
Coronavirus (COVID-19): Analysis

Coronavirus (COVID-19): modelling the epidemic in 
Scotland (Issue No. 31) 
Background 
This is a report on the Scottish Government modelling of the 
spread and level of Covid-19. This updates the previous 
publication on modelling of Covid-19 in Scotland published on 
10 December 2020. The estimates in this document help the 
Scottish Government, the health service and the wider public 
sector plan and put in place what is needed to keep us safe 
and treat people who have the virus. 

This edition of the research findings also looks back over the 
period of the epidemic from February 2020 to the present time. 

Key Points 
 The reproduction rate R in Scotland is currently estimated as being 
between 0.9 and 1.1. 

 The number of new daily infections for Scotland is estimated as being 
between 49 and 144, per 100,000 people. 

 The growth rate for Scotland is estimated as being between - 2% and 
2%. 

 Modelling shows the peak week in the first wave for the spread of 
Covid-19 was 16 - 22 March with an estimated number of 145,000 
people becoming infected. This was followed by a first wave peak in 
hospital occupancy (1,520) that occurred on 19 April, 
and ICU occupancy (208) on 12 April. 
 Modelling shows the peak week in the second wave for the spread of 
Covid-19 was 4 - 10 October with an estimated number of 40,900 people 
becoming infected. This was followed by a second wave peak in hospital 



occupancy (1,264) that occurred on 3 November and ICU occupancy 
(111) on 8 November1.
Modelled rates per 100K indicate that by the week of 27 December – 
2 January, 19 (up 7 from last week) local authorities have at least a 
75% probability of exceeding 50 cases, 8 (up 6) of those have at least 
a 75% probability of exceeding 100 cases, and none of those has at 
least a 75% probability of exceeding 300 (or 500) cases. Overall, this 
is a deterioration compared to last week. 

Overview of Scottish Government Modelling 

Epidemiology is the study of how diseases spread within populations. 
One way we do this is using our best understanding of the way the 
infection is passed on and how it affects people who catch it to create 
mathematical simulations. Because people who catch Covid-19 have a 
relatively long period in which they can pass it on to others before they 
begin to have symptoms, and the majority of people infected with the 
virus will experience mild symptoms, this “epidemiological modelling” 
provides insights into the epidemic that cannot easily be measured 
through testing e.g. of those with symptoms, as it estimates the total 
number of new daily infections and infectious people, including those
who are asymptomatic or have mild symptoms. 

Modelling also allows us to make short-term forecasts of what may 
happen with a degree of uncertainty. These can be used in health care 
and other planning. The modelling in this research findings is undertaken 
using different types of data which going forward aims to both model the 
progress of the epidemic in Scotland and provide early indications of 
where any changes are taking place. 

Modelling outputs are provided here on the current epidemic in Scotland 
as a whole, based on a range of methods. Because it takes a little over 
three weeks on average for a person who catches Covid-19 to show 
symptoms, become sick, and either die or recover, there is a time lag in 
what our model can tell us about any re-emergence of the epidemic and 
where in Scotland this might occur. However modelling of Covid deaths
is an important measure of where Scotland lies in its epidemic as a 
whole. In addition, the modelling groups which feed into the SAGE 
consensus use a range of other data along with deaths in their estimates 
of R and the growth rate. These outputs are provided in this research 

1 https://www.gov.scot/publications/coronavirus-covid-19-trends-in-daily-data/ 

https://www.gov.scot/publications/coronavirus-covid-19-trends-in-daily-data/


findings. The type of data used in each model to estimate R is 
highlighted in Figure 3. 

A short term forecast and projection of the number of cases, ICU and 
hospital bed demand is also provided at this stage of the epidemic in 
Scotland. 

The year so far 

The virus has appeared in two waves: the first stretched from February 
up to the beginning of July, and the second began at the end of summer. 
At this point in time, we estimate that the second wave has not reached 
the incidence levels demonstrated in the first wave, but the upcoming 
festive period and new year means that we may not yet have seen the 
full peak of this wave. 

