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Overview
Nebkha dunes range from 10cm to 2-3m high, and are formed when sand is trapped within vegetation. They occur in dryland areas where wind is discontinuous (e.g. sand transport pathways and dry river valleys) and can be singular or in fields. 

Tenberg and Chen (1997) provide a conceptual model of nebkha growth and development, although there are complicating factors such as sediment supply, vegetation type (Balanites grows faster than Acacia) and wind regime. These three factors appear frequently in the literature. Langford (2000) also deals with dune morphology, giving detailed information of sand size and nebkha structure, and he also states;
‘There has been no study of organisation and structure of nebkha fields’ p25. 

This points to a niche in the literature, with most research carried out being linked to land degradation and human impact. This raises several key questions, for example; how does the organisation of nebkha fields affect their growth? How do the dunes interact with each other? At what distance can another dune form in a dune field? This last question has been suggested as a function of the height of the dune, although further investigation into how vegetation affects this is needed.  
The effect of vegetation on wind flow has been quite thoroughly documented (e.g. Wiggs et al 1994, Wolfe and Nickling 1993) mainly focusing on vegetation (surface) roughness effects on aerodynamic roughness. General terms have been sought to describe these effects e.g. vegetated surfaces generally have higher shear velocities. However, vegetation is dynamic therefore roughness effects are variable, which will in turn influence sand movement and wind velocity. How different types of vegetation affect wind flow (especially around and under the vegetation canopy) has not been studied thoroughly in the literature. These interrelationships therefore require further study before a general term can be accepted. 
Because some study of nebkha has already been carried out in the park, this study is especially relevant as a new focus (on structure and field interactions) will increase the understanding of nebkha field variability within the park and hence aid the management of it.

Results will be used purely for a non-published dissertation, which will count as a 1/6th of my degree. Results are, of course, available to the park.

Aims and Objectives

· Outline nebkha dune morphology for different sized dunes in order to highlight variability, because different sized dunes will react differently to vegetation wind and sand dynamics;
· How do these dunes interact/interrelate/depend on each other? In terms of wind dynamics and sediment supply (which affects dune growth and degradation);
· What effect does vegetation have on wind flow? How does it vary with size and type?
· How does moisture content vary with vegetation/size and wind flow over the dune? This is an important factor affecting grain entrainment and therefore affecting the growth and degradation of the dune, which has not yet been defined quantitatively (Sherman 1990 cited by Wiggs 1997). 
· To relate wind flow dynamics to vegetation.
· What is the structure (organisation) of a nebkha dune field? At what distance will a new dune form (do they support each other)?
Field Site

The proposed field site is the Mojave river sink (e.g. Afton Canyon), east of the lower Mojave Valley (near the Desert Research Center). At this site nebkhas are not degrading, although there are no groundwater data for this site. The nebkha in this area are mainly mesquite with a dominant wind direction of west northwest. As I have not seen the area I am unsure as to which area will be the most suitable for my research, as I have been unable to find topographic maps including nebkha of this region. 
Julie Laity’s work (2003) on nebkha in the Mojave area focuses on change, 

‘Changes in the lower Mojave Valley reflect complex interactions between the wind regime, river channel morphology and sediments, surface and subsurface hydrology, geology, vegetation and human influence’. Wind data are available from the United States Geological Survey weather stations, which will help to determine past wind directions which may have affected the alignment of the dunes. I also hope to acquire some aerial photos of the area (to show organisation), and take photos while I’m there. 
Methodology

I will measure the height, breadth and length of all nebkha dunes within a nebkha field, stopping measuring when there is no other nebkha dune within 100m (depending upon the size of the field). I will look at the morphology of these dunes, identifying what kind of vegetation is growing in them and which way they are aligned, while also mapping the nebkha field. To find wind flow across each dune an anemometer will be placed in front of the dune, on the stoss and crest of the dune, and down the lee side of the dune to measure velocity variability over the dune. Also anemometers will be placed around the dune, where I expect velocity to increase because of streamline compression, which may erode the sides of the dune giving a sediment source for the dunes behind. A reference point away for the dunes will be used as an indicator of constant wind flow. I hope to collaborate these data with data from the weather station (or from Daggett airport depending on where the dunes are). This will tell me the wind dynamics across the dune field from which I could infer how wind changed as the nebkha dune grew, by using data from these sources I could also infer annual change. Using mechanical anemometers rather than digital ones will be beneficial as most wind flow under vegetation takes the form of gusts, and I will also time average velocities. From observations (photos and aerial photos) of nebkha field organisation a pattern may emerge, e.g. are larger dunes at the front with smaller dunes behind? Do these larger dunes shelter smaller ones further in so they don’t degrade or is it a case of too little sediment supply for them to grow? I will measure the distances between nebkha dunes to show structure and to get an idea of how far it takes for new dunes to form and relate this to the wind data. Sediment traps will be placed along a transect line through the nebkha field (which will be in the middle of the field where the most dunes are). This will measure sediment transport, inferring growth, degradation and dynamics of the dunes.
A transect will be cut through the middle of several dunes (around 20 chosen through differing size and vegetation type, although this is negotiable), or if it is very large a pit will be dug, sediment samples from each dune will be taken to determine moisture content, using an oven or a dessicator at the Desert Center. From this I can determine how much moisture there is available to the vegetation and relate this to the vegetation type, dune growth or degradation. Sediment samples will also be taken from an area away from the dunes to see the difference in moisture between the dune and ground surface. I will also look at rooting depth (is it through the dune or into the ground? Horizontal or lateral?). I may also look at humus content to infer how long the dune has been vegetated and link this to moisture and vegetation. Because of the water table lowering in the Mojave area and studies showing nebkha degradation I expect to find low moisture levels, however this may not be true for dunes near the river. Any samples of sediment taken will not be stored or kept, and it is necessary to take new samples from dunes because any existing samples will have desiccated significantly. There may also be human impacts on the dunes to document. 
From these data I will attempt to answer my aims and objectives above, inferring wind and vegetation dynamics and providing a conceptual model of interrelations within a nebkha dune field. 

 Schedule:  11th- 19th August (research), project completion date in Easter. Self funded.

Access would be by 4x4, around twice a day, no camping access is required. No chemicals will be used and the only disturbance caused would be pits to acquire sediment samples and look at rooting patterns, which would be filled back to as close to their original state as possible. No NPS assistance is required.  

Only 3 anemometers and 5 sediment traps will be used to minimise disturbance, and as few samples as possible will be taken, because of the short time available.
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