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From: Tsoar, 2013. Critical environments: sand dunes and climate change. In: Shroder, J., Lancaster, N., Sherman, D.J., Baas, 
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Coastal Dunes of the World

From: Martinez, M.L. and Psuty, N.P. (Editors), 2004. Coastal Dunes Ecology and Conservation. Springer, Berlin.



Active dunes – dry period

Stabilized dunes – wet period



Sridhar, V., Loope, D.B., Swinehart, J.B., Mason, J.A., Oglesby, R.J. and Rowe, C.M. 2006. Large wind 

shift on the Great Plains during the Medieval Warm Period. Science, 313: 345-347.





Active dunes – dry period

Stabilized dunes – wet period

Sarnthein, M. 1978. Sand deserts 

during glacial maximum and climatic 

optimum. Nature, 272: 43-46.



Chasan, D. J. (1997). "Will the 

dunes march again." 

Smithsonian Magazine

December 1997: 71-80.



Earth, February 1997



After Wilson, 1970

Isohyet of 150 mm

Ian Wilson, 1970, The external morphology of wind-laid bodies, PhD thesis, University of Reading.



After Wilson, 1973
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Kyzyl-Kum 

(Red Sands)

~209699 Km2

Kara-Kum

(Black Sands)

~267786 Km2



Kyzyl-Kum
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Kara-Kum



P=114 mm         PE=2100 mm

P/PE=0.05 

Negev Desert (Israel)



Port Elizabeth, South Africa

P=624mm



Lençóis Maranhenses, Brazil



Lençóis Maranhenses, Brazil



Lençóis Maranhenses, Brazil



Lençóis Maranhenses, Brazil
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Months

Rainfall at Lençóis Maranhenses, Brazil

Average yearly rainfall 2400 mm



What are the limiting factors for vegetation 

on sand dunes? 
Lençóis Maranhenses, Brazil



NE France



NE France



One of the limiting factors for vegetation on dune sand is 

wind erosion



• How much is the minimum precipitation needed in order 

for vegetation growth on dunes to stabilize the sand dunes? 

• How can wind erosion’s effect on the prevention of 

vegetation growth or the mobility of sand dunes be 

quantified? 

• How does the combined effect of wind erosion and 

precipitation determine the mobility and stability of sand 

dunes? 



The effect of prolonged drought on fixed 

sand dunes
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NW Negev Desert, Israel





Survey method

4 repetitions at each site

5 sites along the rain     

gradient

4 samplings at each site 

each in an area of 5x20 

meters

Total of 80 samples in 2007

80 samples in 2008

80 samples in 2009



Visual assessment of wilting of Artemisia 

monosperma

Dead (all above-ground parts dead)

Wilted (nearly dead)Slightly wiltedNormal (not wilted)

Dead (disintegrated)





Aerial photo analysis

TRMS 

(m) 

Scale Resolution (m) Date Year 

0.57 23100 0.63 12.8 2005 

base - 1 not known  2003 

0.44 13000 0.3 4.12 1999 

0.6 36400 0.68 30.4 1994 

0.5 13727 0.42 4.2 1989 

0.57 27000 0.51 17.4 1982 

0.47 27800 0.92 20.7 1984 

0.5 15724 0.47 24.4 1976 

0.53 28500 0.74 12.6 1971 

0.51 26000 0.58 26.7 1968 

0.52 30000 0.72 24.7 1956 

 
TRMS= Total Root Mean Square error



Aerial Photo Analysis (H)



Change in vegetation cover from 1956 until 2005 

in Hallamish (H) field - Aerial Photo Analysis 

כיסוי צומח בחלמיש לאורך השנים
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Years

1967, Israel occupies Sinai

1982, Israel withdraws from Sinai
From 1999, the effect of the 

drought



The correlation coefficients and probabilities for the moving 

averages of rainfall and shrubs cover measured at site H 

between 1988/89 – 2004/05.

P ValueR^2Moving average 

(years)

0.30.335

0.10.626

0.020.847

0.030.838

0.010.889

0.040.7910

0.080.6711



Accordingly,  when the annual average rainfall is 52 mm, the shrub cover (in the Negev 
Desert) is zero (After: Siegal, Z., Tsoar, H., Karnieli, A. 2013, Effects of prolonged drought 
on the vegetation cover of sand dunes in the NW Negev Desert: Field survey, remote 
sensing and conceptual modeling. Aeolian Research 9, 161–173).
.
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How can wind erosion’s effect on the
prevention of vegetation growth or the
mobility of sand dunes be quantified?



The limiting factor for vegetation on 

dune sand is wind erosion (power)

Power  is defined as the amount of energy 

consumed per unit of time. The unit of power 

is joule per second (J/s), known as watt (W).