Current medium term modelling, accounting for a recent uptick in cases 
and predicted festive period and new year pressures, suggests a new 
peak is possible, somewhat above the October peak. However, there is 
a wide range of uncertainty, e.g. in terms of people’s behaviour, so this 
might not occur. 

Time series of the R number 

SAGE produces a weekly estimated consensus of the range of the R 
number for Scotland which modelling from the Scottish Government 
contributes towards. This began in late May and the series can be seen 
in Figure 1. In the thirty-one weekly consensus, there have been 16 
weeks where the R number was less than or equal to one indicating a 
reduction in transmission of infection. This occurred for the consensus 
provided on 22 May to 5 August and 18 November to 9 December. 
There were seven weeks when the consensus estimated range spanned 
one, between 13 August and 2 September, 4 - 11 November and 16 
December. During the eight weekly estimates for the period 9 
September and 28 October, R was greater than one, resulting in 
exponential growth in infections. 



 

  
 

Figure 1. Weekly consensus estimates of the R number 
 

 
 
Overview of Wave 1 
 
Current modelling, based on deaths, suggests that the first infections in 
Scotland took place around 16 February, and by the time that the first 
confirmed case was positively identified on 28 February, between 1,300 
and 2,100 people had already been infected in Scotland. 
 
The estimated peak week for the spread of the infection in wave 1 is 16-
22 March with an estimated number of between 120,000 and 175,000 
people becoming infected. The lowest estimated point in the epidemic 
was between 20 and 26 July where between 220 and 360 were infected. 
 
Since the first modelled infections in February until 26 July the epidemic 
had lasted some 23 weeks, during which an estimated total of between 
480,000 and 700,000 people had been infected with Covid in Scotland – 
between 8.8% and 12.8% of the population. This modelling derived 



 

  
 

estimate forms part of the picture on the number of people who had 
Covid in Scotland during wave 1. 
 
These estimates vary from those reported in issue 10 in this series2 as a 
result of additional data, and changes to the model such as additional 
covariates as a result of interventions, and improvements in treatment 
reducing mortality. These alterations modify the historical assessment of 
the epidemic. 
 
Overview of Wave 2 
 
Following the summer period where the level of infections was at its 
lowest level since late-February, we have seen infection levels rise into a 
second wave. 
 
The estimated peak week so far for the spread of the infection in wave 2 
is currently 4 to 10 October with between 34,000 and 50,500 people 
becoming infected. The peak in hospital occupancy (1,264) occurred on 
3 November and ICU occupancy (111) on 8 November. 
 
The forecast deaths from the model closely followed the trends seen in 
real data (Figure 2), however the model has until very recently been 
forecasting less deaths than the actual number recorded by National 
Records of Scotland. 

                                                 
2 https://www.gov.scot/publications/coronavirus-covid-19-modelling-epidemic-scotland-issue-no-10/ 

https://www.gov.scot/publications/coronavirus-covid-19-modelling-epidemic-scotland-issue-no-10/


 

  
 

Figure 2. Results from the model over four weeks, showing estimated 
deaths (blue) forecast deaths (pink) closely followed by what was seen 
in the actual data (dots). 
 

 
 
However, currently levels of infection show no clear signs of abating. 
Although estimated infections per week are lower than they were at the 
peak, some 40% of the total infections having occurred in the twenty 
weeks since the infection low-point with a small upturn in recent weeks, 
which could indicate that the last two months have experience more of a 
plateau than the downturn following the crest. 
 
We currently estimate around 4 million people in Scotland have not yet 
been infected with Coronavirus – the majority of the population. This is 
why measures such as local protection levels, as set out within Scottish 
Government Advice and Guidance are so critical to maintain, particularly 
as we approach the festive period and the new year, when there is likely 
to be increased household mixing, people are likely to be inside more, 
and light levels and temperature are lower. It is also why continuing to 
model the epidemic, and continually improving how we do this, is a 
crucial part of how we monitor our progress and what might happen 
next. 
 
