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ABSTRACT 
 

The demand for increased bandwidth for such services as satellite tv-on-demand has lead to pressure to increase 

spectrum efficiency and open higher frequencies to commercial exploitation. Fade mitigation techniques such as 

adaptive transmit power control (ATPC) have been proposed as ways of achieving this. Optimisation of radio systems 

using these techniques relies heavily on accurate knowledge of the spatio-temporal variation of rain fields. This 

knowledge is best derived from measured data, but often measurements at the required resolutions are not available. 

Hence we turn to accurately synthesised rain fields to determine the feasibility and efficient operation of these systems. 
 

1. Introduction 
 

The radio spectrum is a finite resource, and one that is coming under increased pressure as the range of applications 

requiring large bandwidths, such as third generation mobile phones, become more prevalent. This has lead to 

commercial and regulatory pressure to improve spectral efficiency and open up higher frequencies (10 GHz and above) 

to commercial exploitation. Previously, radio systems operated at frequencies that were not adversely affected by rain, 

clouds or atmospheric gases, or were able to deal with this attenuation by allocating a fixed fade margin. However, as 

the operational frequency of radio systems increases, using a fixed fade margin increases in cost, until it is no longer 

economical, spectrally efficient or practical to implement in a working system. 
 

For this reason, new techniques to compensate for rain attenuation, called fade mitigation techniques (FMTs) have been 

developed. One sub-set of these techniques, known as diversity techniques, relies on the spatio-temporal inhomogeneity 

of rain fields for their effective operation. For example, satellite systems using site diversity have two (or more) ground 

stations receiving the same satellite signal, which are separated in space sufficiently so that the rain attenuation at the 

sites is de-correlated. In a properly configured arrangement the sites encounter intense rainfall at different times, and 

switching to the site experiencing the least fading improves system performance considerably. To correctly configure 

this and other FMTs requires a detailed knowledge of spatial and temporal rain field variation. 
 

The fractal nature of rain has been extensively studied in past years by meteorologists and hydrologists, however the 

insights gained from these methods have been slow to integrate into the rain models used in radio communication 

systems planning. Fractal methods can be used to analyse and synthesise the spatial and temporal variation of rain 

fields, producing visually and statistically realistic synthetic rain fields, which may be customised for different climactic 

regions. These fields can then be converted to simulated attenuation time series and applied to communications 

engineering scenarios where measured data is not available. 
 

This paper describes how a fractal model for creating synthetic rain fields can be applied to a number of radio systems 

engineering scenarios, and used as a tool to investigated the spectrum efficiency benefits to be achieved through the use 

of fade mitigation techniques. 
 

2. The Fractal Nature of Rain Fields 
 

A number of studies, targeted for communications engineers, have developed rain cell models from radar 

measurements, but are statistical in nature and do not enable the construction of typical two dimensional rain-rate fields 

[1]. Other models have disadvantages in that they only deal with the spatial variation of the rain-rate within a rain cell 

[2], or do not take into account the full range of rain rates that are significant for frequencies above 10 GHz [3]. These 

models assume regular shapes to the rain cells, such as ellipses, or Gaussian functions of position centred on the area of 

maximum rain rate. Other studies[4,5,6,7,8], suggest that fractal methods may be of use in characterising the shapes of 

rain cells.  
 

In general, the fractal dimension D characterises any self-similar system; if the linear dimension of a fractal observable 

is changed by a scale factor f, then, for any value of f the values of the fractal observable will be changed by the factor 



Df
. For surfaces, the value of the surface dimension, SD

, lies in the range 
32 ≤≤ SD

. A smooth surface has SD
=2. 

Similarly, for a contour line, the dimension of the line LD
 satisfies 

21 ≤≤ LD
, and LD

=1 for smooth lines. The 

more twisted and “wriggly” the contour line is, the higher the value of LD . If pathological cases are disregarded (Voss, 

1985) a planar section of a fractal surface has  

  
1−= SL DD

 (1) 

The fractal nature of rain has been studied for many years, and its characterisation as a fractal and multifractal field is 

well documented [9,10]. The exact fractal form of the rain field is still under debate, due to differing methods of 

calculating the fractal dimension and/or characteristic multifractal function. The majority of the published works use 

multifractal methods to deal with the intermittency and anisotropy of the rain field [9,10,11], but are also predominantly 

concerned with topics of importance to meteorology and hydrology, such as extreme events. 
 

