressing effects of trees on agroforestry fields on 
soil water flows and ground water recharge. Comparison of sample points 
under trees and in open areas in neighbouring locations with higher and low-
er tree densities showed that open areas between trees where tree density is 
higher has higher accumulated soil water drainage at 1.5 meters depth, and 
that the water reaches this depth earlier in the season as compared to open 
areas where the tree density is lower (Ilstedt et al. 2016). High tree density 
increased preferential flow of water (the water bypassing the main soil ma-
trix for example in cracks) for groundwater recharge, but did not affect soil 
infiltrability (Bargués Tobella et al. 2014). 
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8. Discussion 

This thesis has made contributions both to the literature on the Sahel and to 
the literature on ecosystem services. First, as we saw in the introduction, the 
combination of an ecosystem service study in the Sahel is a contribution in 
and of itself. In this chapter I discuss the results of the thesis in relation to 
the three major themes of the thesis and the research questions related to 
these themes. In the final section I outline areas for future research.  

8.1 Ecosystem services and benefits in Sahelian 
landscapes today 

One way research is scaled up is new framings - new ways of talking about 
things 
Jim Sumberg at the Agricultural research for development conference,  
Uppsala, September 2015 

 
New ways to describe Sahelian landscapes that integrate local knowledge 
and priorities are needed to develop approaches for sustainable poverty alle-
viation in the Sahel. Further, the multifunctional nature of these landscapes 
must be captured in assessments beyond the village scale. In this thesis, sev-
en social-ecological patches based on local landscape descriptions, and ten 
provisioning ecosystem services with multiple benefits were identified 
through in-depth fieldwork in six villages (Paper I). The social-ecological 
patches with the related sets of provisioning ecosystem services were con-
firmed on a provincial scale within the same regions with a few adjustments 
(Paper III). The dominant social-ecological patches were possible to detect 
with high accuracy on medium resolution satellite images using a semi-
automatized hybrid classification method (Paper III).  
 
All social-ecological patches except bare soil generate multiple ecosystem 
services with multiple benefits. While the concept of multifunctionality also 
includes benefits from cultural and regulation & maintenance ecosystem 
services, these results show that Sahelian landscapes are multifunctional 
even by just examining the provisioning ecosystem services. Chapter 3.1 has 
shown that perceptions matter for interpretation of landscapes, and for poli-
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cies and interventions based on these interpretations. A central perspective in 
this thesis has thus been that local people are knowledgeable about their 
landscapes, practices and needs. I have been learning from them throughout 
the work with this thesis. To contribute to a better understanding of Sahelian 
landscapes and their multifunctional use, and to make interventions locally 
relevant and legitimate, it is important that the perspectives of local people 
are a key constituent in shaping the understanding, policies and interventions 
related to Sahelian landscapes.  
 
A major contribution of the thesis is the inclusion of local ways of describing 
the landscape in the definition of social-ecological patches, which include 
more parameters than conventional land use classes (Paper I). For example, 
the often-used term cropland is found in three different social-ecological 
patches, which generates different combinations of ecosystem services. 
Many of the ecosystem services are generated by the woody species that co-
exist on cropped land (Paper II, Paper IV). Another aspect that is missed out 
in assessments if they are based only on classifications of dominant land 
uses is the seasonal variability in how the patches are used. For example, 
land that is cropped fields during the rainy season becomes pasture after 
harvest and can thus not be classified as either cropland or pasture.  
 
While I have not studied cultural ecosystem services as such in this thesis, 
the fieldwork showed that the provisioning ecosystem services identified are 
difficult to separate from the cultural values of their use. For example, the 
use of medicinal plants is decreasing as access to medicines from pharmacies 
increases, but the knowledge of these plants and the possibility to harvest 
them is highly valued, particularly among traditional healers. Further, the 
nutritional value of the wild leaves from trees and herbs used in sauces ac-
companying the staple tô could potentially be replaced by cultivated vegeta-
bles, but the preparation and taste of traditional dishes has a strong cultural 
value. This is in line with findings by Chan et al. (2012a) showing that all 
classes of ecosystem services have cultural values. Similarly from northern 
Burkina Faso, a study found that attachment to place, preservation of farm 
identity and prestige were important cultivation outcomes alongside food 
and fodder production (Rasmussen and Reenberg 2015). 
 