What the modelling tells us about the epidemic this week 
 
The various groups which report to the Scientific Pandemic Influenza 
Group on Modelling (SPI-M) use different sources of data in their models 
(i.e. deaths, hospital admissions, cases) so their estimates of R are also 
based on these different methods. SAGE’s consensus view across these 

https://www.gov.scot/publications/coronavirus-covid-19-protection-levels/


 

  
 

methods, as of 16 December, was that the value of Rt in Scotland was 
between 0.9 and 1.1. This is the first time the R range has straddled 1 
since 11 November. The R value estimated by the Scottish Government 
is very slightly higher than the consensus range (Figure 3). 
 
Figure 3. Estimates of Rt for Scotland, as of 16 December, including 
90% confidence intervals, produced by SAGE. The blue bars are death-
based models and purple use multiple sources of data. The estimate 
produced by the Scottish Government (a semi-mechanistic model) is the 
3rd from left (yellow), while the SAGE consensus range is the right-most 
(red). 
 

 
Source: Scientif ic Advisory Group for Emergencies (SAGE). 
 
The various groups which report to the Scientific Pandemic Influenza 
Group on Modelling (SPI-M) use different sources of data in their models 
to produce estimates of incidence (Figure 4). SPI-M’s consensus view 
across these methods, as of 16 December, was that the incidence of 
new daily infections in Scotland was between 49 and 144 new infections 
per 100,000. This equates to between 2,700 and 7,900 people becoming 
infected each day in Scotland. 
 



 

  
 

Figure 4. Estimates of incidence for Scotland, as of 16 December, 
including 90% confidence intervals, produced by SPI-M. The blue bars 
are death-based models and the purple bars represent models which 
use multiple sources of data. The estimate produced by the Scottish 
Government (a semi-mechanistic model) is the 3rd from left (yellow), 
while the SAGE consensus range is the right-most (red). 
 

 
Source: Scientif ic Pandemic Influenza Group on Modelling (SPI-M).  
 
The consensus from SAGE for this week is that the growth rate in 
Scotland is between -2 and 2% per day. Last week the growth rate was 
in the range -5% and -2%. 
 
 

The logistical model developed by Scottish Government to assess 
implications for health care demand (see previous Research Findings) 
has been adapted to produce a short/medium-term prediction of 
infections. 
 
Figure 5 shows a projection that assumes the Rt value is above 1, and 
will rise further as areas move out of Level 4 restrictions. 
 



 

  
 

Figure 5. Short term forecast of modelled total new infections, adjusting 
positive tests to account for asymptomatic and undetected infections, 
from Scottish Government modelling, positive test data up to 12 
December. 
 

 
 
What the modelling tells us about Hospital bed and ICU bed 
demand 
 
Figure 6 shows the impact of the projection on the number of people in 
hospital. 
 
Figure 6. Short term forecast of modelled hospital bed demand, from 
Scottish Government modelling. 
 
 

 
 
Figure 7 shows the impact of the projection on ICU bed demand. 
 



 

  
 

Figure 7. Short term forecast of modelled ICU bed demand, from 
Scottish Government modelling. 
 

 
 
What the modelling tells us about projections of hospitalisations in
the medium term 

 

 
SAGE produce projections of the epidemic3 (Figure 8), combining 
estimates from several independent models (including the Scottish 
Government Government’s logistics modelling, as shown in figures 5, 6 
and 7). These projections are not forecasts or predictions. They 
represent a scenario in which the trajectory of the epidemic 
continues to follow current trends and do not account for the 
impact of future policy or behaviour changes. Nor do they include 
seasonal effects that might increase transmission. 
 
The delay between infection, developing symptoms, hospitalisation and 
death means the projections cannot fully reflect changes in transmission 
that might have occurred over the past two to three weeks. 
 
Beyond two weeks, the projections become more uncertain with greater 
variability between individual models. This reflects the large differences 
that can result from fitting models to different data streams, and the 
influence of small deviations in estimated growth rates and current 
incidence. 

                                                 
3 A two week projection is provided here. 
 



 

  
 

Figure 8. SAGE medium-term projection of daily hospitalisations in 
Scotland, including 50% and 90% credible intervals. 
 

