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Executive Summary
Bridge Economics was commissioned to Peer Review ‘The Economic
Contribution of Open Cage Salmon Aquaculture to Scotland: A Review of the
Available Economic Evidence’, prepared in January 2020 by Geoff Riddington,
Alan Radford and Hervey Gibson and referred to here as the R&R Paper. The
Peer Review considered the main elements and conclusions of the document
and in doing so also reviewed the findings from two other assessments
prepared by Imani Developments/Steve Westwood (2017) and Marsh (2019) 1.
The Peer Review was commissioned by SIFT and Salmon & Trout
Conservation Scotland, both of whom have concerns about the exaggeration
of claimed economic benefits deriving from the salmon aquaculture sector.
They are concerned because the size of benefits attributable to the sector has
the potential to skew the debate on how inshore waters should be managed,
potentially influencing decision making in a way which is detrimental to the
environment and/or the economy.
Exploratory work undertaken to assess economic impacts deriving from
projects, businesses or sectors may be described as an Economic Impact
Assessment, Cost Benefit Analysis, Cost Effectiveness Appraisal or anything
else. The description given to the work is less important than the methodology
which the work uses to assess impact. However any assessment which
reports only the gross rather than the net impacts of an activity is necessarily
partial because it does not consider the negative effects of the activity, but
only the positive ones. The R&R Paper reprints various claims purporting to
show the size or impact of the Scottish salmon aquaculture sector, including
the papers by Imani Developments (2017) and Richard Marsh (2019). It states
that the impacts claimed are partial, incomplete, unreliable, and are being
used inappropriately, and that the Scottish Government cannot use the
available evidence to assess whether the Scottish salmon aquaculture sector
should be expanded.
Assessments which focus only on income and employment effects, and/or on
gross, rather than net effects, are still sometimes commissioned for specific
audiences and/or to fulfil particular objectives. However we endorse the R&R
Paper’s view that such evidence is partial, incomplete and inappropriate for
use in assisting public sector decision making. If the Scottish Government
does propose to support expansion of the Scottish aquaculture sector then a
proper assessment needs to be made. Any such assessment should be
consistent with Green Book2 guidance on the appraisal of policies,
programmes and projects, and address the impact such an expansion would
have on other parts of the economy, so that a clear and dispassionate
assessment of the net impact can be seen.

1

Imani Developments and Steve Westbrook, http://imanidevelopment.com/wpcontent/uploads/2017/08/Value-of-Scottish-Aquaculture-2017-Report.pdf
Richard Marsh/Four Consulting (2019), Key Figures for Scottish Salmon,
https://d178ivhysawugh.cloudfront.net/1556530716/salmon-impact.pdf
2https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachm
ent_data/file/685903/The_Green_Book.pdf
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In respect of the charges of ‘unreliability’ of claims levelled by the R&R Paper,
these can also be supported. Based on the sizes of the estimates made in the
Imani report, the lack of cognisance of negative externalities and the
counterfactual, and the opaque data and methodology employed, we do not
have confidence in the Imani estimates. Incorrect application of the multiplier
also exaggerates the indirect effects given, and results in estimates that would
be neither sufficiently accurate nor suitable to inform public sector decision
making. Regarding the Marsh Paper, there is (necessarily) little
methodological detail in the (4 page) report, and while we find the estimate of
employment and turnover is likely to be reasonably accurate, again, there is
an error in the application of the multiplier (causing indirect and induced
effects to be exaggerated) and in the words of the R&R Paper, ‘a failure to
identify the alternative vision’ (ie the counterfactual – or what would have
happened anyway).
We found that the methodology applied in the R&R Paper to estimate the
indirect and induced effects was the same as that used in the Imani and
Marsh papers. While not unusual, the method employed did not reflect the
preferred approach and therefore produced some inaccuracies. This meant
that errors resulting from the way in which multipliers had been incorrectly
applied in the Imani and Marsh papers were not highlighted. As the R&R
Paper supplied only a direct estimate of output from the salmon aquaculture
sector, without estimates of indirect and induced effects, multiplier/effect
methodology was not relevant for output estimates. However, for income and
GVA, indirect and induced effects were considered and the R&R Paper’s
preferred method was found to potentially overestimate these impacts by
around a third. The same approach was used to estimate indirect and
induced employment impacts, but despite the methodological differences,
overall employment estimates were around the same as from the preferred
approach.
It should be noted that these quantitative oversights, insofar as they affected
the R&R Paper’s critique of Imani and Marsh at all, would have resulted in a
more rather than a less charitable assessment than was actually deserved.
Furthermore, the consideration of indirect and induced impacts did not affect
the qualitative findings of the R&R Paper, which is critical of the reliability of
the published estimates, their completeness and partiality, and of their
subsequent inappropriate use, each of which criticisms the Peer Review firmly
endorses.
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PEER REVIEW OF ECONOMIC CONTRIBUTION OF OPEN CAGED
SALMON AQUACULTURE TO SCOTLAND

INTRODUCTION
This report is a Peer Review of the ‘Economic Contribution of Open Cage
Salmon Aquaculture to Scotland: A Review of the Available Economic
Evidence’, prepared in January 2020 by Geoff Riddington, Alan Radford and
Hervey Gibson. The Peer Review has been carried out for the Sustainable
Inshore Fisheries Trust (SIFT) and Salmon & Trout Conservation Scotland
(S&TCS) by Bridge Economics, which gratefully acknowledges the useful
scoping work and assistance provided during the course of the work. We are
also grateful for the co-operation of the Marine Analytical Unit within Marine
Scotland, and the Input-Output Statistics Branch of the Office of the Chief
Economic Advisor, Scottish Government, both of which provided valuable
advice regarding their published data and methodologies.
The Peer Review considers the main elements of the subject document (which
is referred to hereafter as the R&R Paper) under the following headings:














Background and Objectives. This section addresses the previous
claims made about the economic contribution of the Salmon Farming
sector to the Scottish economy, and briefly considers the comments
made by the authors in respect of the Scottish Government’s apparent
support for the growth of the sector;
The Reliance on Economic Impact Assessment. A focus on the
‘Reliance on Economic Impact Assessment’ part of the R&R Paper and
a brief review of the list of impacts ‘that are currently being completely
ignored’ (see p8 of R&R Paper) to establish whether it is evidence
based;
The Partial Nature of the Economic Impact evidence, which explores
the critical difference between gross and net impacts;
Type I and II Multiplier Fact Check. An introduction to multiplier
effects, a review of the origin and numbers behind Tables 1 and 2
(pages 11 and 12 of R&R Paper), and a consideration of Table 3, in
particular examining the volatility of the data;
Ownership, Foreign Labour and the Induced Effect within the Salmon
Farming Sector (pp12-13 of R&R Paper);
Review of the Imani Development and Steve Westbrook Paper (2017),
consideration of the R&R Paper findings regarding this report on the
economic impact of salmon farming in Scotland, and detailed
consideration of the use and application of multipliers;
Marsh (2019), as above, focused on R&R Paper’s treatment of the
Marsh report;
The Inappropriate Use of Available Evidence, a review and comment
upon Section 4 of the R&R Paper; and
Conclusions.

For easier consultation, references to sections and tables within this document
are in italics; references to sections and tables in other documents are not.
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1.1

BACKGROUND AND OBJECTIVES
In recent years there have been several studies and high profile statements
which have made claims about the economic size of the Scottish Salmon
Aquaculture sector, most of which have been different and many of which
have been unsubstantiated. SIFT and its partners have concerns about the
exaggeration of claimed economic benefits deriving from the salmon
aquaculture sector. This is because the size of benefits attributable to the
sector has the potential to skew the debate on how inshore waters should be
managed. If benchmark estimates of the economic significance of the sector
are inaccurate, this could influence decision making in a way which is
detrimental to the environment and/or the economy.
A brief review of the claims made about the economic contribution of salmon
aquaculture in Scotland is set out on p4-5 of the R&R Paper. An analysis of
these claims is presented in the landscape Table 1.1 overleaf. The Table
shows the original claim alluded to in the R&R Paper, evidence that the claim
was actually made (which was found in all cases), the context in which the
claim was made (including fuller quotes where available), and some notes
regarding sources and whether the figures are likely to be gross or net
estimates.