 Rain field modelling for use in radio communication system design has a different emphasis that that used in climate 

modelling or weather forecasting. In general, radio engineers are more concerned with rain events up to and including 

those experienced for 0.0001% of an average year. Rarer events than these fall during the planned system outage time, 

and so, as far as radio engineers are concerned, can be disregarded. The following requirements for a rain model for use 

by radio system engineers are the ideal [12]. 
 

 A physically-based rain model should:  

• have a time resolution of 1 s 

• have a spatial resolution of about 100 m 

• be able to take inputs from a weather model 

• be suitable for use in spectrum management and simulation software 

• be capable of generating databases which replicate average annual statistics  
 

The rain field models developed by meteorologists and hydrologists presented in the literature tend to have spatial 

resolutions on the order of kilometres, and time resolution of the order of hours/days. Hence there is a need to develop a 

fine-scale rain field model capable of the resolutions required by radio engineers. 
 

The procedure used here to simulate rain fields produces simulated fields which are mono-fractal fields. This is justified 

by multifractal analysis of meteorological radar data recorded in the south of England [8], which shows that log rain 

rate fields may be accurately characterised as monofractal fields. The transformation of the variables from rain rate to 

log rain rate allows us to linearise the problem, showing that rain rate fields can be characterised as “meta-Gaussian”. 

This is in agreement with other work published recently [13]. 
 

2. Example of fade mitigation techniques requiring fine-scale rain field data 
 

Figure 1 shows an example of a fixed terrestrial radio link network which is capable of using route diversity as a FMT. 

Route diversity involves routing a radio signal through different links which bypass the rain-affected link to get to the 

same receive point. The best situation for this scenario is when the rain is de-correlated (localised rain) as neighbouring 

links in the network will be unaffected and can be used to route the data around the affected link.  
 

Figure 2 shows a pair of neighbouring, unconnected fixed links and the unwanted, interfering link that occurs between 

them as a result of antenna sidelobes. These links use Adaptive Transmit Power Control (ATPC) as a FMT. ATPC 

involves dynamically increasing the transmit power on a dB by dB basis to compensate for rain fading. This also 

increases the transmit power on the sidelobes and unwanted paths, increasing interference into neighbouring links. In 

terms of the spatio-temporal variability of the rain fields, the best case for this situation is when the rain field is 

correlated (widespread rain) as interfering path will then be as attenuated as much as the wanted path, so increasing the 

power will produce no real change in the interference experienced by neighbouring links. 
 

These two FMTs demonstrate how important it is to have accurate fine-scale information about the spatio-temporal 

variability of rain fields. Ideally, this data would be obtained through measurements, for example, through the use of 

meteorological rain radar. Unfortunately, at this time, measured databases at sufficiently fine resolutions that span 

several years are not available, hence the need for simulated data. 

 



  
Figure 1: Schematic example of route diversity  

 

 
Figure 2: Schematic example of wanted and interfering 

paths when fixed links use ATPC 

3. The Fractal Rain Field Simulator 
 

The simulator presented here is based on the Voss successive random additions algorithm [13] for generating fractional 

Brownian motion in two dimensions. This is an additive discrete cascade method, which produces log, monofractal 

fields. The cascade process itself is iterative, and the branching number of the cascade determines whether or not the 

resulting field can be considered to be stratiform-like or convective-like. In order to tie the simulated fields, which are 

equivalent to log rain rate, to rain rate values appropriate for the climate being simulated, the simulated fields are scaled 

according to a rain rate parameter, R0.01 which is the rain rate exceeded for 0.01% of an average year. This parameter 

can be easily obtained from rain gauge measurements, or can also be determined from the ITU Recommendation P837 

[15]. Each run of the simulator produces a single realisation of a stratiform-like or a convective-like rain field. These 

realisations are independent of each other, hence there is no temporal component to the model (though work is 

ongoing). However, given enough synthetic fields it is possible to create simulated statistics for an average year. A full 

description of the simulator and algorithm can be found in [8].  
 