As with all methods, the ones I have applied in the thesis come with their 
own set of limitations concerning how they contribute to an understanding of 
Sahelian landscapes. Suggestions for how to address some of these issues are 
outlined in chapter 8.4. First, while the social-ecological patches and related 
set of benefits could be validated on the provincial scale, the north-south 
gradient in rainfall and landscape composition is sharp, hence we cannot 
expect the social-ecological patches to be valid outside a band of about 100 
km witdh across Burkina Faso with similar social-ecological conditions. To 
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further expand the geographical area addressed will require additional in-
depth fieldwork to identify additional social-ecological patches. This initial 
phase of the method is time consuming but necessary in order to include the 
local user perspective. The data on the contribution of each social-ecological 
patch to each ecosystem service is based on scores for the relative contribu-
tion. Therefore, it is not possible to compare the importance in absolute 
terms between services. The focus in the empirical work for the thesis was to 
improve the assessment of the locally important direct benefits from provi-
sioning ecosystem services, for example to include wild foods that are often 
excluded (Crossman et al. 2013). Regulation & maintenance services are 
important to maintain the generation of these provisioning ecosystem ser-
vices, for erosion control and to regulate extreme events. These services 
have only been addressed in the review (Paper IV) in this thesis. This is an 
area for future research (see chapter 8.4).  

8.2 Change in ecosystem services from local landscapes 
over time 
Paper II has shown that the potential generation (extrapolated from the gen-
eration today) of the ecosystem services cereals, legumes, vegetables and 
leaf vegetables from herbs have increased in all villages between 1952 and 
2016. During the same time, firewood has decreased substantially, and the 
potential generation of fruits, construction material and medicine has de-
creased slightly. The potentials for leaf vegetables from trees and livestock 
have been relatively stable over time. The per capita production of crops has 
almost kept up with population growth, while all other ecosystem services 
have decreased per capita. There is no evidence for desertification in terms 
of substantial increase of bare soil in villages over the period 1952-2016. 
 
In relation to other studies in the literature on change in Sahelian landscapes, 
this thesis has taken a different, transdisciplinary perspective framed by the 
challenge of sustainable poverty alleviation. The focus on change in social-
ecological patches and the sets of ecosystem services and benefits generated 
from these complements and answers slightly different questions as com-
pared to studies focusing on changes in NDVI signal in relation to woody or 
herbaceous vegetation (see e.g. Brandt et al. 2016a; Dardel et al. 2014), 
woody species diversity (Herrmann and Tappan 2013, Hänke et al. 2016), or 
perceptions of change across the whole landscape, not related to landscape 
units (Herrmann et al. 2014). The thesis adds evidence to describe the Sahel 
as a complex region where multiple processes occur side by side, which 
cannot be described as either degrading or greening. Paper II contributes a 
study of how social-ecological patches have changed in six villages across 
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two administrative regions with a long-term perspective (60 years, 6 points 
in time). This type of landscape information, but with even shorter time in-
tervals, has been suggested to improve the understanding of variations in 
NDVI trends. For example, Dardel et al. (2014) observed that the Fakara 
agro-pastoral region in Niger has a very dynamic land use, where variations 
in the proportion of different land uses must be followed in order to interpret 
trends. This approach contributes a method to a scarce literature on change 
in ecosystem services over time. It is a first step to assess change in co-
produced ecosystem services over time, addressing both the supply and de-
mand side of ecosystem services. Both of these, particularly the demand side 
must be better understood through future studies. Understanding the change 
over time in both of these related to changes in land cover, livelihood con-
text and climate could inform scenarios for future changes in ecosystem 
services generation under future changes.  
 
Comparing the results of the thesis to the difference in NDVI trends 1982-
2008 observed between the two studied regions (Figure 5), no effects of the 
differences on the results were found, which was surprising. The thesis 
found that the use of the landscape in terms of observed social-ecological 
patches, the sets of ecosystem services generated in each social-ecological 
patch, and the benefits from these ecosystem services does not differ be-
tween a region with observed greening since the 1980s, and a region with no 
or a slightly negative trend in greenness (Paper I). There is also no difference 
related to region in the change in area covered by different social-ecological 
patches over the period 1952-2016 (Paper II). Villages have different change 
trajectories in terms of area covered with fields in the 1950s, and in terms of 
the period during which fields expanded most. However, these differences 
are not related to region. The directions of change in the potential for genera-
tion of ecosystem services (as described above) are the same in all villages. 
There are differences between villages but these are not related to region.  
 