1.2

THE RELIANCE ON ECONOMIC IMPACT ASSESSMENT
The R&R Paper in its second section ‘The Reliance on Economic Impact
Assessment’ (pp6-8) contains some discussion on the relative merits of Cost
Benefit Analysis (CBA) and Economic Impact Assessment (EIA). The crux of
this is the argument that CBA attempts to ‘take cognisance of the welfare of
everyone affected, irrespective of whether they have been made better off or
worse off’, and that in EIA, the scope is much narrower, ‘with the primary focus
[being] the impact of industry expansion on household income, in the form of
wages, self-employment and profits (the sum of these is known as Gross
Value Added (GVA) and/or employment.’
In reality, the nature of approaches may vary and the exact name of the
‘economic evaluation framework’ used to assess the size of the expansion of
the salmon aquaculture sector is less important than the methodology. The
key element to bear in mind is that with any industry expansion, there are
likely to be both positive and negative effects, each of which may partially
cancel each other out. The extent to which these effects cancel each other
out is shown by the net impact of an activity, as compared to its gross impact.
The latter is the ‘top line’ effect of the activity, which does not take into account
any negative effects, and really only tells half of the story. Negative effects
(known as negative externalities) are created through the operation of the
industrial or commercial activity (in this case, salmon farming) and are
commonly borne by other parties. The R&R Paper identifies several other
parties or types of stakeholder it indicates are worse off as a consequence of
salmon aquaculture, namely:



Commercial fishing interests including creelfishers;
Salmon and sea trout anglers in the West Highlands and Islands and
the Northern Isles of Scotland;
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Some sea anglers and recreational divers;
Participants in sea safaris/wildlife tourism;
Companies and operators of angling, diving, sea safari experiences
and wildlife tourism;
Others who have a vicarious concern for the marine environment.

While there appears to be plenty of general evidence describing the negative
environmental impacts of salmon farming, research and evidence of the
specific impacts of salmon aquaculture on the economic and social activities
of other stakeholders (such as those listed above) is more limited, especially
in a Scottish context. Wiber et al, in a 2012 academic paper3, reported that
across all five fishermen’s focus groups they set up in New Brunswick to
investigate the impacts of salmon farming, fishermen reported significant
environmental degradation around aquaculture sites within 2 years of fish
farming operations starting up. Meanwhile, Martin Krkosek, now at the
University of Toronto, found that fish farms are changing the way wild salmon
get infected with parasites, as a result of which up to 95 per cent of wild
juvenile pink and chum salmon were found to be dying from sea lice infections
in coastal British Columbia.4
Population-level effects of salmon lice in Ireland and Norway have been
quantified in large-scale studies, and Thorstad & Finstad’s 2018 paper5 reports
that these studies indicate sea-lice induced mortality amongst wild fish in farmintensive areas has led to an average 12-29% fewer adult salmon. Salmon
lice from fish farms are identified as one of the two largest threats to wild
salmon in Norway. Any significant changes in salmon populations could
naturally have consequences in terms of reduced stocks and reduced
opportunities for anglers and angling-related businesses, which would not
affect the gross impact of salmon aquaculture but is likely to reduce the
sector’s net impacts.
Thus, while some attempts have been made to assess negative externalities
in quantitative terms In Scotland, a major 2018 study focusing on the
Environmental Impacts of Salmon Farming in Scotland and prepared for the
Scottish Parliament6 noted that ‘Research gaps and gaps in publicly available
data in Scotland make it difficult to assess the efficacy of present management
and regulatory regimes’. These gaps and the scepticism about the efficacy of
existing management ‘have generated some public distrust in the industry and
regulator.’ While the lack of data makes it difficult to quantitatively assess the
impact of salmon aquaculture on wider stakeholders and the environment, it is
3

Wiber et al, 2012, Impact of Aquaculture on Commercial Fisheries, Fishermens
Local Ecological Knowledge, Human Ecology.
4 Krkosek, Lewis et al, 2006, Epizootics of wild fish induced by farm fish, Proceedings
of the National Academy of Sciences of the United States of America.
5 Thorstad, E.B. & Finstad, B, 2018. Impacts of salmon lice emanating from salmon
farms on wild Atlantic salmon and sea trout NINA Report 1449: 1-22.
6 Scottish Parliament, 2018, Review of the Environmental Impacts of Salmon Farming
in Scotland,
http://www.parliament.scot/S5_Environment/General%20Documents/20180125_SAM
S_Review_of_Environmental_Impact_of_Salmon_Farming_-_Report.pdf
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nonetheless clear from this and other evidence that salmon aquaculture is
producing negative impacts on the environment and other stakeholders,
however difficult to measure these may be. The Scottish Parliament report
lists a range of impacts from Scottish salmon aquaculture, some of which
(specifically, those most likely to impact upon the stakeholders listed in the
previous bullet points) are reproduced below. Much of the accompanying text
draws on the report’s own wording.
1.2.1

Selected Environmental Impacts of Salmon Farming
Sea Lice: The report notes that the presence of large numbers of salmon,
living close together in a farm, can provide conditions that promote the
proliferation of lice. This reflects findings from a range of scientific studies
including Wiber 2012, and Thorstad & Finstad 2018, referenced above. There
is concern therefore that lice from farmed salmon could damage wild
populations as smolts migrate seawards, and as fish return to rivers to spawn.
Disease: Salmon can be infected by a range of pathogens and parasites,
causing fatalities to farmed fish. Like lice infections, the Scottish Parliament
report indicates ‘there is some evidence that disease is transmitted between
farmed and wild fish by direct infection, by escapees, or by infection from wild
to farmed fish’. The industry’s ‘roadmap’ to 20307 identifies disease and sea
lice as the highest priority issues facing the sector (after markets and prices).
Organic waste: Salmon farm organic waste accumulating on the seabed can
significantly degrade communities of benthic animals beneath or near farms.
The report for the Scottish Parliament notes that sinking organic matter leads
to a 'footprint' underneath and around aquaculture sites, where the diversity of
seabed (benthic) animals is much reduced.
Interbreeding and potential harm to wild populations: Salmon escaping from
farms could interbreed with wild salmon populations, harming wild fish. An
average of 146,000 cultivated adult salmon are reported to enter the sea from
salmon farms each year in Scotland (ibid), through holes in nets, human errors
and/or predator action. Most evidence about the effects of escapes comes
from Norway, where gene flows into wild populations have been documented.
Predators: The report for the Scottish Parliament states that the deterrence of
piscivorous predators by netting, or acoustic methods, or by shooting of seals,
might harm populations of protected marine mammals and seabirds.
Only a proportion of seals may predate farmed fish. Others may be attracted
by wild fish, or be curious about farm activities. Acoustic Deterrent Devices
(ADDs), which produce a loud underwater noise, are nonetheless widely used
as non-lethal seal deterrents. It is evident that any successful attempt to deter
marine mammals and sea birds will have a direct impact on nature based
tourism, nature guides, tour operators and local tourism services.

7

Scottish aquaculture: a view towards 2030, carried out for the Scottish Aquaculture
Innovation Centre and Highlands and Islands Enterprise,
https://imanidevelopment.com/wp-content/uploads/2017/03/Scottish-aquaculture-aview-towards-2030.pdf
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Synthetic chemicals: The Scottish Parliament report indicates that synthetic
chemicals (including antibiotics) from fish farms might be harming other
organisms and ecosystems. The report highlights a lack of knowledge about
diffuse, far-field effects of these chemicals meaning there is uncertainty about
the level of precaution needed in setting Environmental Quality Standards.
1.2.2

Gross and Net Impacts - Conclusion
The R&R Paper presents a list of stakeholders who are worse off as a result of
the continuing operation of salmon farming. As the above paragraphs
indicate, there is plenty of evidence that the salmon aquaculture sector is
causing negative environmental impacts, both globally and specifically in
Scotland, and while at present no quantitative link exists between the
operation of salmon aquaculture and the economic activities of wider
stakeholders in Scotland, this is more likely to be due to the challenges and
difficulties of measuring and monitoring such impacts rather than because
there are none.
In view of the range of negative environmental impacts set out above, while
we could not formally corroborate the R&R Paper’s list of affected
stakeholders through finding quantified evidence proving commercial fishers,
anglers and the tourism sector are negatively impacted by salmon farming, it
would be very surprising if they are not.
The section of the R&R Paper ‘The Reliance on Economic Impact
Assessment’ also touches on the differences between the gross and net
impacts of an activity, but as this element is also encompassed in their next
section, ‘The Partial Nature of the Economic Impact Evidence’ we report on
those elements below.

