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Introduction 

 

Semi-Arid and Arid areas are often regarded  

as highly sensitive to climatic changes. A positive 

relationship between average annual rainfall and 

environmental variables is usually assumed for such 

areas.  









The Problem 

 
The above models imply that the acuteness of aridity is inversely 

related to annual precipitation. This assumption may be valid for many 

ecosystems, but it is to be questioned for dry-land areas for a variety of 

reasons. With decreasing annual rainfall, water availability may be 

highly dependent on the relationships between rainfall and surface 

properties, which greatly influence the degree to which rain water will 

percolate, or will be transformed into runoff, thereby affecting the 

spatial redistribution of water resources. In addition, The global 

models completely disregard the dominant effects of the local rainfall 

properties such as the timing of rainfall during the rainy season, and 

the distribution of the effective rainfall distributions, the highly 

intermittent of rain-showers and their duration.       

 

 



Sharp Rainfall gradient 



Aim of Study:    

 to identify the various 

gradients that exist 

along two transects in 

the Northern Negev 

desert and analyze 

their effects on water 

resources and related 

ecological properties. 

In both cases average 

annual rainfall varies 

in the range of ~ 85 to 

~165 mm. 
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Aerial View of the Sand Dunes  
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Gradients along the sandy transect 

The rainfall gradient is accompanied by several additional 
gradients and their interaction is far more complex than usually 
perceived. The following gradients have been identified in the 
study area :  

• 1. Rainfall gradient   

•  2. Geomorphological gradient 

• 3. Sedimentological gradient 

• 4. Microbiological gradient 

• 5. Surface stability gradient 

• 6. hydrological gradient 

• 7. Soil moisture gradient 

• 8. Ecological gradient  



Methodology 

Data collected include:  

 

•  Rainfall-runoff relationships along the rainfall gradient 
in plots covering 8 m2.  located at the base of the dunes. 
Plots 1, 3 and 5 were equipped with rain and runoff 
recorders.  

  

•  Moisture regime down to a depth of 80 cm (every 10 
cm). 

 

• Crust properties (mechanical and biological) 

 

• Botanical aspects 





Geomorphological- Gradient 

Semi stabilized dune system 

Stabilized dune system 

View of the southern part of the sandy 

area. Relative elevation:13-18 m 

View of the Northern part of the sandy 

area. Relative elevation: 5-12m 



Increase in surface 

stability with increasing 

average annual rainfall 
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Very High Density of Mosses 



On the basis of data presented: 

1. Increase in annual rainfall 

2. Higher surface stability 

3. Higher silt and clay content  

4. Higher organic matter content  

5. Better developed biological topsoil crusts 

 

 One would have expected a better developed ecosystem 

in the wetter than in the drier area 





Year With higher rainfall in the north 



Rainfall-Runoff Relationships 

Runoff 

Coefficient 

(%) 

Annual 

Runoff 

(mm) 

Annual 

Rainfall 

(mm) 

Plot 

Number 

Rainfall 

Year 

24.9 14.4 57.7 N1  

2001-2 

 

9.8 7.5 76.2 N3 

3.0 4.4 146.5 N5 

29.0 28.8 99.3 N1  

2002-3 

 

8.9 8.5 95.1 N3 

1.2 1.0 82.7 N5 



 Interpretation 

Hydrological data obtained may be indicative of two 

opposite processes: 

1. Deep water infiltration with increasing annual rainfall 

and positive correlation between annual rainfall and 

ecological variables.   

2. Differences in the composition and properties of the 

biological topsoil crusts, along the rainfall gradient, limit 

the depth of water percolation with increasing annual 

rainfall. 

Data obtained support the second hypothesis 







 Conclusions: 
 

  Data obtained show that rainfall increase along the rainfall gradient considered 
resulted in a differential development of the topsoil crust with increasing annual 
rainfall. 

 

1 The crust in the wetter area is better developed, richer in organic matter content; in 
fine-grained material and mosses, than the southern topsoil crust. This may be 
regarded as a positive environmental effect of rainfall increase. 

 

2. However, the better developed crust is able to absorb, and retain all rainwater at 
most rainstorms, limiting the depth of water infiltration and water availability for 
higher plants.  

 

3. At the same time, the thin crust in the  dry area, absorbs less water and generates 
surface runoff. The overall result is deeper water penetration and higher water 
availability for the perennial vegetation at the dune base.  

 

4. The lower survival of the perennial shrubs in the wetter area may be regarded as a 
degradation process related to the increase in water absorption by the topsoil crust 
with increasing rainfall. 

 
     
. 
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View of the loess area: very 

poor vegetation cover 



Vegetation cover -Rocky Area 







Hovav Plateau 

Sede Boqer 





Ancient Agriculture-View of cultivated fields 



Ancient agriculture- runoff water conduits  

and cultivated fields 



0 20 40 60

40

20

0

Time, min

Rocky slope

Colluvial slope (dry surface)

Colluvial slope (wet surface)

Rain intensity 26 mm/hr

Infiltration characteristics of
bedrock & soil covered areas

Significance: Much higher frequency of runoff over rocky than over soil 

covered areas and water concentration at flow discontinuities 



aaa

B. From 0-5 mm

Rain Amount  (mm)

0-1

1-2

2-3

3-4

4-5

No of Storms

76

38

28

23

18

A. From 0-55 mm

Rain Amount  (mm)

0-5

5-10

10-15

15-20

20-30

30-40

40-55

No of Storms

183

38

21

10

5

5

3

Sede Boqer Experimental Site-Frequency
Distribution of Storm Rain amounts

1982 - 1998

Total: 275 events 





Environmental effects of loess penetration: 

1. Loess deposition over rocky surfaces, during a wet climatic phase, increased 

rain-water absorption by the fine-grained loessic material. 

 

2. Due to the limited rain amounts at most rainstorms; depth of water infiltration is 

limited and most infiltrated waters are lost by evaporation, leading with time 

to soil salinization. This process is further enhanced by the increase in salt 

input by rain-water and dust during a transition to a wetter climatic phase.  

  

3. The overall result is  a desertification effect following a transition to a wet period 

accompanied by loess deposition.  

 

4. However, when sand penetrates into the area (during a dry climatic phase); 

water absorption by the quartz grains is limited; leading to deeper rain water 

penetration, better water preservation, and more extensive vegetal cover. 

   

 

 



General conclusion 

With decreasing annual rainfall the quality of the environment is 

more associated with water concentration, highly dependent on 

local surface properties, than on the average annual rainfall.  

As geomorphologists we should pay more attention to the 

important effects of surface properties on geo-ecology of dry-land 

areas.  