  
 
What the modelling tells us about what could happen during the 
festive period and in the New Year 
 
There is a degree of certainty up until the start of the festive bubble and 
beyond this point, uncertainty increases (see Figure 9). The New Year 
will likely see a return to contact patterns from before the festive period, 
with schools reopening and university students returning. There is a 
significant risk that the festive period mixing will lead to seeding of the 
virus in parts of the population that were previously less affected, like 
individual workplaces, or areas of the country. 
 
Figure 9. Medium term forecast of modelled total new infections, 
adjusting positive tests to account for asymptomatic and undetected 
infections, from Scottish Government modelling. 
 

 



 

  
 

It is likely this would lead to a short-term uptick in transmission (Figure 
9). The longer term consequences depend on the strength of the non-
pharmaceutical interventions in place in these newly seeded areas. This 
is accounted for through a large range in assumed transmission values. 
Figure 10 shows the impact of this projection curve on numbers of 
hospital inpatients. The festive period is likely to see an increase due to 
the increased contacts for older people and people from at-risk groups. 
 
Figure 10. Medium term forecast of modelled hospital bed demand, from 
Scottish Government modelling. 
 

 
 
What we know about which regions are experiencing high levels of 
Covid 
 
We use modelling based on Covid cases and deaths4, conducted by 
Imperial College London, to give us an indication of whether a local 
authority is experiencing high levels of Covid. An area is defined as a 
hotspot if the two week prediction of cases (positive tests) per 100K 
population are predicted to exceed a threshold, e.g. 500 cases. See 
technical annex in issue 24. 
 
Modelled rates per 100K (Figure 11) indicate that by the week of 27 
December 20 – 2 January 21, 19 (up 7 in the last week) local authorities 
have at least a 75% probability of exceeding 50 cases, 8 (up 6) of those 
have at least a 75% probability of exceeding 100 cases, and none of 
those have at least a 75% probability of exceeding 300 (or 500) cases. 
 

                                                 
4 https://www.medrxiv.org/content/10.1101/2020.11.24.20236661v1 

https://www.medrxiv.org/content/10.1101/2020.11.24.20236661v1


 

  
 

Figure 11. Probability of local authority areas having more than 50, 100, 
300 or 500 cases per 100K (27 December 20 - 2 January 21). Data 
updated on 15 December5. 
   

 

 

 
 
  

                                                 
5 10.5281/zenodo.4246047 
 

https://doi.org/10.5281/zenodo.4246047


 

  
 

What next? 
 
The Scottish Government continues to work with a number of academic 
modelling groups to develop other estimates of the epidemic in Scotland. 
 
The modelled estimates of the numbers of new cases and infectious 
people will continue to be provided as measures of the epidemic as a 
whole, along with measures of the current point in the epidemic such as 
exceedance. Rt and growth rate will also be provided for the next 
publication, this will be on Wednesday 23 December. Further information 
can be found at https://www.gov.scot/coronavirus-covid-19. 
 
We continue to track the analysis by SEPA of the reported levels of 
Covid-19 in wastewater samples. We will report on this when there are 
new findings. 
  

https://www.gov.scot/coronavirus-covid-19


 

  
 

Technical Annex - New Year medium term modelling approach 
 
The modelling is done using an SEIR model based on confirmed cases, 
from 1 July to the end of March 2021. There is a degree of certainty up 
until the start of the festive bubble and beyond this point, uncertainty 
increases (see Figure 9). 
 
Historical modelling, based on a single population of potentially 
infectious people, has been updated to provide a richer picture of the 
likely impacts of the festive period, by splitting the population into three 
age bands: 0-17, 18-64, 65+. These breakdowns allow us to examine 
the interplay between contacts across different ages, thereby assessing 
how the infection is likely to spread across the population. 
 
Contact between people has been modelled using data from the Scottish 
Contact Survey (SCS). This is a behavioural survey, asking questions to 
panels of people who have been recruited to be broadly representative 
of the Scottish population. SCS does not include participants under the 
age of 18, which therefore means contacts for this age group (0-17) 
have been taken from the CoMix behavioural study, which is a sample 
representative of the UK. 
 