1.3

THE PARTIAL NATURE OF THE ECONOMIC IMPACT EVIDENCE
In the R&R Paper the section reviewed above (numbered Section 2 of their
report) and the following section headed ‘The Partial Nature of the Economic
Impact Evidence’ (which is also numbered Section 2) cover similar themes.
These are the stakeholders beyond the industry which are likely to be
economically affected by the salmon aquaculture operation, and the ‘partial’
nature of the evidence that has been presented regarding salmon aquaculture.
We have already addressed stakeholders and the impacts of fish farming on
their activities (see Section 1.2 above). We turn now to a consideration of
what the R&R Paper describes as the ‘partial nature of the economic impact
evidence’.
As noted in the second paragraph of Section 1.2 above, there is a critical
difference between the gross impact of an activity, and its net impact. Most
interventions will have both positive and negative impacts. In assessing the
effects of an intervention it is important to take into account negative impacts
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(subtracting them from the total impact) in order to assess the net impact of
the activity8.
The R&R Paper notes that the evidence cited by ministers, politicians, industry
representatives and the estimates made by Marsh, Imani and other
consultants (these are shown in Table 1.1), ‘relates only to income currently
created by the industry. There is no evidence on the number of jobs that
might be at risk as the industry expands’. This is fairly straightforward to
confirm, as there is no suggestion in any of the documents or statements that
any negative externalities of the sector have been taken into account.
The R&R Paper goes on to state: ‘The role of the SG [Scottish Government]
and planning authorities should be to serve the interests of a broader
constituency and consider all employment and income effects of industry
expansion. It is surprising Ministers have been somewhat uncritically quoting
highly partial evidence produced by the industry. Our conclusion is that the
EIA evidence is partial because it does not consider…threats to income and
employment’.
The principal guide for economic valuation in the UK is the Green Book,
published by HM Treasury and formally known as ‘The Green Book: Appraisal
and Evaluation in Central Government’9. It provides detailed guidance on the
principles, techniques and procedures applicable in relation to appraisal and
evaluation and is intended to ‘help officials develop transparent, objective,
evidence-based appraisal and evaluation of proposals to inform decision
making’ (p.iv, ibid). The Green Book also alludes to Impact Assessments (see
paras 3.19-3.21) to which its principles equally apply. The guidance in the
Green Book has been adopted by the Scottish Government and applies to all
organisations to which the Scottish Public Finance Manual is directly
applicable.
The Green Book, in its own words, ‘requires all impacts – social, economic,
environmental, financial etc. – to be assessed relative to continuing with what
would have taken place in the absence of intervention, referred to in the Green
Book as Business As Usual. The relevant costs and benefits are those for UK
society overall, not just to the public sector or originating institution. They
include costs and benefits to business, households, individuals and the notfor-profit sector. Assessing the costs and benefits across all affected groups
matters as a relatively low-cost public sector option, such as a new regulation,
may have significant costs for businesses or households.’ (paras 2.10 & 2.11).
Note that the relevant impacts also include environmental impacts. The Green
Book contains guidance10 on the valuation of ‘natural capital,’ which includes
stocks of the elements of nature that have value to society, such as forests,
fisheries, rivers and biodiversity. Wild fish stocks – and the impact on them

8

Additionality Guide, Fourth Edition, 2014, p3.
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachm
ent_data/file/378177/additionality_guide_2014_full.pdf
9https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachm
ent_data/file/685903/The_Green_Book.pdf
10 See paragraphs 6.45 - 6.51 and Annex A2 of the Green Book.
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from salmon farming activities – should therefore be included within the scope
of any economic assessment.
This unequivocally supports the R&R Paper’s conclusions with regard to ‘the
partial nature of the economic impact evidence’. The evidence of impact (as
shown in Table 1.1) is partial. As the R&R Paper observes, the industry is
perfectly within its rights to estimate its own size, as determined by turnover,
employment and income created, and it is these figures which are being
widely quoted. But these are gross figures which demonstrably exclude any
negative externalities that industry may be exerting on other economic
operators, such as those within tourism or commercial fishing, other affected
stakeholders and on natural capital and the environment.
The estimates of industry size which have been quoted could be informative
and provide (insofar as they are accurate – we address this issue later) a
‘ceiling’ which tells us something about the maximum economic contribution
that Scottish aquaculture could make to the Scottish economy. But they are
gross, and not net, they do not consider environmental impacts, they do not
consider economic externalities, they appear to be based on turnover, and
they do not provide an appropriate platform for decision making. In short, we
are supportive of the R&R Paper’s conclusion to this section of the report. If
the Scottish Government does propose to support expansion of the Scottish
aquaculture sector then a proper assessment needs to be made which takes
into account the performance of the sector in net terms – ie consideration
needs to be made of the impact such an expansion would have on other parts
of the economy, so that a clear and dispassionate assessment of the net
benefits (or costs) of such an expansion can be made.
1.4

TYPE I AND II MULTIPLIER FACT CHECK
The R&R Paper (uncontroversially, in our view) describes (see p.11) the
principle of economic multipliers and how they work under the heading ‘EIA
Concepts and Their Estimation Using National Input-Output Data’. An
introduction to the multiplier concept is given below before we move on to
reviewing the size and source of the multipliers used, and the first R & R
analysis, shown in their Table 2.
The multiplier effect causes gains in total income to be greater than the
change in spending that caused them in the first instance. This happens
because when money is spent, that money becomes an income to another
person or business in the economy, and a proportion of that money is then respent, creating another round of expenditure (smaller than the last, but still
positive). This is known as a second round effect. A proportion of the second
round expenditure is also re-spent, causing a third round effect, and so on, so
that the same money may be circulated again and again.
In the context of salmon aquaculture, a salmon farm may spend money on
labour, chemicals, fish feed etc which creates an impact on income and
employment. This is known as a direct impact. Spending by suppliers in the
salmon farm’s supply chain then takes place in subsequent rounds further
along the supply chain, which is known as an indirect effect. One can
estimate the indirect effects which are associated with a given set of direct
effects through the use of indirect multipliers. These estimate the impact on
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the supply chain resulting from a producer of a certain product increasing their
output to meet additional demand, and they are concerned uniquely with
supply chains.
There is another type of multiplier which is concerned not with supply chains
but with households. Each round of additional expenditure in the supply chain
creates increased demand for products which in turn pushes up the level of
household income through more overtime and increased employment. A
proportion of this increased household income is spent by households, which
increases the demand amongst companies supplying the households (car,
clothes and household goods manufacturers, restaurants and leisure
providers etc). This additional spending in turn creates new rounds of
expenditure and demand, which service additional demands from households.
This type of expenditure – resulting from increases in household income - is
known as induced expenditure and can be estimated through the use of an
appropriate multiplier for estimating induced effects.
The terms Type I and Type II multipliers are used to describe the direct,
indirect and induced multipliers set out above. A Type I multiplier produces an
estimate of an industry or investment’s indirect effects (ie effects via the
supply chain) and adds this to its existing direct effects. A Type II multiplier
describes a multiplier which incorporates both supply chains and households –
ie one that includes direct, indirect and induced effects.
There may be multipliers which estimate the effect on income of employees
(income multipliers), output or production (output multipliers) or employment
(expressed in terms of full time equivalent jobs), but they all fit under the
heading of Type I or Type II multiplier. A multiplier expresses the ratio of
direct and indirect (and induced, if Type II multipliers are used) changes in
output (or income, or employment) to the direct output (income, employment).
So if original output is 100, and after the action of the Type II multiplier, total
output is 150, the multiplier is 1.5.
Multipliers are extraordinarily complicated to estimate, as they require a
detailed understanding of the supply chains of industries across the whole
economy. They must also be applied with caution (often they are not – more
on this later). They are generally estimated through the use of Input-Output
Tables, which are estimates of industry inputs and outputs, product supply and
demand, and gross value added across the whole economy. Due to their
complexity, these are prepared only by national statistics agencies. The
figures in Table 1 (p11) of the R&R Paper are no exception and present Type I
and II multipliers for Scottish Aquaculture, drawn directly from the Scottish
Input-Output Tables. The link given in the R&R Paper leads (after a couple of
clicks) to the data, or the data can be downloaded11 directly from here:
https://www.gov.scot/publications/supply-use-input-output-tables-multipliersscotland/. A review of the 2016 data (contained on the tab labelled ‘Type II
multipliers’) reveals the numbers presented are all as published and there
have been no errors in the presentation.
The R&R Paper provides an estimate of likely losses to Scotland in the event
of the complete cessation of salmon aquaculture, which is presented in Table
11

Excel file name is All tables, all years 1998 to 2016, accessed 2 March 2020.
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2 (p12 of the document). The multipliers associated with the Input-Output
Tables (and which the R&R Paper presents in its Table 1 and presumably
uses to derive the figures in the right hand columns) are also presented.
Table 1.2

Salmon Aquaculture Multipliers and Estimate of the Sector’s Impact
Direct
Output multiplier
Income multiplier
Employment multiplier
Output
Income
Employment
GVA

