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SECTION 2: FORECASTING DRUG DIFFUSION 

 

2.1 Introduction 

 

Drug use is both dynamic and social, spreading throughout populations and across regions.  

Pioneering work by Hunt and Chambers (1976) in the United States focused on two processes.  

The first process called microdiffusion refers to the spread of drug use among individuals within 

groups and depends on known drug users’ propensity to ‘transmit’ drug use to new users in a 

similar manner to infectious diseases.  The second process, macrodiffusion refers to the 

transmission of drug use across geographical boundaries.  By analysing incidence data from drug 

treatment programmes, Hunt and Chambers were able to create a map showing the spread of 

heroin epidemics in the United States during the 1970s (Figure 4). 
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Figure 1. Isochrony of peak heroin use in the United States, 1968-1973. 
(Adapted from Hunt and Chambers, 1976). 

 

Heroin use appears to have begun on the North East coast along the chain of cities from Boston 

to Washington, and in Southern California.  Large inland and Gulf Coast cities were also early 
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centres of epidemic use.  From the continental margins, heroin moved to the interior, spreading 

sequentially from cities in regions of high population density to those of lower density. 

 

2.2 Predicting drug use - the Drug Incidence & Prevalence Estimation Program (DIPEP) 

 

The Drug Incidence & Prevalence Estimation Program (DIPEP) forecasts incidence and 

prevalence, based on the assumption that drug misuse spreads in a similar manner to infectious 

diseases. Epidemics occur where there is a rapid increase in the number of new cases relative to a 

stable endemic baseline, which is caused by changing circumstances which in turn lead to the 

number of 'susceptible' people being exposed to the infectious agent (or in the cases of drug 

misuse, individual and social contacts). A key assumption of this model is that only a certain 

proportion of the population is susceptible and that the epidemic will have a life cycle because 

eventually the pool of potential drug users will be exhausted.  In this situation, the distribution of 

the time of disease occurrence often follows the pattern shown in figure 5. Graphically this 

means that drug epidemics will be negatively skewed. 

 

 

Figure 2. Schematic model of a drug epidemic. 
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In DIPEP the epidemic is represented by a simple distribution e.g. (1,2,4,8,10,8,1,1 etc) and the 

parameters shown in table 1 [The program is described in detail in a forthcoming paper by Ditton 

and Frischer].  The program is linked to a database which contains information on population 

distribution for the UK and socio-economic status for Greater Glasgow. 

 

The parameter values were chosen from previous research and are intended to be illustrative.  

Parameter 1 was derived from an unpublished paper documenting the explosive increase in 

psychiatric referrals for drug abuse in Glasgow starting in 1979.  Parameter 2 is an empirical 

observation by Hunt and Chambers from their observations of US heroin epidemics.  Parameter 3 

is derived from a capture-recapture study of injecting drug use in Glasgow. Parameter 4 is the 

quickest spread speed that the model in its current form permits and was thought to most 

accurately reflect the epidemic spread. Parameter 5 is another empirical observation from Hunt 

and Chambers. The results of applying these parameters to the known population distribution 

(parameter 6), at least from 1989-1998 correspond fairly closely to what is known about the 

diffusion of drug use in the West of Scotland. 

 

Table 1. Parameters in the Drug Incidence & Prevalence Estimation Program. 

MODEL PARAMETER PARAMETER VALUES (EXAMPLE) 

1. Year epidemic trends were first observed. 1978 

2. Length of epidemic cycle. 20 

3. Estimated peak prevalence (can be variable over 

town size: highest in large towns). 

1-2% 

4. Speed of spread across types of area. 1 year between town sizes 

5. Duration of addicts’ drug using career. 10 years 

6. Population of the various areas (graded 1 to 15 in 

terms of town size). 

total population: 2,405,543 
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2.3 Method 

 

The digital spatial data was obtained for the West of Scotland from the previously discussed 

sources.  The attribute data available in these datasets are more detailed than is required and were 

therefore simplified and classified according to the level of detail to be displayed; for example, 

bathymetric details were unnecessary and reclassified simply as water areas. 

 

The drug estimation software was run for the West of Scotland; this produced both prevalence 

and incidence rates for the named towns and cities within the West of Scotland.  This output was 

then extracted and imported into a database before being linked to the digital data.  This link was 

made using the population centre’s name.  Finally, GIS functions were then applied to interpolate 

a continuous surface and calculate contours; this is discussed in the following section. 

 

2.4 Principles of using Geographic Information Systems 

 

2.4.1 Geographic Functions 

 

The GIS uses the predicted values at population centres to create a continuous surface variable.  

This process is similar to the creation of height contours on topographical maps, however in this 

example the height (z) value represents drug misuse. 

 

The resulting calculated surface is the best estimate of what the quantity is on the actual surface 

for every location.  The surface interpolations make certain assumptions about how to determine 

the best estimated values.  In general, the more input points with values and the greater their 

distribution, the more reliable the results. 