Similar results, where differences in the NDVI value between pixels were 
difficult to relate to change measured and perceived on the ground, are re-
ported also from Senegal (Herrmann and Tappan 2013, Herrmann et al. 
2014). This shows that large-scale analyses of change in vegetation must be 
interpreted with caution regarding the on-the ground conditions they repre-
sent. The lack of observed differences between the two regions in this thesis 
can also partly be explained by limitations in the analysis of change over 
time. For example, an area can change in quality (e.g. tree density and inten-
sity of management) and hence capacity to generate ecosystem services, 
while maintaining the same social-ecological patch category and therefore be 
assigned the same set of ecosystem services in the analysis of change over 
time. This can mask change in capacity to generate ecosystem services. It 
must also be mentioned that not all changes between social-ecological 
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patches means a change in NDVI. The NDVI signal is rather affected by 
within-patch differences in vegetation quality. As outlined in future studies, I 
plan to study change in tree/shrub cover over time using the same image 
material as in Paper II. This approach cannot assess actual production of 
ecosystem services, which is highly dependent on rainfall. For example, the 
potential generation of livestock has been relatively constant over time in 
this analysis, while it is know that the drought years of the 1970s and 1980s 
caused large reductions in livestock herds (see e.g. Grégoire, 1997). 
 
The analsyis of change in the generation of ecosystem services is also lim-
ited by the lack of data to describe change in demand for ecosystem services 
over time. In paper II, population data at provincial level was used as one 
key indicator of change over time. The analysis would be improved with 
reliable population data at village level. There is for example indications of 
much higher population densities close to Ouahigouya (where the villages 
Boursouma, Reko and Oula are located) than the average for the whole 
Yatenga province (Marchal 1983). The analysis would also benefit from data 
on change in use of different ecosystem services over time, and how the 
dependence on these has changed in relation to other livelihood strategies. It 
is a limitation of the thesis that I have not compared the importance of bene-
fits from ecosystem services to the value of other income sources except for 
the context of compensation strategies for crop loss (Figure 5 in Paper I). 
However, in this context it is important to stress that people in the villages 
where I have been working have a strong identity as farmers. From other 
parts of the Sahel, studies have shown that diversification of livelihoods has 
made agriculture and hence climate less important for livelihoods (Nielsen 
and Reenberg 2010). In contrast, my informants stressed that people can 
have other activities on the side but that agriculture is the main activity for 
livelihoods. For them, it is central that the rains are good so that the crops 
yield well, and they are concerned about future climate change. 

8.3 Methods to assess ecosystem services in Sahelian 
landscapes 
The focus in this thesis has been to assess changing Sahelian landscapes in a 
way that is useful in the context of sustainable poverty alleviation. From this 
perspective, transdisciplinary knowledge generation that includes local 
knowledge is necessary to improve knowledge and make the interventions 
they inform locally relevant. Current methods to assess ecosystem services 
were not suited to address this overarching objective in the Sahelian context. 
A key contribution of this thesis is thus the development of methods to in-
clude local knowledge in ecosystem service assessments in a way that is 
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generalizable to scales relevant for development interventions. Specifically, 
the thesis combines participatory methods such as transect walks and quali-
tative and quantitative data from focus groups (to integrate local knowledge) 
with manual and semi-automatized interpretation of remotely sensed images 
(to map distribution of benefits at a provincial scale). This combination of 
methods allows for addressing important benefits to local people that are not 
visible in global datasets in a region with a lack of secondary data on local 
scales. The thesis adds to an increasing body of literature on how to integrate 
participatory multi-method approaches to ecosystem service assessments in 
low-income settings (Fagerholm et al. 2012, van Oort et al. 2014, Paudyal et 
al. 2015, Ramirez-Gomez et al. 2015). In the thesis, sets of ecosystem ser-
vices identified in the participatory process are connected to locally relevant 
landscape units in a way that is consistent across six villages in two different 
regions (Paper I) and valid in the provinces where these villages are located 
(Paper III). As a particular set of ecosystem services is connected to a partic-
ular landscape unit, the approach can be used to assess changes in potential 
for different ecosystem services over time (Paper II). Studies of changes in 
ecosystem services over time are rare (Bürgi et al. 2015, Renard et al. 2015, 
Berbés-Blázquez et al. 2016). This thesis thus contributes a study in multiple 
villages across two regions, for a long time period (more than 60 years) di-
vided into six time steps.  
 