792.8
83.3
2,280.0
176.4

Type I

Type II

1.7
2.3
1.9

1.8
2.6
2.2

207.2
3,272.0
285.3

235.2
3511.0
315.6

Indirect

Induced

123.9
992.0
108.9

28.1
239.0
30.3

Source: Scottish Input-Output Tables and R&R Paper, Tables 1 and 2, p11-12

The figures in bold are directly traceable to Scottish National Accounts InputOutput Tables and are for 2016. In fact the direct figures are figures for
Scottish Aquaculture as a whole, rather than salmon aquaculture, as indicated
in the R&R Paper, which appears to be an oversight. At this stage in the R&R
Paper the employment figure of 2.280 is not sourced but later (p.15) it appears
to be attributed to SABS (Scottish Annual Business Statistics). An enquiry of
their Business and Innovation Statistics team produced an estimated
employment figure for aquaculture from the Business Register and
Employment Survey for 2017 of 2,250 jobs. We are satisfied that this is likely
to be the same source as the R&R Paper’s employment figure. Employment
figures are often rounded (and may be withheld at local area level or in small
samples) in order to avoid divulgence of confidential business information.
While it has been possible to trace the figures in bold, without a written
explanation (which is lacking) it has not been possible to understand how the
figures in the right hand columns are derived. Depending on what the figures
are in the ‘direct’ column, one approach might be to multiply them through by
the relevant multiplier (though for this method the direct figures look too large
and anyway the numbers do not work out as expected). Another would be to
divide the direct figures by factors showing how much income or output is
associated with £1m worth of activity.
Neither of these approaches appear to have been used. While it is not
possible to verify the (non-bold) numbers, the relationships between them do
make sense: The Direct and Indirect columns should (and do) sum to the
value in the Type I column and the Type I column plus the Induced column
should (and do) sum to the value in the Type II column. We return to this
issue in Section 1.6.2, but for now, we leave this Table having been unable to
verify it.
The next Table in the R&R Paper (Table 3), ‘Marine Scotland’s Statistics on
Aquaculture’, shows Marine Scotland’s estimates of GVA, turnover,
employment and GVA per worker in the Scottish aquaculture sector.
Presumably, while the R&R Paper was being completed, these figures were
revised by Marine Scotland and R & R show the revised figures in their report
as Table 7 on p16. The original Table showed annual figures up to 2016, with
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monetary estimates all in 2016 prices. The revised Marine Scotland data12
adds the 2017 data points, and now presents all monetary figures in 2017
prices. The change in price base means that though the original figures have
not changed in principle, they have been revised upwards by around 2%.
However while adjustments to the price base are not an issue, at least two of
the final three entries for GVA are. Our observations on this data are shown in
the text box below and are also relevant to the R&R Paper’s treatment of the
Marsh Report, which is considered towards the end of this report.
Text Box 1 – Marine Scotland Statistics for Aquaculture
The relevant figures are on Marine Scotland’s economic statistics page
for aquaculture, referenced on footnote 12.
From an economist’s standpoint, the most notable features within the
presented figures are not the price re-basing but the very significant drop
in GVA experienced between 2014-15 (when GVA is reported to have
fallen by £146m, or 56.4%), and still more remarkable, the even more
substantial hike in GVA between 2016-17 (the figures suggest that GVA
apparently rose by £215m, or a staggering 97.3% over one year).
Meanwhile the respective changes in the industry’s turnover are reported
as a modest -11.6% and +11.2% for the two respective time periods.
Elsewhere, Marine Scotland report in their annual Scottish Fish Farm
Production Survey 2017 that the tonnage of Atlantic salmon harvested
(which accounts for the vast majority of the sector) rose between 20162017 but only by a more moderate 14% from 163,000 to 190,000 tonnes.
Both the 2014-15 drop and the 2016-17 hike are recorded in the R&R
Paper, in Tables 3 and 7 respectively.
In raising these volatility issues with Marine Scotland, it emerged that
they are aware of a number of statistical anomalies and as such data is
presently under investigation; these apparently erroneous data points
may be among those affected. Furthermore parts of the data published
are experimental statistics in development.
Marine Scotland also indicated that their annual Marine Economic
Statistics series is partly based on samples and partly extrapolated. As
respondents voluntarily return data, sample sizes fluctuate and indeed
have significantly dropped in recent years. In 2014 29 aquaculture
responses were obtained but Marine Scotland received only 18 or 19 in
each of the three following years - see para 17.6.1 at
https://www.gov.scot/publications/scotlands-marine-economic-statistics2017/pages/17/ for more sample size information. Smaller sample sizes
of the nature of those now being made available would make the task of
extrapolation much more challenging, and figures based on smaller
sample sizes would consequently be less reliable.

12

https://www.gov.scot/publications/scotlands-marine-economic-statistics2017/pages/4/
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1.5

OWNERSHIP OF THE SALMON FARMING SECTOR

1.5.1

Ownership Issues
The R&R Paper states (p12): ‘Three of Scotland’s big six salmon farming
companies are owned by Norwegian companies… The parent company of
Scotland’s third largest salmon producer, The Scottish Salmon Company, is
registered in Jersey, and listed on the Norwegian Stock Exchange. The two
other major salmon producers …[are] Cooke Aquaculture, which is Canadian,
and Loch Duart, which has major shareholders in the US. These six parent
companies account for 99% of all Scotland’s farmed fish production’. This
statement is published in various sources including online news sites and the
Imani Report, and is directly supported by evidence from the Marine Scotland
Science Scottish Fish Farm Production Survey 2018 which states on page 30:
‘Overall, production was dominated by six companies in 2018 which between
them accounted for 99% of Scotland’s farmed Atlantic salmon production’.
We do not therefore doubt its validity.

1.5.2

Treatment of Profits from Foreign Owned Businesses
The R&R Paper (in Section 3.1.1) indicates that only wages and possibly UK
revenues from taxing profit should be considered an economic benefit to
Scotland and that it is misleading to quote GVA including all profits as a
measure of increased income to Scotland. This is because ‘much of the profit
from foreign owned companies will not be spent in the UK’.
The economic rationale for excluding profits as a benefit to Scotland is that
profits are periodically repatriated by foreign owned companies (to Norway,
Canada or the US, in the case of Scottish aquaculture), and/or distributed to
predominantly overseas-based shareholders. In such cases, profits are not
spent in the country in which they are earned (Scotland) and would not benefit
the Scottish economy, appearing instead as a ‘cost’ (negative outgoing) on the
Balance of Payments capital account. Given this, we endorse the R&R
Paper’s recommendation that sector profits should not be included within
estimates of increased income for Scotland.
A 2016 Economic Report prepared by the Joint Research Centre of the
European Commission13 for the Scientific, Technical and Economic Committee
for Fisheries estimated that net profits (after interest, tax and all costs) in the
UK aquaculture sector accounted for 19% of the sector’s total turnover (the
UK’s aquaculture sector is not the same as the Scottish aquaculture sector but
here we use it as a proxy). This suggests that the gross estimates of Scottish
aquaculture’s impact on the Scottish economy reported in Table 1.1 should be
reduced (by at least one fifth) in the interest of obtaining a more accurate ‘net’
impact figure, which reflects the common practice of profit repatriation.

13

Economic Report of the EU aquaculture sector, prepared for the Scientific,
Technical and Economic Committee for Fisheries for its 53rd plenary meeting held
from 24 to 28 October 2016 in Brussels, Belgium, see Table 4.27.3, p.407.
https://stecf.jrc.ec.europa.eu/documents/43805/1491449/STECF+16-19++EU+Aquaculture.pdf
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1.5.3

Treatment of Wages from Foreign Owned Businesses
The R&R Paper (in Section 3.1.2) refers to the pattern of labour used in the
off-shore sector in which the industry operates on a ‘two week on/two week
off’ type basis, with many of its employees living well away from the rigs, often
having their home outside of Scotland altogether. The Paper argues ‘If
aquaculture is similar to other offshore jobs, the ‘home’ of the employee is
likely to be outside Scotland… the vast majority of any income will be spent
outside Scotland and consequently the induced effect will again be close to
zero’.
Whilst agreeing this is a reasonable assertion, in practice the R&R Paper does
not include any evidence to support the argument that the aquaculture labour
market does reflect that of the off-shore sector, and neither have we found
any. In the absence of such evidence, it would seem more credible to assume
that the structure of Scottish aquaculture’s labour market more closely reflects
the mainstream labour market, in which employees live within commuting
distance of their principal place of work. As this would generally require them
to live in Scotland, it is most likely that they would spend their wages in
Scotland (with the usual exceptions that apply for elements of household
income spent on imported goods and services, mortgages with foreign banks,
foreign holidays etc). Therefore induced effects from the household
expenditure of those employed directly on salmon farms should count as an
effect, or at any rate, they should count no less than they would for any other
mainstream economic activity.
This may not be the case for workers employed in the salmon processing
sector however. Processors in Scotland have tended to employ a significant
proportion of migrants from other EU countries. According to Imani (2017),
this source of labour has been important to Scottish processors and has
helped them remain competitive. Scottish aquaculture also makes extensive
use of companies outside of Scotland for fish processing, transport and wellboat operators, feed and equipment suppliers and ova and smolt supply.
Where goods and services from outside of Scotland are contracted, all
associated expenditure leaves the Scottish economy (reducing the sector’s
indirect and induced multipliers) and where migrant workers in Scotland are
used, induced multiplier effects are limited to the extent that migrant workers
repatriate their income or save it before going home.