4. The Impact of ATPC in the 38GHz Fixed Terrestrial Link Band 
 

In the UK, the 38 GHz band is used for fixed terrestrial links, generally used to connect mobile phone base stations to 

each other and the wider network. In this band, there are approximately 14,000 links, unevenly distributed across the 

country, concentrated around major metropolitan areas.  Ofcom commissioned a study to investigate the impact and 

potential spectrum efficiency gains that would result from rolling out ATPC in the 38GHz band for a range of 

ATPC/non-ATPC mixtures. 
 

The spectrum efficiency benefits of ATPC can be achieved as follows: Given a reliable power control system, it is 

possible to reduce the fixed fade margin during clear sky conditions (i.e. no fading), thereby improving the rate of 

frequency reuse and link packing density in the geographical area of the link. This is because lower fade margins use 

less transmit power, which lessens the interference on adjacent links. It is relatively straight-forward (if time 

consuming) to re-plan the band given the reduced fade margin resulting from using ATPC. It is how the system operates 

when in the presence of rain that determines whether or not any spectrum efficiency gains can be made. As described 

above, a key factor is whether the use of ATPC will increase adverse interference on neighbouring links – a situation 

which is more likely during convective storms (heavy, very localised rain events). 
 

The frequency assignments in the 38GHz band were replanned given different ATPC penetration values, and those 

plans were then tested using a set of measured rain fields recorded using the Chilbolton Advance Meteorological Radar 

(CAMRa) in the south of England, as well as a set of simulated rain fields, scaled to reproduce annual rain rate statistics 

as modelled by ITU Rec. P837-4 [15].  Details of this scaling procedure can be found in [17]. A full description of the 

planning and analysis done in this project can be found in [17]. 
 

5. Conclusions 
 

This paper has described the application of a fractal rain field simulator to a radio engineering case study, that of the 

impact of implementing ATPC in the 38GHz band. Work on this and other Ofcom funded projects have identified that a 

(measured or simulated) 2-D rain field database is important when investigating new techniques for improving the 

spectral efficiency of fixed links services. In these projects work has been done to develop a method of simulating rain 

fields over geographic areas with a spatial resolution of 100m*100m and a time resolution of 1 minute.  Comparison 

with rain rate measurements suggest that creating enough simulated fields will accurately reproduce annual statistics. 

However, the memory and processing requirements for a full annual database is impractical at this time.  It is possible 
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to create a small subset of simulated rain fields which replicate the tail of the annual statistics curve, and such a subset 

was used in the ATPC project. The main conclusions from the ATPC project are: 
 

1. The implementation of ATPC in the 38 GHz band gives significant improvements in spectrum efficiency as 

measured by the increase in the number of links assigned to channel 1 (from ~50% to ~70%) and the decrease in 

the maximum bandwidth used (from ~300 MHz to ~180 MHz). The introduction of ATPC does give rise to a 

number of additional outages in the presence of intense rain (~10% increase in frontal rain). These additional 

outages can be mitigated to some extent by band-wide changes to the planning process; however, the outages 

cannot be wholly eliminated by the methods examined here. 

2. When exposed to annualised simulated rain events, the results show that a plan constructed with the objective of 

achieving a 0.01% unavailability has a measured unavailability of 0.008%. This is close enough to demonstrate the 

general method. However, it is probable that further improvements to the simulated rain (or additional data sets) 

might improve the ability of that rain to provoke the expected unavailability. 
 

Future work is planned to expand the rain field simulator to include temporal variation (evolution and advection of the 

rain fields), to test its applicability to other geographic and climactic regions and to apply it to other communications 

engineering and radio systems scenarios. 
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