The thesis also presents an example of how preliminary results can be re-
ported back to local communities to increase the possibility for participation 
and verification that results are locally relevant. This has been done in the 
field of human geography (Årlin et al. 2015, Caretta 2016) but should have a 
place in ecosystem service assessments in order to obtain locally relevant 
results and for ethical conduct of bringing back the outcomes of the research 
to the communities in which the research took place. This can improve the 
transdiciplinary co-production of knowledge that is necessary in order to 
address the challenge of sustainable poverty alleviation. 

8.4 Future studies 
To further improve the analysis of change in ecosystem services over time 
(Paper II), tree cover could be mapped for all time steps using the same im-
age material as in Paper II, with a similar method to that used by Hänke et al. 
(2016), to assess change in one aspect of the quality of social-ecological 
patches. If historical species distribution data is available, change in ecosys-
tem services from woody vegetation can be estimated using results from 
Paper IV. However, longterm vegetation monitoring is rare in the Sahel 
(Dardel et al. 2014). 
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Another aspect to address is regulation & maintenance services. Modeling is 
probably the best approach for services related to water and sediment flows 
on watershed to provincial scales. I expect the spatial distribution of social-
ecological patches in the landscape to impact regulation & maintenance ser-
vices, probably more than differences between different social-ecological 
patches. There is also high within-patch heterogeneity in for example soil 
carbon and nutrient content (Holén 2015), which must be taken into account 
when developing assessments of regulation & maintenance services. 
 
A third aspect to explore is the possibility to use the social-ecological patch-
es and their associated sets of ecosystem services identified in Paper I in 
combination with insights on how demand for ecosystem services has 
changed over time (Paper II) and area-benefit relationships from the up-
scaling study (Paper III) to develop social-ecological production functions 
for ecosystem services. Such production functions could be used to model 
how ecosystem services and benefits are affected by change in the distribu-
tion of social-ecological patches on a provincial scale. This could be com-
bined with participatory development of future plausible scenarios of land-
scape change that could be modeled, which would be useful to develop land-
scape interventions for sustainable poverty alleviation in the Sahel. 
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9. Conclusions 

 
• Under current and historical management and use, Sahelian land-

scapes are multifunctional, in the sense that all units of the landscape 
generate a suite of provisioning ecosystem services with multiple 
benefits for local people. 

 
• There is no difference between the region with satellite observed 

greening and the region with no or negative vegetation trend in 
terms of identified social-ecological patches and the sets of ecosys-
tem services and benefits they generate.  

 
• Trees and shrubs are integrated components in almost all social-

ecological patches. They generate a range of provisioning ecosystem 
services with multiple benefits. The effects of trees and shrubs on 
agriculture and regulation & maintenance services are understudied 
beyond the effect of individual trees. 

 
• Social-ecological patches and related sets of ecosystem services 

identified on the village scale are also confirmed on the province 
scale. 

 
• The dominant changes in social-ecological patches over time are that 

fields with trees have increased over time, while shrublands have 
decreased. This change over time in the distribution of social-
ecological patches differs between villages, but is not related to re-
gion.  

 
• The analysis of change over time shows no indication of large-scale 

degradation in the regions over the period 1952-2016, as the area 
covered with bare soil is limited, and thus does not support the nar-
rative of irreversible desertification.  

 
• While the potential generation of crops and herbaceous wild foods 

has more or less kept up with population growth, the potential gen-
eration of wild foods and medicine from woody vegetation, con-
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struction material, resources for livestock and particularly firewood 
have decreased per capita.  

 
• Livelihood strategies based on the local landscape are still dominant 

in the studied regions. Cash income from selling crops has an in-
creasing importance. 

 
• The thesis highlights the complexity of change processes in Sahelian 

landscapes, which refutes attempts to describe the region as either 
degrading or greening. 

 
• To assess the impact of management changes, the full range of eco-

system services affected and their benefits must be assessed in order 
to understand what impact a particular management change has on 
human well-being. 

