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Abstract
This paper proposes a method for modeling and render-

ing realistic desert scenes. A desert terrain includes sand
dunes and wind ripples. We use two types of scale models
to form them. We render the dunes with the wind-ripples by
bump-mapping using LODs (Levels of Detail).
Keywords: Natural phenomena, Dunes, Wind-ripples,
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1 Introduction
In computer graphics, natural phenomena such as clouds,

smoke, and trees have been studied by many researchers.
But the modeling and rendering desert scenes has not been
studied. In this paper, we discuss a modeling method of
desert scenes by simulating the motion of sand grains. Then
the rendering method of simulation results is proposed.

A desert terrain includes sand dunes and ripple patterns
called wind-ripples formed on a sand surface. The forma-
tion dynamics of wind-ripples and dunes have been inves-
tigated for a long time, and many of them are reviewed by
Pye [1]. Nishimori et al. proposed a simple model for for-
mation dynamics of two scales of sand features [2], but their
purpose is not the rendering of desert scenes. So we propose
a rendering method of the desert modeled by their method.

In rendering process, we should render dunes with wind-
ripples. Because dunes and wind-ripples are formed sep-
arately in the modeling process, we must consider how to
combine the two models. To reduce the calculation time
and to render the scene realistically, we represent the wind-
ripples by bump-mapping onto the dunes.

2 Modeling of Wind-Ripples and Dunes

In this chapter, Wind-ripple (small-scale) model is first
described, then Dune (large-scale) model is explained.

(1) Wind-ripple model
The model consists of two elementary processes: salta-

tion and creep. The saltation means the jump of sand grains
caused by a wind. Sand grains may move just along the
sand surface without jumping up. This movement is called

creep. The model is represented as a height field. We first
show the saltation dynamics expressed as

Hn′(x, y) = Hn(x, y) − q,

Hn′(x + L(Hn(x, y)), y) = Hn(x + L(Hn(x, y)), y) + q,

where H(x, y) is the height of the sand surface at each cell
(x, y); q is the transferred height of grains; The time step
is labeled n, and n′ is the intermediate time step between n
and n + 1. Wind direction is the positive x. L(H(x, y)) is
the flight length at one saltation, approximated as L = L0+
bHn(x, y). Here L0 is the control parameter proportional to
wind force, and b is a constant.

To calculate the creep movement, grains at a cell are dis-
tributed around it using the diffuse equation. This means
that the local height of a sand hill is relaxed by gravity.

The above two processes constitute one time step. We
initialize the height field using random numbers, then we
repeat the calculation for each time step until wind-ripples
are formed.
(2) Dune model

There are two differences between the Dune model and
the Wind-ripple model.

First, the saltation length L is assumed to be

L = L(∇ · Hn(x, y)) = L0 − b tanh(∇ · Hn(x, y)),

where L0 and b are control parameters. The meaning of the
equation is that, when it comes to large-scale model, a grain
which jump at the windward side of a hill soon clashes into
the hill. Second, the quantity of the grains being ejected out
is much larger at the windward side of the hill. Therefore,
the transferred height of grains is described as

q = q(∇ · Hn(x, y)) = q0 + b′ tanh(∇ · Hn(x, y)),

where q0 and b′ are constants.

3 Rendering of Dunes with Wind-Ripples
In this chapter, we describe our rendering method of

dunes with wind-ripples.
The outline of the rendering process is as follows.



1. Calculate wind-ripple’s normal vectors.

2. For each quadrilateral F of the height field mesh of the
dune:

(a) Perform the backface culling and the view frus-
tum culling.

(b) Calculate LOD by the distance from the view-
point to F .

(c) Calculate the wind-ripples texture. The texture
resolution is determined by LOD, and the texture
is mapped onto F .

To represent the wind-ripple patterns on the dune sur-
face, we generate the textures using the bump mapping
by using the normal vectors which are calculated from the
wind-ripples height field. This method allows us to render a
realistic image without increasing the number of polygons.

The above method needs a large computation time be-
cause each quadrilateral has a different texture. To solve
this problem, we use LODs technique. The basic idea of
LODs is to use simpler versions of an object as it gets far-
ther from the viewer. For the quadrilaterals far from the
viewpoint, the texture is insignificant because the quadrilat-
eral takes only a few pixels on the screen. Therefore, we
use textures of different resolutions according to the LODs.

Figure 1. Bump-mapping
using LOD

Our method is as fol-
lows. First, we cal-
culate the normal vec-
tors of wind-ripples. Us-
ing these vectors, we
prepare the normal vec-
tors for different reso-
lutions. For example,
when the original size
of wind-ripple’s height
field is 256×256, we
precalculate the normals
of 256×256, 128×128,

64×64 and 32×32 resolutions.
Finally, we calculate the textures for each quadrilateral

of the dune using the resolution determined by the quadri-
lateral’s LOD. The LOD is calculated by the distance from
the viewpoint to the quadrilateral. For example, as shown in
Fig.1, a large texture is mapped onto a quadrilateral near the
viewpoint, and vice versa. This method resembles mipmap-
ping [3], but each texture is different. Therefore we can-
not use mipmapping. We can save the texture calculation
time by using the LODs, and we can render almost the same
scene as the one without using LODs.

4 Results and Conclusion
The resulting images of the dunes with wind-ripples are

shown in Fig. 2. The simulation and rendering are calcu-

lated using a Pentium III 750 MHz with a NVIDIA GeForce
256 video card. The size of the dune’s height field mesh is
64×64, and the wind-ripple’s size is 256×256. The size of
textures for each quadrilateral of the dune is 64x64, using
the repeated wind-ripples, and the image size is 720×480.
The rendering time of Fig. 2(a) is 1.9 sec. A rendering
result of dunes with shadows is shown in Fig. 2(b). The
shadows are calculated by the hardware-accelerated shadow
map method combined with the improved raytracing using
height field features, and the rendering time is 3.5 sec.

The advantage points of the proposed method are as fol-
lows: (1) We use height field to represent the dunes and
wind-ripples, and simulate their formation.(2) We render
the dunes with wind-ripples using the bump mapping tech-
nique to efficiently obtain realistic images. (3) We employ
LODs for texture/bump mapping and remove invisible poly-
gons to reduce the calculation times.

(a) with wind-ripples

(b) with shadows (sun altitude is low)

Figure 2. Rendering results of dunes.
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