                                      WIND POWER EQUATIONS 
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Where: KE  is the kinetic energy, m is the mass and U is the speed. 
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Where:  is the density of the air, V is the volume of air parcel. 
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Where: Ais the area of air parcel and L is its thickness. 
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U     or  tUL   where t is the time.             
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Where: WP = wind power, J is joule and W is watt.  Hence: 
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                  Where 

A

PW
is the wind power density.          
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2m is square meter 

 

                 

Wind power density





Potential sand transporting power 

of the wind (Fryberger 1979)

q U t
*

3

DP q
U U U

tt  
2

100

( )

q- rate of sand drift

U*-shear velocity

t-time wind blew (%)

U-wind velocity

Ut-threshold velocity

DP-drift potential



Index of directional variability of the wind

RDP/DP

RDP = the magnitude of the resultant

vector (the Resultant Drift Potential).

RDP/DP approaches unity when the

wind comes from the same direction

and zero when the wind is

multidirectional with symmetric

distribution of DP for each direction.



El-Golea, Algeria Aranau, NE Brazil



D
P

NCDC (National Climatic Data Center) 



A simple model for dunes` vegetation cover.

2/3
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maxvegetation coverage (0 )

vegetation critical density

      from 0.14 (Kalahari) to 0.35 (Australia)

spontaneous growth 

c

v v v

v



  





Logistic growth

Vegetation 

suppression due 

to sand mobility

Vegetation 

suppression 

due to wind

From: Yizhaq, H., Ashkenazy, Y., 

and Tsoar, H., 2007, Why do active 

and stabilized dunes coexist under 

the same climatic conditions? 

Physical Review Letters, 98(18): 

Art. No. 188001



Effect of sand accumulation/erosion on vegetation

2/3

max

( ) 1 DP ( ) DPc

dv v
v v v v v

dt v
    

 
      

 

DP proportional to sand flux which is proportional to dune height.

 accumulation/erosion proportional to DP.

 depends of the plant type and quantifies the mortality



2/3

max

( ) 1 DP ( ) DPc

dv v
v v v v v

dt v
    

 
      

 

Direct effect of wind on vegetation

DP  U3 and wind drag proportional to U2

 wind drag proportional to DP2/3.

 depends of the plant type and quantifies 

the mortality



From: Yizhaq, H., Ashkenazy, Y. and Tsoar, H., 2007. Why 

Do Active and Stabilized Dunes Coexist under the Same 

Climatic Conditions? Physical Review Letters, 98(18): Art. No. 

188001 MAY 4 2007.

=139 =2828

Brazil

When average annual rainfall ≤ 100 mm

From: Yizhaq, H., Ashkenazy, Y. and Tsoar, H. 2007, Why do active and stabilized dunes coexist 
under the same climatic conditions? Physical Review Letters, 98(18): Art. No. 188001 MAY 4 
2007



How does the combined effect of
wind erosion and precipitation
determine the mobility and stability
of sand dunes?



From: Yizhaq, H., Ashkenazy, Y. and Tsoar, H., 2009. Sand dune dynamics and climate change: A modeling 

approach. Journal of Geophysical Research-Earth Surface, 114: F01023, doi:10.1029/2008JF001138.

Active dunes 
because of lack 
of rainfall

(because of high DP)

(because of low 
DP and rainfall 
above 100 mm)



Human Impacts







Eastern Sinai



From: Yizhaq, H., Ashkenazy, Y. and Tsoar, H., 2007. Why 

Do Active and Stabilized Dunes Coexist under the Same 

Climatic Conditions? Physical Review Letters, 98(18): Art. No. 

188001 MAY 4 2007.

=139 =2828

Brazil

When average annual rainfall ≤ 100 mm

From: Yizhaq, H., Ashkenazy, Y. and Tsoar, H. 2007, Why do active and stabilized dunes coexist 
under the same climatic conditions? Physical Review Letters, 98(18): Art. No. 188001 MAY 4 
2007







Ashdod, Israel 1983



Ashdod, Israel 2002



Cerastes viper



Ashdod, Israel 2001



Ashdod, Israel 2001



Ashdod, Israel 2004



From: Yizhaq, H., Ashkenazy, Y., and Tsoar, H., 2007, Why do active and stabilized dunes 

coexist under the same climatic conditions? Physical Review Letters, 98(18) Art. No. 188001

Kraansvlak (The Netherlands)





Ashdod



Kraansvlak (The Netherlands)





(a) Active to fixed dune transition point and fixed to active dunes transition as a function of critical

vegetation cover Vc. The various gray shadings represent different stability regimes. As Vc increases, the

fix-active and active-fix dune transitions occur for weaker winds (low DP) (b) Same as (a), but for different

growth rates α. As α decreases, fix-active and active-fix dune transitions occur for weaker winds (low DP),

suggesting that drought conditions are more favorable for transitions from fixed to mobile dune states

(desertification process).



(b) An example of transition from a fixed dune to an active dune state (the Netherlands case). Time evolution

(in arbitrary time units) of vegetation cover v for DP=1570 for different initial conditions (v=0.3 and v=0.1).

The upper curve converges into the fixed dune F state, while the lower curve (that is associated with large

disturbance) converges into the active dune A state. (c) Same as b, but for different DP values, (Israel-Egypt

border case), starting from v=0.01. For DP=50 and DP=100, the asymptotic state is the fixed dune state F,

whereas for DP=200, it is the active dune state A.