The modelling simulates changes in contact patterns over the Festive 
period and afterwards. However, it does not simulate the likely mixing 
that will take place over these timescales, resulting from households 
travelling and then returning to their normal environments. This will 
circulate the infection more and needs to be accounted for. The most 
similar effect we can find in the history of Covid-19 is from the beginning 
of Summer, when land and air travel to Scotland was re-opened. We use 
the increases in infections seen at that time to assess potential changes 
to the R value in the New Year, which are then applied to the whole 
population (not accounting for differences in age). 

https://cmmid.github.io/topics/covid19/reports/LSHTM-CMMID-20200401-CoMix-social-contacts.pdf


 

  
 

 
Table 1. Probability of local authority areas having more than 50, 100, 
300 or 500 cases per 100K (27 December 20 – 2 January 21). Data 
updated on 15 December. 
 
LA P (Cases > 

500) 
P (Cases > 
300) 

P (Cases > 
100) 

P (Cases > 
50) 

Aberdeen City 34% 56% 91% 98% 
Aberdeenshire 1% 3% 43% 79% 
Angus 0% 0% 14% 51% 
Argyll and Bute 0% 0% 23% 62% 
City of Edinburgh 4% 21% 89% 99% 
Clackmannanshire 3% 22% 93% 100% 
Dumfries and Galloway 0% 0% 0% 1% 
Dundee City 1% 5% 64% 95% 
East Ayrshire 2% 10% 81% 98% 
East Dunbartonshire 0% 0% 13% 55% 
East Lothian 11% 28% 85% 98% 
East Renfrewshire 0% 1% 46% 87% 
Falkirk 1% 2% 38% 84% 
Fife 3% 18% 92% 100% 
Glasgow City 0% 1% 56% 97% 
Highland 0% 0% 1% 4% 
Inverclyde 0% 1% 9% 35% 
Midlothian 6% 20% 84% 98% 
Moray 0% 1% 3% 10% 
Na h-Eileanan Siar 0% 0% 1% 5% 
North Ayrshire 7% 25% 92% 100% 
North Lanarkshire 0% 0% 36% 86% 
Orkney Islands 0% 0% 1% 3% 
Perth and Kinross 2% 8% 45% 75% 
Renfrewshire 0% 0% 19% 69% 
Scottish Borders 2% 7% 47% 79% 
Shetland Islands 0% 0% 1% 3% 
South Ayrshire 0% 1% 37% 85% 
South Lanarkshire 0% 1% 26% 76% 
Stirling 0% 0% 7% 29% 
West Dunbartonshire 0% 0% 9% 41% 
West Lothian 0% 0% 21% 90% 

 
Tables 2 and 3 provide the underlying data used in the section above on 
“What the modelling tells us about Hospital bed and ICU bed demand”. 
They are based on modelling undertaken by Scottish Government (for 
more information see research findings issue 1). 
 



 

  
 

The purpose of these predictions is to support a decision on what 
measures are needed in different parts of Scotland. As part of the 
medium term modelling, these predictions are not intended as short term 
forecasts (less than two weeks, for which management information is 
more appropriate), but the initial weeks are provided for completeness. 
 
As the middle, lower and upper ends of the range are presented for each 
health board, the aggregate cannot be used as a prediction of the 
number of beds required in Scotland as a whole. 
 
Table 2. Estimated demand for ICU beds 
 
Area Cap. 

(double)6 
21/12/20 28/12/20 04/01/21 11/01/21 18/01/21 25/01/21 

Ayrshire and 
Arran 

20 10 (0-11) 10 (0-
10) 

10 (5-
11) 

10 (5-
10) 

10 (5-
11) 

12 (5-
13) 

Borders 10 * (0-4) * (0-4) * (0-4) * (0-4) * (0-4) * (0-4) 
Dumfries and 
Galloway 

8 * (0-4) * (0-4) * (0-4) * (0-4) * (0-4) * (0-4) 

Fife 20 7 (0-11) 6 (0-11) 7 (0-12) 8 (0-13) 8 (0-14) 10 (0-
16) 

Forth Valley 14 11 (0-16) 11 (0-
16) 