 

The interpolation technique used for the surface creation was the Inverse Distance Weighted 

(IDW).  The IDW interpolator assumes that each input has a local influence that diminishes with 

distance.  It gives greater weight to the points closer to the known value than those further away.  
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This method assumes that the variable being mapped decreases in influence with distance from 

its sampled location. 

 

Factors which determine the best representation of the data include: 

a) Whether nearest neighbours or a fixed radius will be used to determine isolines.  [The maps 

here used the default value of the nearest 12 neighbours to determine the contours.] 

b) The power of the distance factor.  This controls the significance of the surrounding points. 

[The maps here used  the default value of 2] 

c) The selection of a contour interval, too high a value and fine detail may be omitted, too low a 

value and individual contours will blur and become merged. [The prevalence maps displayed 

below used a value of 100 persons whilst the incidence maps used values of 10 persons]. 

d) The selection of a base contour.  [This was always set as 0 for the calculation but lower 

contours were omitted in order to aid display on the maps.] 

 

2.4.2 Cartographic Principles 

 

This study is attempting to demonstrate changes in the patterns of drug misuse over time and 

space.  The maps shown here treat drug misuse data as having continuous quantitative 

propoerties.  However this is not strictly true because drug use can only occur in populated areas 

of the map. 

 

The maps in this study therefore aim to construct a complete distribution, even though the 

information is fragmentary.  The standard cartographic technique for this is based upon elevation 

contours.  Maps of this style, when used for themes other than topography, are called isarithmic 

or isoline maps.  The isolines are automatically generated by the GIS. 

 

Both spatial and temporal diffusion were calculated for the West Coast of Scotland (this area is 

shown in figure 6).  Spatial diffusion of incidence is shown in figure 7 and prevalence in figure 8. 

These figures illustrate timepoints; 1980, 1985, 1990,1995 and 2000 and enable the viewer to see 

where drug use was incident and prevalent. As explained above, this obviously only makes sense 
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in populated areas.  Just as there are areas where incidence and prevalence is unknown, the GIS 

can also produce isolines of peak incidence based on the known incidence data. Figure 7 shows 

the isoline for peak incidence. Thus in the early 1980s peak incidence was in Glasgow, moving to 

suburban areas in the late 1980s. By 1990, the isoline for peak incidence had moved to outlying 

towns in the West of Scotland. 

 

 

 
 

Figure 3.  Topographical and road networks in the West coast of Scotland. 

 

These maps enable the viewer to understand temporal and spatial trends in drug misuse more 

easily than comparable tabular data (see appendix 2).  Furthermore the maps enable drug 

agencies and other organisations to gain some idea of probable drug incidence and prevalence in 

areas where there is little information. 
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2.5 Interpretation of Scottish Drug Incidence and Prevalence Maps 
 
Figure 7 shows that the initial drug epidemic in 1980 was highly concentrated in the city of 

Glasgow. By 1985, new cases were still occurring in Glasgow and there were also new cases in 

surrounding towns and also in towns further from Glasgow.  By 1990, there were few new cases 

in the region outwith Glasgow, indicating that the peak of the epidemic has passed.  However 

this does not mean that the epidemic per se is declining (figure 8).  As the average drug using 

career is 10 years, incidence cases between 1980-85 continued to result in increasing prevalence 

to 1995. Thereafter, the declining incidence from 1985 resulted in relatively low prevalence 

between 1995 and 2000. 

 

This diffusion over time is illustrated in figure 9.  Peak incidence occurred in Glasgow between 

1984 and 1987.  By 1988 peak incidence was occurring in towns of medium population, 

principally on the periphery of the city and in coastal areas.  The next phase of peak incidence 

between 1990 and 1991 occurred in smaller settlements throughout the study area. This time 

period corresponds to the interval up to peak cumulative incidence, i.e. where the overall number 

of new cases is greatest (see figure 7). 

 

The scenario portrayed in these maps is dependent on the model parameters and the extent to 

which drug misuse is epidemic in nature. Although available information on known drug use is 

largely restricted to Glasgow, the pictures presented do seem to be concordant with what is 

known of drug misuse at the macro level (e.g. for the region as a whole).  However, there are few 

time series data at the micro-level (i.e. at the level of detail shown in the map), to evaluate the 

mapped values. 
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Figure 4. Predicted drug misuse incidence in the West of Scotland, 1980-2000. New cases of 

drug misuse were centred around Glasgow in 1980. Incidence increases in surrounding 

areas by 1985. The epidemic cycle of the model can be seen as new cases reached their 

lowest level in 1995, before increasing again in 2000. 
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Figure 5. Predicted drug misuse prevalence in the West of Scotland, 1980-2000. Drug 

misuse was initially centred around Glasgow in 1980. Prevalence increased between 1980 

and 1985 in Glasgow before spreading to surrounding areas in 1990. 
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Figure 6. Estimated peak incidence of drug misuse in the West of Scotland. Peak incidence 
was originally centred in Glasgow but spread to suburban areas by 1988. The isolines 
indicate that at this time drug misuse also began to increase in the more distant towns of 
the region. 

 

Peak incidence at the 
beginning of the epidemic 
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