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Arid, semi-arid and dry sub-humid regions are collectively called 
DRYLANDS

Are home to 
35% of the 

global 
population! 

Drylands 
comprise 
41.3% of the 
terrestrial area 
of the globe! 



Climate Change

Desertification



Reynolds, et al. (2007) Global Desertification: Building a Science for Dryland Development. Science [May 11] 

Why is this ?   
 We argue that, in part, it’s the absence of a 

focused international science program 

How often does topic of desertification appear in 2 of  
the world’s leading journals? 

Survey covers period July 1996 – 
June 2006 







Altiplano (Andes High Plains)





Quinoa (Chenopodium quinoa Willd.) 



•  Native à  Andes of  
Bolivia, Chile, Peru  

•   “Mother Grain" in  
  the Inca language 

•   Major crop of the  
  pre-Columbian 
 cultures  

•  “Inca rice” à eaten  
> 5,000 yrs 

•    Traditional staple  
  of diet 



Pseudocerea
>120 varieties known



Salar de Uyuni in southern Bolivia
    • world’s largest salt flat: 10,582 km2

    • ~3,700 m elevation





The “Great Plow-up” of the Salar de Uni





Quinoa 

Land area of 
cultivation 

Family, community 
cooperation $$  

Profits 

Wind, 
water erosion 

Soil 
Fertility 

Organic stores  
in USA & Europe 

DEMAND 

Health &  
Cultural 

traditions 

$ 

Introduction of 
tractors 

NGOs, USAID, etc 



DRYLAND	DEVELOPMENT	PARADIGM	
(DDP)	
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Reynolds JF, et al. (2007) Global desertification: Building a science for dryland 
development. Science, 316(5826), 847-851. doi: 10.1126/science.1131634 

 

Drylands 
Development 

Paradigm  
(DDP) 

P1: Coupled 
H-E systems 

P2: Key slow 
variables 

P3: Role of 
thresholds 

P4: Cross-
scale 

interactions 

iterative 

Identify 
relevant 

stakeholders 

Identify goals 
& targets 

STEP 4:  SCALING & INTEGRATION  HOUSEHOLD COMMUNITY 

Ecosystem goods 
and services 

STEP 2:   SCOPING PROCESS STEP 3:  SELECTION 
KEY VARIABLES TO 
 MONITOR 

Identify 
causes of 

desertification 

Identify 
uncertainties 
& sources of 

variability 

Which 
ecosystem 
goods and 
services? 

Socioeconomic 
variables (H) 

Biophysical 
variables (E) 

Identify key  
H-E 

interactions 

STEP 1: INTEGRATED FRAMEWORK 

P5: Local 
environmental 

knowledge 



(Assessment, Research,  
and Integration on Desertification 

network) 
 

International network of researchers 
(case studies: stakeholders) 

 
One Goal:  

classify what matters, where, and why 

Global Desertification: 
Do Humans Cause 

Deserts? 

James F. Reynolds 
and 

Mark Stafford Smith [eds]

Dahlem University Press
Berlin, Germany

http://www.biology.duke.edu/aridnet/



La Amapola, 
MEXICO  

Tri-City Border: 
(Las Cruces, El 

Paso, Juarez) 

La Sepultura 
(Chiapas) MEXICO 

Nochixtlán (Mixteca 
Alta), MEXICO 

Huasteca Sur, Sierra Madre 
Oriental (Huichihuayan), 
MEXICO 

Quesungual (Santa Rosa, Guarita, 
Candelaria ,Lempira) HONDURAS)  

El Alto Patía 
COLOMBIA  

Salar de Uyuni, 
BOLIVIA 

Región de 
Coquimbo, CHILE  The San Luis (Villa 

Mercedes), Central 
ARGENTINA 

ARIDnet - Americas 

Research Coordination Network 



3 Nodes

Case studies - to 
represent wide 
diversity of social & 
ecological systems

Leading towards global synthesis…

http://www.biology.duke.edu/aridnet/







Boswana, Africa 
Photo: National Geographic Society 

Ecological 

Perspective 
• Overgrazing 

• Soil fertility 

• Biogeochemical cycles 

• Biodiversity 

• Primary production 

• Secondary production 

Social-Economic 

Perspective: 

• Livelihoods 

• Land tenure 

• Poverty 

• Markets 

• Land use/change 

• Culture 



Pastoralist (NO) = Gullies 
don’t seem to affect my animals 
and high interest rates force me 

to stock up 

Farmer downstream (NO) = 
Without this gully I wouldn’t be 
getting enough run-off for my 

millet plot 

Dam manager downstream 
(YES) = this gully is part of 

what’s silting up the city’s water 
supply 

Hollywood Film-maker (NO!) 
= Are you kidding? These 

badlands are perfect for my next 
movie set! 