1.6

REVIEW OF THE IMANI PAPER
Together with Marsh (2019), the Imani paper is one of the two significant
recent assessments of the economic impact of the Scottish aquaculture
sector, and it is considered in Section 3.2 of the R&R Paper under the heading
‘The Idiosyncratic Approach of Imani’. Here we address the Paper’s
assessment of the Imani work.
The Imani work (see Table 1.1), published in 2017, was commissioned by
Highlands and Islands Enterprise and Marine Scotland, and carried out by
Imani Developments and Steve Westbrook.
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The R&R Paper comments on Imani’s failure to use Input-Output Tables
produced by government statisticians (p13) and Imani’s reasons for this which
are:








Their stated view that vertical integration within aquaculture means that
indirect impact ratios are not meaningful. The R&R Paper authors say
they do not understand this comment (we agree; there can still be
indirect impacts in vertically integrated supply chains).
Input-Output Tables are historic and reflect historical sector purchases
and sales. The R&R Paper acknowledges this and says that most of
the Imani data used is from 2015 and 2016. (We agree and would add
that all data reflects historical records, furthermore the added credibility
and reliability of official data offers its own benefits. It is not clear that
Imani would have had access to the 2016 Input-Output Tables at the
time of writing but if not, they would have had access to previous
versions. Like the R&R Paper, we do not find the ‘historic’ argument
very convincing).
There has been an increase in productivity in aquaculture, such as
automatic feeding systems, that should be taken into account.
Presumably this relates to the previous point and hints that in a fast
moving industry one needs frequently updated data. When the age of
the data used is largely the same as that of official data this argument
does not apply. Moreover most of the headline figures bandied around
(see Table 1.1) relate not to productivity, GVA or capital investment,
but simply to turnover and employment, and up to half of the figures
quoted relate to indirect and induced activities which would be much
less affected by productivity in the salmon aquaculture sector.
Discussion with main players provides valuable insight into impacts.
The R&R Paper argues practitioners should use data generated by an
independent authority (ie Government) rather than sources who might
not be wholly unbiased (ie industry). Generally speaking we would
agree that government published data is much more preferable, but we
also agree that insight from the industry (eg via the annual surveys
facilitated by Marine Scotland) can also add significant value.
However, where the method of data collection and analysis is opaque,
the independent observer is entitled to question the resulting estimates
and the impartiality of the data. In this case we concur with the R&R
Paper that the analysis is not transparent (a criticism not uncommonly
applied to economic impact studies). Imani indicates its data sources
are interviews with industry and support organisation contacts; related
work on opportunities and challenges for the industry; HIE and MS
commissioned studies; follow up consultation; discussions with
producers and their suppliers, and government data, but they are not
specific about what comes from where and how they have developed
their spending, earnings and employment estimates).

The breakdown of employment and earnings estimates appears in the Imani
report on p55 and is reproduced in Table 4 (p14) of the R&R Paper. It is
shown again below for convenience.
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Table 1.3

Summary of Imani Estimates (Salmon)
Salmon
Smolt & salmon production
Management & administration
Fish feed supply (incl indirect)
Transport (incl indirect)
Vet services and medications (incl indirect)
Capital investment (incl indirect)
Other purchases by salmon farming
businesses
Processing (primary plus secondary) direct
Processing indirect
Transport post processing (incl indirect)
Total direct plus indirect
Induced employment
Total employment impact

1.6.1

FTEs
1,555
233
416
534
596
486

Earnings (£m)
46
8.1
10.2
16
23.1
14.6

1,530
2,854
285
200
8,689
1,651
10,340

42.5
64.2
7.1
6
237.8
33
270.8

Specific Critique of the Imani Figures
The R&R Paper on pages 14 and 15 critiques the Imani report on a variety of
specific issues, introducing the analysis with their summary statement, saying
‘Generally, the procedures adopted by Imani are somewhat opaque’, and
‘there is a lack of clarity about how surveys and consultations were
undertaken… and more importantly about… how the results…were processed
to produce the estimated impacts’ (see p14). We concur with this view. There
appears to be very limited detail published in the Imani report (see page 55 of
the document) about the derivation of the figures in Table 1.3 above and it is
not possible to reproduce the Imani estimates from published data or even in
most cases to understand their origin. Nor is it possible to isolate direct and
indirect jobs and earnings or the size of any multiplier used. In effect, the
figures must be accepted as a ‘black box’ output. The relative lack of
transparency raises questions about the credibility of some of the figures, in
particular those which appear large. Some specific criticisms levelled in the
R&R Paper regarding the figures are given below, together with our
responses.
Size of GVA Estimate – The R&R Paper notes (p14) that the Imani report
estimates GVA to be £540m, on the basis that this is approximately double the
earnings. The Imani document does not appear to explain the basis for
assuming GVA is twice earnings. On p15 the R&R Paper states that the Imani
£540m estimate is significantly different from the estimate of GVA made in the
National Accounts Input-Output Tables, which (for 2016) is £176.4m. Both of
these points are demonstrably true. The explanation could be either because
GVA is nowhere near approximately double the earnings, or because the
earnings have been exaggerated, or a combination of the two. Alternatively,
one can draw the conclusion that the National Accounts are inaccurate, and
this is not impossible (there is modelling involved in the derivation of certain of
the Input-Output Tables, and the figures should be interpreted as a guide
rather than as point estimates). However, in respect of the last explanation,
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we believe that the scale of the error required for this to be true (ie the
National Accounts are wrong by a factor of 3) is simply implausible.
Treatment of Imports and External Fish Processing: The R&R Paper notes
that the Imani figures above exaggerate the importance of aquaculture to
Scotland because it does not identify inputs to the sector which are imported
and processing that takes place outside of Scotland. Analysis of the published
Scottish Input-Output Tables14 for the aquaculture sector (2016) indicates that
considering basic expenditure (ie excluding wages, taxes and subsidies) the
Scottish aquaculture sector spent an estimated £569.3m in 2016 on its supply
chain, of which £210.1m (ie 36%) was spent outside Scotland. This supports
the R&R Paper’s comment because expenditure outside of Scotland is a loss
to the Scottish economy and should be discounted from any estimate of the
sector’s impact on the Scottish economy.
Of the money leaving the Scottish economy, about 70% went to the rest of the
UK and the remainder went to suppliers further afield. The Imani authors are
certainly aware of some of these ‘leakages’ (see, for example, remarks on p33
of their report, ‘Feed supply is a substantial part of the cost of production of
finfish, but most of the value is captured by other countries exporting feed
components to Scotland’; and ‘A number of suppliers in Scotland provide
equipment and ongoing diving, boat and maintenance services to producers;
although many services are provided from Norwegian firms - especially wellboats’). However we do not know the extent to which (if at all) these leakages
have been taken into account in the preparation of the Imani estimates. What
this does indicate is that any gross impact figures based wholly on 2016 sector
turnover figures should be reduced by an estimated 36% to allow for leakages
outside of Scotland.
Expenditure and Manpower Associated with Veterinary Services: Veterinary
services, which is a specific sector described in the Imani report, is the only
line item in their Table which corresponds exactly with a commensurate
Standard Industrial Classification (SIC). SICs are used by statisticians and
economists to analyse and measure economic activities and therefore we
have pretty good official data on them. The R&R Paper professes surprise
that Imani estimates veterinary services cost the sector £23.1m (including
indirect impacts) and supports 569 jobs. A check on the relevant Input-Output
Tables confirms the official estimate of the sector’s direct expenditure on
veterinarian services is in fact in the region of £1.3m (as reported in the R&R
Paper), which with indirect and induced impacts would less than double.
According to Marine Scotland’s Scottish Shellfish Farm Production Survey
(2018) there were 221 sites producing salmon in Scotland in 2018, down from
253 in 2016, which suggests an average distribution of between 2 and 2.5 vets
per aquaculture site. Imani says it draws on much MS survey data and some
of the maps in the Imani report are the same as those in Marine Scotland’s
annual reports, so the estimate of site numbers is likely to be reasonably
robust. Even given the presence of some veterinarians working at research
centres such as the Scottish Aquaculture Innovation Centre, we agree with the

