
Chapter 26
Standing Biomass and its Modelling

M. Veste, C. Sommer, S.-W. Breckle, and T. Littmann

26.1 Introduction

The sand dunes of the north-western Negev are characterized by a small-scale veg-
etation pattern (cf. Chap. 8, this volume). Aim of this investigation is to distinguish 
the standing biomass in the major ecotopes resulting from long-term ecological 
processes controlling ecotope pattern. Furthermore, we will present a simple 
numerical approach for modelling the actual standing biomass distribution in the 
sand dune mosaic.

26.2 Standing Biomass

26.2.1 Methods

The standing biomass was investigated at the Nizzana test site (site N1) in spring 
1994 by means of non-destructive measurements (Sommer 1996). For eight species, 
the relation between dry biomass and size index was calculated using either a 
regression model 1 (y = a + bx) or model 2 (y = a + b

1
x + b

2
x2), where y is the dry bio-

mass, x the size index, and b the species, all specific constants (Fig. 26.1). The 
regression equation for each shrub species is listed in Table 26.1. The biomass of 
perennials was estimated on five 5 × 5 m plots in different geo-ecological units 
using the non-destructive method, or it was completely harvested.

26.2.2 Biomass

The standing biomass of the perennial vegetation is shown in Table 26.2. The highest 
biomass density and vegetation cover can be found in a small belt along the dune 
bases (Fig. 26.2). In general, the biomass values in the different ecotopes correspond 
well with the mean values of the vegetation cover of the perennials. The playa area 
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Fig. 26.1 Correlation between size index and dry biomass using a linear regression model (Noaea 
mucronata) or an exponential regression model (Anabasis articulata) (data from Sommer 1996)

Table 26.1 Regression functions for the calculation of aboveground biomass 
(data used from Sommer 1996)

Plant species Function R2

Anabasis articulata y = 4.5 10−8x2 + 0.005867x + 41.581040 0.999
Artemisia monosperma y = 8.71 10−2x−24.776 0.996
Cornulaca monacantha y = 7.482 10−3x−391.565075 0.855
Noaea mucronata y = 3.384 10−3x−41.825269 0.984
Convolvulus lanata y = 3.171 10−3x−1.011180 0.962
Moltkiopsis ciliata y = 2.996 10−3x−20.464226 0.896
Retama raetam y = 6.902 10−2x−108.340199 0.784
Thymelaea hirsuta y = 8.977 10−2x−5.228655 0.982

Table 26.2 Dry biomass (kg 100 m−2) of dominating perennials at the Nizzana test site in spring 
1994

 Crest,  Crest,  N  Dune  
Shrub mobile sand semi-mobile slope base Interdune

Anabasis articulata - - 0.71 1.93 6.88
Artemisia monosperma - - 0.44 1.10 -
Convolvulus lanatus - 0.59 2.23 0.68 0.55
Cornulaca monacantha 6.41 2.06 0.10 2.78 2.67
Heliotropium digynum 0.92 0.14 0.10 0.61 0.03
Moltkiopsis ciliata - 8.43 2.25 0.59 1.00
Noaea mucronata - 0.67 8.44 17.75 3.16
Retama raetam - - 3.23 3.60 0.31
Stipagrostis scoparia 4.88 7.84 2.48 3.00 1.19
Thymelaea hirsuta - - - 3.08 0.25
Others - 0.09 1.89 2.67 2.46
Total biomass 12.21 19.82 21.87 37.79 18.50
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is dominated by the Chenopodiaceae Anabasis articulata. On the playa, total biomass 
is the lowest of the entire Nizzana test site, reaching 1.1 kg 100 m−2 (Anabasis 99%); 
at the playa edges, the corresponding value is 25.4 kg 100 m−2 (Anabasis 71.5%). 
The old dunes are dominated by Cornulaca monacantha and the biomass is here 
31.1 kg 100m−2 (Cornulaca 67.2%).

26.3 Modelling Biomass Pattern

26.3.1 The Meso-Scale Model

A stochastic model for biomass distribution over the entire sand dune field (meso-
scale) was developed to simulate the biomass in the entire dune field (Littmann and 
Veste 2005). The VEGDUNE model is based on input data (mean values over the 
1998–2000 observational period) for the following abiotic parameters: distance 
from the sea, relief energy, percentage of mobile sand per unit, infiltration rate and 
infiltration depth, radiation balance, rainfall, dewfall, evapotranspiration, frequency 
of stable layers, and dewpoint temperature difference. The distance to the sea was 
computed trigonometrically for each grid point. The relief energy is a measure of 
the complexity of the terrain, and is expressed as the cross product of the elevations 
of the four edges of a grid cell. The width of the geometric grid was 100 m for the 
meso-scale simulation. These parameters were used in a stepwise multiple regres-
sion analysis, and those parameters showing a correlation of at least 95% with the 
actual biomass index at the four stations were selected for the formulation of the 
following regression equation:

 Biomass index= – 0.4* distance from sea – 2.2* relief energy – 8.9*
   10– 4 * rainfall + 23.44 (26.1)
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Fig. 26.2 Mean biomass and vegetation cover in various ecotopes in the linear dunes of the 
Nizzana research site (site N1)
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With Eq. (26.1), it was possible to compute and interpolate a biomass index value 
for each grid point on the meso-scale (Fig. 26.3). The meso-scale model revealed 
patches of high standing biomass in small depressions between steep sand dune 
slopes in many parts of the southern dune field, irrespective of rainfall totals. It is 
evident from the equation that the geo-ecological gradient from north to south is 
still a dominant feature in the overall spatial distribution, as biomass is negatively 
linked to the distance from the sea and relief energy; both indicate higher overall 
biomass in the northern, flatter part of the sand dune field. However, biomass is also 
negatively linked to rainfall. Confirmatory assessments of biomass at 16 locations 
selected randomly across the entire transect revealed a very good correlation with 
the values modelled for the corresponding sites (Fig. 26.4).
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Fig. 26.3 Modelled vegetation pattern on the meso-scale in the southern sand dunes of Nizzana 
using the VEGDUNE model. Scale of biomass index, relative units
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26.3.2 The Micro-Scale Model

The meso-scale model equation was applied to the micro-scale data for the Nizzana 
test site (N1). The width of the geometric grids was here 10 m. The output of the 
micro-scale model shows a very realistic simulation of the spatial pattern of stand-
ing biomass in the sand dunes at Nizzana (Fig. 26.5). Even the differences between 
the upper and lower slopes towards the dune base could be modelled satisfactorily. 

Fig. 26.4 Evaluation of the modelled biomass cover of perennials

Fig. 26.5 Modelled biomass pattern in the Nizzana linear dunes, using the VEGDUNE model. 
Scale of biomass index, relative units
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Correlations between the modelled vegetation pattern and measurements of the 
vegetation cover using aerial photographs confirmed the three-dimensional biomass 
model for Nizzana (Littmann and Veste 2005). However, the biomass on the south-
facing slopes was overestimated. At the Nizzana site, the steep dune slopes are not 
covered by biological soil crusts, and the mobile sand prevents the establishment of 
more vegetation.

26.4 Discussion

Sandy dunes are favourable habitats for desert plants due to higher water availability 
than for other desert types. The standing biomass in Nizzana, at an average annual 
rainfall of 90 mm year−1, is higher than in the rocky Central Negev desert with similar 
rainfall amounts. The biomass in the stable sand dunes ranges between 1,850 and 
3,750 kg ha−1, whereas on the rocky slopes of Sede Boqer (mean annual rainfall 
97 mm year−1) values of 759–1,464 kg ha−1 were recorded, and of 460–940 kg ha−1 in 
Avdat (88 mm year−1; Evenari et al. 1976; Esser 1989). These differences show that 
surface hydrology properties (e.g. field capacity, infiltration rates, runoff) effectively 
control vegetation development, a fact which is aggravated in arid environments; 
sand dunes show much better water budgets than do rocky or loessial areas (Yair 
and Berkowicz 1989; Yair 1994; Chaps. 17 and 18, this volume). On the playas, the 
low water availability and hard soil structures limit plant growth. Only A. articulata 
is able to grow here (Veste and Breckle 2000). However, the individuals are smaller 
than in the adjacent sandy areas.

The vegetation pattern along the geo-ecological gradient is the result of a complex 
interrelation of contrasting process gradients on the meso- and micro-scale level. 
The complexity of the terrain (e.g. narrow and crossed sand dune ridges with steep 
slopes and small interdunes) with high relief energy favours micro-scale habitats, 
irrespective of annual rainfall amounts. Sand mobility is one major factor controlling 
the vegetation pattern in a sand dune ecosystem. Surface properties of, e.g. crusts 
and fine material cover primarily control water redistribution on the micro-scale 
level (Chap. 17, this volume) and, thus, vegetation pattern.

26.5 Conclusions

Numerous large-scale comparisons have shown positive relationships between 
standing biomass and rainfall (Walter 1939; Shmida 1985; Kutiel and Lavee 1999). 
Vegetation cover and biomass show the same decrease from humid to arid climates 
as does mean annual rainfall, supposedly the main controlling factor along climatic 
gradients. However, in our study on the meso-scale level, standing biomass is nega-
tively correlated with annual rainfall. This is a most interesting result which points 
to patches of higher standing biomass in favourable habitats throughout the sand 
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dune field – especially in the higher sand dunes of the southern, drier part. This 
finding emphasizes the importance of surface properties controlling water availability 
along the climatic gradient and, eventually, the standing biomass and vegetation 
cover in the sand dunes (Chap. 18, this volume). With increasing rainfall towards 
the north, soil crust thickness increases and limits deep water infiltration (Littmann 
et al. 2000; Chap. 29, this volume). Reduced soil water availability counteracts the 
positive effects of rainfall and limits the biomass production of higher plants (Veste 
and Littmann, unpublished data).
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