Soil scientist (YES) = The 
landscape is losing water and 
soil down this gully--it must be 

bad! 

Eco-tourist (YES) = These 
gullies look terrible and I’m not 

coming here again! 

Conservationist (YES) = The 
pastoralist is overgrazing the 

landscape and causing loss of 
biodiversity 

Pastoralist (NO) = This gully is 
natural 

Is this landscape degraded? Let’s ask the stakeholders 





Quinoa (Chenopodium quinoa Willd.) 

•  Tolerance to frost, salinity and drought
•  Can be grown on marginal soils





Evolving environment sub-
system (e.g., changing state of 

degradation, new pests and 
weeds) 

Evolving human sub-system 
(e.g., changing technology, 

institutions and human 
capital) 

Drylands Development Paradigm [DDP]: Consists of 5 Principles 

P1 

Adapted from Stafford Smith, DM et al. (2007) PNAS 104 and Verstraete, et al. (2009) Frontiers in Ecology and the Environment doi:10.1890/080119 
 
 

Frequent 
Changes 
Within 

Frequent 
Changes 
Within 

H           E 

H           E 

Human Environment Human Environment 

Provision of [E] and Utilization of [H]  
Ecosystem Services 



Provisioning 
Services 

Regulating 
Services 

Cultural 
Services 

Supporting  Services 

Pollinator 

Flood damage 
control 

Forest carbon 
sequestration 

Water purification 

Part I: Land Degradation & Desertification 



Evolving environment sub-
system (e.g., changing state of 

degradation, new pests and 
weeds) 

Evolving human sub-system 
(e.g., changing technology, 

institutions and human 
capital) 

P1 

Adapted from Stafford Smith, DM et al. (2007) PNAS 104 and Verstraete, et al. (2009) Frontiers in Ecology and the Environment doi:10.1890/080119 
 
 

Provision of [E] and Utilization of [H]  
Ecosystem Services 

DDP: Principles #2-3: Potential Consequences of Crossing Threshold 

Adapted from Stafford Smith, DM et al. (2007) PNAS 104 and Verstraete, et al. (2009) Frontiers in Ecology and the Environment doi:10.1890/080119 
 
 

Frequent 
Changes 
Within 

Frequent 
Changes 
Within 

H           E 

H           E 

Key 
“Slow” 

Variables 

Key 
“Slow” 

Variables 
H1 E1 

P2 P2 

H Thresholds P3 E Thresholds P3 

H1 E1 Frequent 
Changes 
Within 

Frequent 
Changes 
Within 

H           E 

H           E 
H-E BALANCE is DISFUNCTIONAL:  lst step leading to land degradation?  

Human Environment 



Drylands Development Paradigm [DDP]: Principles 1-5 

P1 

Provision of [E] and Utilization of [H]  
Ecosystem Services 

Human Environment 

“Slow” 
Variables 

“Slow” 
Variables 

H1 E1 

P2 P2 

    Thresholds P3 E Thresholds P3 

H1 E1 

Evolving 
human  

subsystem 

Evolving  
environment  

subsystem 

P1 

P3 P3 

P2 P2 

P4	
Multiple scales, cross 
        scales, hierarchy P4	

P5 
Local 

Environmental 
Knowledge 

[LEK] 

P5 



Climate change – 
drought in China 

Overgrazing-San Luis, 
Argentina 

Selling of firewood along 
roadway in Botswana 

Agricultural burning in 
savanna of Botswana 

Loss soil fertility, central 
Australia, near Alice 

Springs 

Overcultivation – millet 
in W. Africa, near 

Niamey, Niger 

Proximate causes of Land Degradation 

Nicholson et al [1998] Bull Amer Met Soc 79(5) 

Nicholson et al [1998] Bull Amer Met Soc 79(5) 

Nicholson et al [1998] Bull Amer Met Soc 79(5) Courtesy of Diego Steinaker 

Courtesy of John Ludwig 



IHDP Newsletter Vol. 4(2002)





The “Great Plow-up” 
of the Salar de Uni 

region of Bolivia

S-E Jacobsen, J Ag and Crop Sci (2011) 
doi:10.1111/j.1439-037X.2011.00475.x

s

Production (t)

Area Under 
Cultivation (ha)