 
• The strength of this kind of multi-methods approach for addressing 

sustainable poverty alleviation is the inclusion of local knowledge 
while addressing a scale relevant for management. 

 
• Despite the high dependence on the local landscape among the Sahe-

lian population, there is a lack of studies on ecosystem services in 
Sahel especially studies that take a transdisciplinary approach to ad-
dress the challenge of sustainable poverty alleviation. This thesis 
contributes one such study. 
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Epilogue  

It is mid-January 2016 and the Harmattan wind blows dust from the Sahara 
that forms a slight haze on the cloud free sky. We are sitting in the shade 
outside the village shop waiting for the last participants before starting the 
feedback session. Two women arrange onion leaves on a table, leaves that 
they harvested close to the dam earlier in the morning. A man stands on a 
wooden crate beside the stand with gasoline in glass bottles for sale, search-
ing for the spot with best telephone network. The session starts; I distribute 
booklets in Mooré and French, and present the results. We discuss if some-
thing should be adjusted, and which changes has taken place since the 1950s. 
I present the printouts of the aerial photographs and satellite images for the 
village, which is met by a curiosity of who had photographed their land al-
ready in the 1950s, before the discussion of changes can continue.  
 
Towards the end of the session the conversation turns towards the future, 
both in terms of how my work can benefit the villages, and concerns for 
increasing extreme rainfall events. I am being told that rain events that are 
too intense for the crops and cause crop damage have become more com-
mon, at the same time as the rains cease before the end of the season, hinder-
ing full crop development. I say that I report my results for example to the 
funding agency, which also makes decisions about which development pro-
jects to fund. Further, that the director of our research centre just recently 
was a part of the Swedish delegation to the COP21 in Paris, bringing a syn-
thesis of the research from the centre as a whole to that table, where leaders 
of nations agree on how to address this global issue. 
 
After the session I am guided around the irrigated land in the vicinity of the 
reservoir. The cultivation of onions, cabbage, tomatoes, potatoes, aubergines 
and other vegetables has expanded substantially since I last visited. I am told 
that a son of a neighbouring village returned from Ouahigouya when water 
became accessible allowing him continue his potato cultivation close to 
home. An increasing number of people see that vegetables can generate 
much more income than staple crops. Is this something that will make agri-
culture interesting as a livelihood strategy for (some) young people? What 
can a future sustainable food production system in the Sahel look like? And 
more generally, sustainable rural landscapes in the Sahel sustaining human 
well-being? 
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Personal reflections and Thank you  

While I have been busy finishing this thesis, media has been occupied by the 
upcoming elections in the USA, and also retrospectives of Barack Obama’s 
eight years as president. That January day back in 2009 when he was inaugu-
rated, I sat at Arlanda airport following the ceremony on a TV screen while 
waiting for the Ethiopian Airlines flight to Bamako through Addis Ababa. It 
was my first travel to the African continent, and I didn’t know anything 
about what to expect from the three months I was going to spend in Bamako 
doing fieldwork for my Masters thesis. During the time I spent there, I didn’t 
find a method to treat wastewater from small-scale textile dying, but I met 
my husband to be and became interested in exploring rural areas in West 
Africa. Back in Sweden I got my Masters degree and worked a bit more than 
a year as a research assistant. During this time, four PhD positions with 
fieldwork in Burkina Faso, the home country of my husband to be, were 
announced at different Swedish universities. I was interviewed for this par-
ticular position at the orange coaches in a July-empty SRC in 2010, and im-
mediately felt ”I want to work here!” Thank you so much Line, Elin, Jennie 
and Lowe for giving me this opportunity!  
 
Line and Elin, we have taken turns to be on parental leave, but I have always 
felt your support and it has been so inspiring and nice to work with you! 
Thank you for all discussions and constructive feedback over the years.  
Jennie, you have always been available through Skype no matter where in 
the world (UK, Sri Lanka or elsewhere) you have been. I hope that aspects 
of Sahelian landscapes we have been working on will be visible in a future 
publication. Lowe, thank you for being there for discussions and for sharing 
ideas about how to study humans in landscapes. 
 