14

https://www.gov.scot/publications/supply-use-input-output-tables-multipliersscotland/
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R&R Paper that this level of veterinary provision within the sector is clearly a
significant overestimate in terms of both spending and employment.
Treatment of Capital Expenditure: The R&R Paper states that the ‘treatment
of capital expenditure is idiosyncratic’ and refers to the Transactions Table
(they use this term interchangeably with Input-Output Table) as recording
purchases (eg buildings) and recognising change in capital value by the flow
in the value of the capital account. We are not aware of a way in which the
National Accounts Input-Output Tables can be used to measure or record
capital investment and cannot endorse this finding.
Remuneration of Employees: The R&R Paper notes that the remuneration of
employees according to the Input-Output Tables is £83.3m, ‘substantially
higher than Imani’; using the Marine Scotland employment figures of 2,280
(full-time equivalent) ‘average remuneration’ is given as £36,535. The £83.3m
figure does indeed appear in the Input-Output Tables for 2016 but it is
important to recognise that this figure is not remuneration but ‘compensation
of employees’. In addition to wages, it includes national insurance
contributions, pension contributions and other employment related on-costs,
therefore dividing the total cost by the number of employees and assuming
each gets that figure as remuneration or wage would exaggerate workers’
actual incomes.
1.6.2

Table 5, R&R Paper, and the Technical Application of Multipliers
Under its Imani section, the R&R Paper publishes its Table 5 which shows its
own estimates of impacts (for aquaculture as a whole, not just for salmon
aquaculture) based on evidence from the Scottish Government’s Input-Output
Tables and estimates for 2016 which it says have been obtained using
standard multipliers. This is reproduced as Table 1.4 below.
The Direct figures (with the exception of that for employment) are taken
straight from the National Statistics Input-Output Tables and are the same as
those in Table 1.2. This time, using the multipliers published in the

Table 1.4

R & R Estimates for 2016 Using Standard Multipliers

Output
Income
Employment
GVA

Direct

Type I

Type II

Indirect

Induced

792.8
83.3
2,280
176.4

191.6
4,332
388.1

216.6
5,016
458.6

108.3
2,052
211.7

25.0
684
70.6

Source: R&R Paper, p12

Input-Output Tables (also shown in Table 1.2) it is possible to derive the
figures shown in the four columns on the right, for the Type I and II columns,
this has been done simply by multiplying the ‘direct’ figure through by the
appropriate multiplier. The indirect and induced figures show the incremental
changes, and are obtained by subtracting the differences.
In the Section 1.4 discussion headed ‘Type I and Type II Multiplier Fact Check’
we learned that the application of multipliers is a tricky business which must
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be treated with caution. There are several issues to consider, one of which is
the one that warns users that technically, published Leontief multipliers such
as these should not be used at all for the effects of estimating the effects of
industrial activity, or indeed the effects of that industry ceasing, and
‘Hypothetical Extraction’ techniques should be used instead.15 Despite this,
many users do employ them, either because of a lack of understanding of
hypothetical extraction, or simply in the interest of convenience. An estimate
of the economic impact of Scottish aquaculture obtained through hypothetical
extraction is presented in Annex A of this document. However, accepting that
hypothetical extraction is not the standard approach (even if it is ideally the
desired one) the next big issue is how, exactly, to apply the multiplier and
predict wider impacts.
Before applying the multiplier, it is necessary to net out taxes and subsidies,
and also to strip away activity relating to imports – we have seen before that
expenditure on imports (whether direct, indirect or induced is not material)
does not positively impact the host economy (at least, not in itself) as it
represents money leaving the economy), and in the context of Scottish
aquaculture, in 2016 at least, spending on imports represented some 36% of
supply chain spending. The direct output estimate of £792.8m is already
adjusted downwards to reflect these issues.
However there is another matter. The published multipliers being used here16
are ‘final-use mutlipliers’, and they are intended to estimate the economic
impact as a result in changes in final demand only. Final demand comprises
only the output purchased by final consumers such as households, not for
profit institutions serving households, government, exports and investment.
The multipliers are not designed to estimate the economic impacts of the
industry output purchased by other industries as part of their own intermediate
consumption.17
In short, it is not correct to apply the output multiplier to the £792.8m figure.
Before doing so, inputs used in the production of other goods need to be
subtracted. According to the Input-Output Tables the estimated value of these
inputs (known as ‘intermediate uses’) in 2016 was £204.4m. Because these
uses have not been netted out first, the multiplier has been applied to too large
a number, and the sector’s influence is exaggerated.
The same applies to the application of the income, employment and GVA
multipliers – the £83.3m incomes, 2,280 jobs and £176.4m GVA are
attributable to the industry as a whole, rather than specifically to final uses.
The incomes, jobs, and GVA associated with the sector’s ‘final use’ output is
unfortunately not available (if it were the multipliers could be applied directly to
the final use figures) and so the multipliers should not be used to estimate the
15

See p4 top paragraph, on the application of hypothetical extraction
https://webarchive.nrscotland.gov.uk/20170406100048/http:/www.gov.scot/Resource/
0049/00495123.docx (Accessed 4th March 2020)
16 Recall the multipliers we are talking about are those sourced from the Input-Output
Tables for 2016 which are shown in Table 1.2.
17 See p4 top paragraph, for the importance of Final Demand.
https://webarchive.nrscotland.gov.uk/20170406100048/http:/www.gov.scot/Resource/
0049/00495123.docx (Accessed 4th March 2020). Additional material was provided in
correspondence with ONS and the Scottish Government’s National Accounts team.
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impact on these variables. Instead, the correct method to estimate the
impacts on incomes, jobs and GVA is through the use of ‘income effect’,
‘employment effect’ and ‘GVA effect’ figures. Fortunately, these have already
been estimated for us and are provided on the same worksheets as the
multipliers within the Input-Output Tables. They are shown in Table 1.5 for
Type I and II effects and also in the R&R Paper (see their Table 1 on p11).
Table 1.5

Income, Employment and GVA Effect Estimates for 2016
Direct
Output (total final uses), £m

588.4

Output effect/multiplier (£m)
Income effect, £m
Employment effect, FTE
GVA effect, £m

83.3
2,280
176.4

Type I Effect

Type II Effect

1.7
0.24
8.39
0.48

1.8
0.27
9.64
0.57

Source: Scottish Government Type I and Type II Multiplier Tabs from InputOutput Tables 2016, published July 2019

The relevant output figure of £588.4m has now had the industry’s intermediate
uses removed and is the final use figure we need. The output multipliers (1.7
and 1.8) have been developed to apply to the final use figure and can simply
be multiplied across to produce the relevant impact estimates. The ‘effect’
figures are now in place and should be used in conjunction with the only final
use figure we have – the output figure. They are interpreted follows:






The income (ie wages, salaries, employee compensation etc) ‘effect’
multiplier estimates the indirect or induced income change as a result
of a direct change of £1m of output generated by the final use (or ‘final
demand’) sector;
The employment ‘effect’ multiplier estimates the number of indirect or
induced full time equivalent employees as a result of a direct change of
£1m of output generated by the final use sector;
The GVA ‘effect’ multiplier estimates the indirect or induced change in
GVA as a result of a direct change of £1m of output generated by the
final use sector.

Looking at the Type I income effect, this is given as 0.24. So, for each £1m of
output demanded by the final use sector, an estimated £240k of additional
income is created. (Multipliers always assume that there is spare capacity to
meet the extra demand and also that all the newly created economic activity is
100% additional, and does not replace displace any other existing activity). As
we have £588.4m worth of activity, we multiply this through by the 0.24 to
produce an estimate of the Type I (direct and indirect) effect on income which
is £141m. The correct estimate of sector size, using government data, and
the appropriate multipliers and effects are shown in Table 1.6 below. Note that
these figures include all Scottish aquaculture, and not just salmon
aquaculture.
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Table 1.6

Estimates for 2016 Using Standard Multipliers – Revised (£m)
Multiplier/Effect

Estimated
Impact

Adjusted for
Salmon
(approx)

Total final uses (£m)

588.4

Type I (Direct and Indirect)
Output effect/multiplier (£m)
Income effect (£m)
Employment effect (FTE)
GVA effect (£m)

1.7
0.24
8.39
0.48

993
142
4,941
286

943
135
4,447
272

Type II (Direct + Indirect + Induced)
Output effect/multiplier (£m)
Income effect (£m)
Employment effect (FTE)
GVA effect (£m)

1.8
0.27
9.64
0.57

1,076
162
5,671
337

1,022
154
5,104
320

Source: Scottish Government Supply, Use and Input-Output Tables 2016,
published July 2019
Note Rounding may lead to figures not summing exactly in some cases. R&R
Paper 95% adjustment for salmon is retained, except in the case of employment
where 90% is used.

