
Accepted Manuscript

Vegetation and Soil Degradation in Drylands: Non Linear Feedbacks and Early
Warning Signals

Patricia M. Saco, Mariano Moreno-de las Heras, Saskia Keesstra, Jantiene
Baartman, Omer Yetemen, José F. Rodríguez

PII: S2468-5844(17)30056-9

DOI: 10.1016/j.coesh.2018.06.001

Reference: COESH 47

To appear in: Current Opinion in Environmental Science & Health

Received Date: 1 March 2018

Revised Date: 10 May 2018

Accepted Date: 3 June 2018

Please cite this article as: Saco PM, Moreno-de las Heras M, Keesstra S, Baartman J, Yetemen O,
Rodríguez JF, Vegetation and Soil Degradation in Drylands: Non Linear Feedbacks and Early Warning
Signals, Current Opinion in Environmental Science & Health (2018), doi: 10.1016/j.coesh.2018.06.001.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.coesh.2018.06.001


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Vegetation and Soil Degradation in Drylands: Non Linear Feedbacks and 1 

Early Warning Signals 2 

Patricia M. Saco1*, Mariano Moreno-de las Heras2, Saskia Keesstra1,3, Jantiene 3 

Baartman3, Omer Yetemen1 and José F. Rodríguez1 4 

1Civil, Surveying and Environmental Engineering, The University of Newcastle, Callaghan 5 

2308, Australia.  6 

2Institute of Environmental Assessment & Water Research, Spanish Research Council 7 

(IDAEA-CSIC), Barcelona, Spain. 8 

3Soil Physics and Land Management Group, Wageningen University, 6708PB Wageningen, 9 

The Netherlands.  10 

* Corresponding author patricia.saco@newcastle.edu.au 11 

 12 

Abstract:  13 

Anthropogenic activities and climate change are imposing an unprecedented pressure on 14 

drylands, increasing their vulnerability to desertification. The spatial organization of the 15 

sparse vegetation cover is fundamental for the healthy function of the system, and 16 

disturbances can trigger cascading feedbacks leading to catastrophic system collapse. Here 17 

we discuss some of the latest research aiming at understanding abrupt landscape transitions 18 

and possible non-reversible changes, as well as emerging research on the identification of 19 

early warning indicators of abrupt transitions to desert states. Robust indicators should take 20 

into account temporal system dynamics characteristics, vegetation organization/patch size 21 

distribution, functional connectivity measures and human intervention effects. 22 

 Highlights: 23 

Dryland vegetation is organized in patterns for improved water capture. 24 

Vegetation patterns emerge from nonlinear water-vegetation-soil feedbacks. 25 

Perturbations by removal of plant cover can trigger erosion and desertification.  26 

Early warning signs can prevent shifts to non-reversible degraded states.  27 
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