I would like to thank the people in the villages for participating in the re-
search and for being so welcoming. The warmth I felt when coming back in 
January 2016 made me realize the richness in getting to know you. Thank 
you Desiré for being an excellent field assistant. M pʋʋsda neb nins fãa m 
sẽn yek tʋʋmda pʋgẽ, tẽ-bõonsẽ wã. M pʋʋsda bark yãmb fãa sẽn sak n deeg 
m sãando, bumb mam sẽn ka tõe yĩme. Foo Amadu, sẽn zʋʋg zirga wẽnbo, 
fo ya mam kẽema, tõnd tʋʋmda zak pʋga. Fo kẽesa f menga, ti tʋʋmda yi 
sõama wʋsgo. 
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I would like to thank our project partners (still or formerly) at INERA: 
Korodjouma Ouattara, Soleymane Paré and Seraphine Sawadogo Kaboré, 
for fieldwork support. Special thanks to Issa Ouedraogo for sharing 
knowledge and data, and for your hospitality. I have also appreciated the 
interactions with the project partners from Niger: Moustapha Adamou and 
Abasse Tougiani. Thanks to my fellow PhD students within the Sahel pro-
ject: creative Olivia Murzabekova, my office roommate for two years who 
shared the first fieldwork experience. Maurice Savadogo who studied the 
villages from a soil science perspective, and Issoufou Baggnian who took 
care of the Niger-based studies within the project. I am happy for the ex-
change I have had with the master students I have introduced to the field 
and/or co-supervised: Hendrik Hänke, Anneli Sundin, Elinor Holén and Kat-
ja Malmborg. Thank you Katja for great collaboration on Paper III. 
 
The fantastic PhD group at SRC has ment a lot during these years! Thank 
you all for the open atmosphere for discussing our research field, bringing 
together so many perspectives and experiences! I’m happy to have been at 
the STEPS centre summer school together with Jamila and Simon, and that 
we could digest our experiences in a working paper. I was happy to be a part 
of the creative undisciplinarity team, particularly in organizing the session at 
Resilience 2014 in Montpellier. Emilie was there when I started; keen to 
include me in social life and always caring throughout the years. Thank you 
Juan, my office roommate for four years, always willing to help and share 
your knowledge. Thank you Jamila and Vanessa for friendship and support. 
 
Being at the SRC has been much better than I could imagine in the July-
empty office in 2010, as it is the fantastic collegues that make the centre 
what it is. Thank you for creating a nice, open and stimulating research envi-
ronment, and for food for thought in various seminars. I would like to thank 
the participants in the reading group on ecosystem services, resilience and 
poverty that I organized together with Oliva the during the first year: Maria 
T, Tim, Juan, Lisa, Uno, and probably someone I have forgotten. It meant a 
lot for me to discuss these issues with you. Particular thanks to Marta Ber-
bés-Blázquez who joined the seminars on skype from Canada at a super ear-
ly hour. 
 
Thank you Juan Carlos Rocha and Ingo Fetzer for helping me with R code to 
previous version of two of the manuscripts in the thesis. I am grateful for-
constructive feedback on drafts of my kappa from Tim Daw, Maja Schlüter 
and Patrick Keys. Thank you Andrew Merrie for proofreading the kappa, 
Maike Hamann for proofreading Paper II, and Jean-Baptiste Jouffray for 
correcting my French abstract. Arnaud Ouedraogo mediated the contact to 
Alain Sawadogo who translated the abstract to Mooré. Thank you both. 
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Att få vara hos mamma och pappa, och i synnerhet mammas markservice 
gjorde det möjligt att komma vidare med avhandlingen och samtidigt hinna 
njuta av sommaren, Tack! M reem dãmba sẽn be Wogdgo, y reema sãand 
pʋ-peelem reegre, hal ti bũmb ba a yey pa paoog m ye. Y bark wʋsgo.   
 
Hamidou, om den här avhandlingen hade blivit till utan dig, hade den blivit 
något helt annat. Tack för ditt stöd och din optimism hela tiden, och i syn-
nerhet under fältarbetet. Jag är glad att ha fått dela en stor del av det med 
dig. Du introducerade mig till byarna, översatte, hittade praktiska lösningar, 
och höll stämningen uppe under det första fältarbetet när vi var ett stort 
team. När jag åkte till fält ensam höll du koll på att de på plats tog väl hand 
om mig. Du har hjälpt mig att hålla kontakt med byarna via telefon från Sve-
rige. Du, och de senaste två åren även Nathanael, har sett till att avhandling-
en inte har fått uppta en för stor del av livet.  
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