The interpretation of this is that using the latest Scottish Government InputOutput model of the economy, it is estimated that the total economic activity
(Output) supported by demand for the domestic Aquaculture Industry output is
a little over £1bn at £1,076m. This spending also supports around 5,600 full
time equivalent jobs and contributes around £340m to GDP.
As these are ‘all aquaculture’ figures, they would need to be factored down to
reflect the specific activity in salmon aquaculture. With the exception of
employment, we have not found any evidence to contradict the R&R Paper’s
assumption that in monetary terms, salmon accounts for around 95% of
aquaculture activity, so we have retained this assumption. However regarding
employment, Marine Scotland Scottish Fish Farm Surveys consistently show
that the salmon sector has approximately 90% (rather than 95%) of total
employment in FTE terms18, so we have adopted 90% for employment alone.
For the salmon aquaculture sector the estimate of direct and indirect FTEs
would is therefore 4,450 jobs with approximately 650 induced jobs – ie some
5,100 in total. This is a long way from the Imani estimate of 10,340.
1.6.3

Table 6, R&R Paper, and the Technical Application of Multipliers
The R&R Paper seeks to compare Imani estimates with estimates from
‘traditional methods’, and remarks that the most significant difference is in
employment – which we have seen above.
We re-present Table 6 from the R&R Paper below, with a column showing
from where their numbers appear to originate; afterwards there is a text
commentary on the estimates made by both Imani and the R&R Paper.

18

Annual proportions reported were 2018, 90% in salmon smolts and fish production;
2017, also 90%; 2016, 91%; 2015, 91%. The sub-sectoral employment split for the
minority of workers who are not working in fish farms is assumed to be the same.
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Table 1.7

Imani and R&R Paper Estimates

Output

Imani

R&R
Paper

1,080

753

R&R Paper Source

£798m, total use for aquaculture sector
(I/O) less 5% to adjust for salmon
Income
108
79
£83.3m (I/O) less 5% adjustment for
salmon
Direct
Employment
1,788
2,166
2,280 (Scottish Annual Business
Statistics) less 5% for salmon
GVA
54
168
£176m, (from I/O), less 5% for salmon
Direct,
Income
271
206
£83.3m income (I/O) x 2.6 income
Indirect and
multiplier (I/O), less 5% for salmon
Induced
Employment
10,340
4,115
2,280 (SABS) x 1.9 (I/O employment
multiplier) less 5%
GVA
540
435
£176.4m (I/O) x 2.57 (I/O GVA
multiplier) less 5%
Notes: I/O indicates the figure relates to the aquaculture sector as a whole and is sourced
direct from Input-Output Tables. SABS is Scottish Annual Business Statistics.
Source: R&R Paper, Consultant estimates

1.6.4

Direct Impacts
Looking first at the Imani column above, regarding the output estimates we
cannot find the 1,080 reference in the Imani Report, nor can we find the 108
earnings reference. However in light of official evidence, an estimate of 1,080
for direct output impact (presumably this is supposed to be in thousands of
pounds) looks large compared to total industrial production of £792m (for the
whole of aquaculture, and including intermediate supply). It is likely to be the
sum of turnover from industry actors and may include imports, profits and
taxes. The stated Imani reference to GVA of £54m similarly cannot be found,
whether this is an error related to Imani’s estimate of £540m for GVA in their
report is not known.
The stated Imani direct employment estimate of 1,788 comprises the Imani
estimates only of those in salmon and smolt production (1,555) and those in
management and administration (233) (see Table 1.3). This total is lower than
the 2,280 from SABS (for salmon alone, we believe this total should be
reduced by around 10% for reasons explained above) and the figure is also
lower than recent figures from Marine Scotland’s Fish Farm Surveys. We
know that Imani use these (‘Our baseline figures for site employment are
taken from the MS national surveys”, p53) and the most recent MS survey that
would have been available at the time of their writing would have been the
2015 Survey, which shows 1,799 FTEs in Scottish aquaculture, of which 1,634
(or 91%) were employed directly in salmon and smolt production, compared to
Imani’s estimate of 1,555.
It is unlikely Imani would have underestimated direct employment (especially
considering their very large estimate of indirect and induced jobs for the
sector), and it is probable therefore that the actual Imani direct employment
estimate is not 1,788 but is higher. However as it is not possible to split direct
from indirect jobs in many of their employment categories – such as transport
and veterinary services (see Table 1.3, for example) perhaps the R&R Paper
included only the direct jobs estimate the Imani report had been clear about,
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and their summary total of 1,788 jobs ignores the direct jobs rolled up with the
indirect jobs that cannot be separately identified.
Turning to R & R figures, their estimates of direct impacts are from
government sources and appear reasonable. The one intervention that the
authors have made – adjusting for salmon’s share of Scottish aquaculture –
may be slightly less than expected. The Marine Scotland Scottish Fish Farm
Production Surveys provide a clue to the likely split. Although variables are
not presented in monetary terms, meaning there is no sub-sectoral breakdown
of what different parts of the aquaculture business (such as salmon, trout,
shellfish etc) bring to total sectoral output, earnings and GVA, there are figures
for employment. As noted above, the 2015 survey indicated that of the total
employees estimated, 91% were in salmon farming. The figures from the
three published surveys since (2016, 2017, 2018) each show an employment
split of 90% in salmon and 10% in other sub-sectors, suggesting that the direct
employment figures at least should be reduced not by 5% but by 10%, to
reflect the share of salmon in the wider sector, which would reduce the R & R
direct employment estimate to around 2,050.
1.6.5

Indirect and Induced Impacts
First considering the R & R estimates of indirect and induced impacts, in
respect of income and GVA, the R&R Paper has not stripped out intermediate
consumption before applying multipliers, and has not made use of the income,
employment and GVA effect approach, which is the correct methodology to
use. This issue is discussed in Section 1.6.2 above.
As the Imani Report is not fully transparent about their methods, it is not clear
what they have done to obtain their estimates of indirect and induced effects.
Given the size of the indirect and induced effects they report, it is almost
certain that they have applied multipliers to exaggerated direct impacts and
also not used the preferred ‘effect’ approach where required. There is clear
evidence of both of these points on p55 of the Imani Report in the explanation
of why their impact summary (shown here as Table 1.3) includes a mix of
direct and indirect jobs: ‘Where FTEs and earnings below are aggregations of
direct and indirect, this is because Type I multipliers from Scotland Input
Output tables have been applied to estimates of generated turnover.’
While the R&R Paper applies its multiplier at least to the equivalent of the
£792m figure of Total Use (which includes intermediate demand, but not
taxes, subsidies, transport costs and retail and wholesale margins) and also
overlooked the ‘effect’ approach, Imani have applied the Input-Output Table
sourced multipliers to a still larger figure and most likely also failed to adjust
properly for imports, for the loss of profits and wages to the economy via
foreign workers and repatriation, and for basic prices. They may also have
(knowingly or unknowingly) used inaccurate direct impacts to start with.