11 (0-
17) 

10 (0-
16) 

11 (0-
17) 

13 (0-
20) 

Grampian 32 12 (5-13) 12 (6-
12) 

14 (6-
16) 

15 (6-
18) 

16 (6-
20) 

19 (6-
23) 

Greater 
Glasgow and 
Clyde 

76 22 (9-25) 21 (9-
25) 

21 (10-
22) 

18 (10-
18) 

20 (10-
20) 

23 (10-
23) 

Highland 16 * (0-4) * (0-4) * (0-4) * (0-4) * (0-4) * (0-4) 
Lanarkshire 40 21 (7-27) 21 (7-

27) 
20 (6-

28) 
19 (5-

27) 
20 (5-

30) 
23 (5-

35) 
Lothian 55 20 (9-22) 20 (9-

21) 
22 (10-

25) 
23 (10-

28) 
25 (10-

30) 
29 (10-

35) 
Orkney 0 * (0-4) * (0-4) * (0-4) * (0-4) * (0-4) * (0-4) 
Shetland 0 * (0-4) * (0-4) * (0-4) * (0-4) * (0-4) * (0-4) 
Tayside 22 7 (0-8) 7 (0-8) 7 (0-8) 7 (0-7) 7 (0-7) 9 (0-9) 
Western Isles 4 * (0-4) * (0-4) * (0-4) * (0-4) * (0-4) * (0-4) 

* indicates that the middle of the range is less than 5. Values in this table give an interval, actual occupancy could 
be higher or lower. 
 

                                                 
6 Total adult ICU beds 



 

  
 

Table 3. Estimated demand for hospital beds 
 
Area Cap. 21/12/20 28/12/20 04/01/21 11/01/21 18/01/21 25/01/21 
Ayrshire and 
Arran 

203 122 (53-
133) 

121 (54-
132) 

127 (59-
140) 

117 (56-
132) 

129 (55-
145) 

155 (58-
174) 

Borders 118 21 (8-25) 21 (8-25) 23 (10-
26) 

23 (11-
25) 

25 (11-
27) 

30 (11-
33) 

Dumfries and 
Galloway 

90 * (0-5) * (0-5) * (0-4) * (0-4) * (0-4) * (0-4) 

Fife 322 82 (24-114) 81 (24-
113) 

92 (27-
132) 

91 (27-
132) 

100 (26-
145) 

120 (28-
175) 

Forth Valley 144 56 (26-57) 55 (27-
57) 

58 (30-
58) 

53 (28-
54) 

58 (27-
59) 

69 (29-
71) 

Grampian 295 93 (26-131) 93 (27-
130) 

113 (30-
168) 

123 (30-
191) 

135 (29-
209) 

163 (31-
252) 

Greater 
Glasgow and 
Clyde 

1,070 316 (126-
368) 

314 
(129-
366) 

311 
(122-
387) 

276 
(102-
365) 

302 (99-
400) 

365 
(104-
483) 

Highland 176 11 (0-17) 11 (0-17) 11 (0-17) 10 (0-15) 11 (0-16) 13 (0-20) 
Lanarkshire 455 173 (71-

198) 
172 (73-

197) 
169 (68-

208) 
147 (54-

196) 
162 (52-

215) 
195 (55-

259) 
Lothian 487 207 (89-

226) 
206 (92-

225) 
234 

(102-
271) 

238 
(101-
289) 

260 (99-
317) 

314 
(104-
382) 

Orkney 28 * (0-4) * (0-4) * (0-4) * (0-4) * (0-4) * (0-4) 
Shetland 64 * (0-4) * (0-4) * (0-4) * (0-4) * (0-4) * (0-4) 
Tayside 172 85 (38-90) 84 (39-

89) 
87 (42-

94) 
80 (38-

89) 
87 (37-

98) 
105 (39-

118) 
Western Isles 32 * (0-4) * (0-4) * (0-4) * (0-4) * (0-4) * (0-4) 

* indicates that the middle of the range is less than 5. Values in this table give an interval, actual occupancy could 
be higher or lower. 
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