1.7

REVIEW OF THE MARSH PAPER
Next the R&R Paper turns its attention to reviewing the Marsh (2019) study,
funded by the Scottish Salmon Producers Organisation. As mentioned in
Table 1.1, the Marsh ‘Report’ is published online, but appears to be very
limited in terms of methodological detail and, as one would expect in a report
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four pages long, limited in detail generally. During the course of this Peer
Review attempts were made to obtain a full report, and/or more detail behind
the assumptions and estimates made in the report, but the SSPO (which
funded the report) declined, saying there was no ‘full report’ and that more
details were not available. Readers will draw their own conclusions regarding
the lack of supportive evidence and whether this affects the strength of the
Marsh Report’s conclusions, and some may be indifferent to the matter,
however the absence of supporting material may damage, and certainly
cannot enhance, the overall credibility of the findings.
The Marsh report method appears to have been to collect economic data from
the members of the SSPO (in particular turnover) ‘as well as business register
data from the Office of National Statistics’ (p1 of Marsh Report). Then, the
authors apply multipliers from the Scottish Input-Output tables to estimate total
indirect and induced impacts from the sector.
The R&R Paper notes that ‘we have considerable problems not with the
approach but with the data produced by Marine Scotland’. We share the view
of the authors of the R&R Paper about the reliability of the Marine Scotland
aquaculture data, and these concerns are described in the text box on page
14 of this report. However though the R&R Paper appears to link this dataset
with the Marsh estimates, due to the scant methodological details in the Marsh
report, we are not clear whether, or how, it has been used in the development
of the Marsh impact estimates.
The key economic data published in the Marsh Report is reproduced in the
R&R Paper as Table 8 and appears below. These are presented as direct
impacts.
Table 1.8

Scottish Salmon Key Facts from Marsh Report, 2018 (£m)
Value (£m)
Turnover
1,027
Gross Value Added (GVA)
365
Gross Capital Investment
72
Corporation tax
50
Total salary costs
86
Total wages
76
Income tax and NICs
24
Average wage (£)
34,000
Employment
2,300
Source: Marsh Report, p1,
https://d178ivhysawugh.cloudfront.net/1556530716/salmon-impact.pdf

Other than the brief explanation in the paragraph above, that the figures come
from members of the SSPO and business register data from ONS, there are
few specific clues as to where these figures came from (even in the source
document) and perhaps consequently, little discussion of them in the R&R
Paper.
The turnover figure appears slightly high, but still plausible. Data from the
Scottish Input-Output Tables for 2016 puts ‘Total supply at purchasers' prices’
(ie sales) at £907m, while Marine Scotland figures for 2017 estimate sector
turnover at £905m. Both are for aquaculture as a whole so would need to be
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reduced by (say) 5% to reflect the salmon sub-sector. The difference of a little
under £200m could be explained by a combination of growth since 2016,
rebasing of prices to 2018 prices, and/or perhaps some over-enthusiastic
reporting on the part of respondents. Nonetheless, the numbers are not
wholly dissimilar and any sectoral impact central estimate should be
interpreted with some leeway either way.
Looking at GVA, according to the Scottish Input-Output Tables, GVA in 2016
was £176m (say £165m for salmon) so this looks overvalued for a direct
effect. At first glance, total salary costs of £86m appears to compare well with
the official data (£83m two years earlier), though the official data includes
employers’ NI contributions and contributions to privately funded insurance
schemes.
Average wages appear high anecdotally (see Table 1.1); the £34,000 figure
looks recycled from previous reports and cannot be confirmed from official
figures. The preferred source for earnings estimates is the Annual Survey of
Hours and Earnings (ASHE) survey, carried out by the Office for National
Statistics (ONS), however ONS appear to publish only a UK breakdown for
aquaculture and most of the relevant estimates for aquaculture are
suppressed due to unreliability. Scottish Annual Business Statistics publishes
gross wages and salaries per head specifically for Scottish aquaculture,
estimated at £29,304 (for 2016) and £28,715 (2017)19. However even these
estimates are just a straight average or mean (gross wages and salaries
divided by the number of jobs), so full-time/part-time working patterns are not
taken into account. ASHE suppresses the publication of the number of part
time jobs in this sector which implies there are few, but even so the figures
provided are mean and not median averages; median averages are preferred
when reporting incomes because the presence of a small number of very high
earners tends to skew average incomes upwards.
Turning to the last line in the Table, the 2,300 employment figure reflects
official data as well as figures used in the R&R Paper.
1.7.3

Specific Critique of the Marsh Figures
The main points made regarding the Marsh Paper in the R&R Paper concern
turnover, employment, a ‘failure to identify the alternative vision’ and tax
revenue, issues which are considered below.
Turnover: Immediately under the Marsh findings, the R&R Paper observes
that ‘the Marsh paper then calculates the change in total output in Scotland
using the output multiplier and produces the headline grabbing figure of £2bn
in turnover (p17)’. Several paragraphs later the authors argue that turnover is
unsuitable for use as an industry performance indicator, and give two
examples. The examples are correct and might have been explained with the
aid of a graphic or table to make them easier to understand. However the
19https://www.gov.scot/binaries/content/documents/govscot/publications/statistics/201

9/06/scottish-annual-business-statistics/documents/fishing-manufacture-of-foodproducts-and-beverages-spreadsheet/fishing-manufacture-of-food-products-andbeveragesspreadsheet/govscot%3Adocument/Fishing%252C%2BManufacture%2Bof%2BFood
%2BProducts%2Band%2BBeverages.xlsx.
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fundamental argument – that turnover is unsuitable for use as a measure of
success – is not only correct but is one of the reasons why macroeconomists
and statisticians created National Accounts reporting in the first place – to
facilitate proper measurement of economic impact and effectively measure the
economic activity of industrial sectors – and ultimately the nation.
While we consider the R&R Paper’s comments on turnover fair, and the
complaint is made that ‘Marsh seems to be responsible for using total industry
turnover (£2bn) as an industry performance indicator’, the argument that use
of the £2bn figure is exaggerated is not made, despite its validity. The Marsh
report, in a five line paragraph headed ‘Economic Impact’, writes: ‘Given an
industry turnover of £1,027 million, this suggests that the economic impact of
the industry could support nearly £2 billion of turnover in Scotland’s economy
today and several thousand Scottish jobs’. Multiplying the £1,027 million by
the multiplier for growth from the Scottish Input-Output Tables (1.8, or more
exactly, 1.829) produces £1,878 million, which is most likely to be the
mechanism used for obtaining the estimated ‘nearly £2 billion of turnover’
supported. While it might be argued that some ‘turnover’ elsewhere is
supported in some way, as we have seen (see Section 1.6.3 above) the
application of a multiplier to turnover in this way does not produce a sound
estimate of economic impact and misuses the multiplier estimates produced
by those in the Chief Economist Directorate of the Scottish Government. It is
striking that the use of official methodologies and figures (see Table 1.6),
produces an estimated impact of £1,022 million for the direct, indirect and
induced activities of salmon aquaculture combined – which is very similar to
Marsh’s figure of turnover alone, and almost half that of the total £2 billion
impact attributed to the Marsh Report.
Tax Revenue: The description in the Marsh Report of how tax estimates were
derived extends to four lines, from which we are not able to validate the
method used or follow up sources to check the estimate obtained. The R&R
Paper notes there is a divergence of £142m between the £216m of tax the
Marsh Report says the sector has paid and the £74m that companies and
employees in the industry actually paid, and also that since profits are largely
repatriated, this might explain some of the difference. Whilst we are not able
to comment on the figures, over half of them appear to be out of scope – ‘The
total tax revenues generated by Scottish Salmon production are £216m.
Nearly half of these revenues are raised by (or assigned to) the Scottish
Government’ (p3, Marsh) – ie they are paid, presumably, to governments and
agencies outside Scotland. This supports the R&R Paper’s view that profit
repatriation could help explain the difference between the figure they ascribe
to the sector’s taxation (£74m) and the figure claimed by Marsh (£216m).
Failure to identify the alternative vision: This comment is tied up with the
general point made about the ‘partial nature’ of economic impact evidence,
which criticises impacts for focusing only on the gross impacts of the sector.
The R&R Paper is correct to point out that ‘whilst it is likely that the processing
sector would contract without aquaculture, it is expected that alternative raw
materials for processing would be sourced. The economic impact [of the loss
of salmon aquaculture] would then be considerably reduced’. This is a flaw
not just of the Marsh paper but of all of the gross estimates of industry impact.
As we have seen, the Green Book requires all impacts (social, economic,
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environmental, financial etc) to be assessed relative to the counterfactual – ie.
what would have happened anyway. If what would have happened anyway is
that companies and workers within the sector and its supply chain would have
found alternative clients and work sources outside of the salmon aquaculture
sector then the economic impacts deriving from their present work in or
relating to salmon aquaculture are not ‘additional’. This means that the
income, employment and outputs they derive from working in or with the
salmon aquaculture sector are not unique, but are just displaced from
elsewhere in the economy. In the absence of salmon aquaculture, these
benefits would be replaced by other activity and do not count in the net
assessment. The true ‘additionality’, in reality, may in fact be relatively low,
and could easily result in the loss of half the claimed benefits.
Related to this point we have also seen that estimates returned from
multipliers and effect factors derived from Input-Output Tables (ie a large part
of virtually all the estimates examined here) assume that all economic activity
is 100% additional. The multiplier or effects-derived estimates do not take
account of any displacement there may be of economic activity from
elsewhere in Scotland (eg if a transport company or vet finds alternative work
when losing a contract with a salmon farm, then the work with the salmon farm
was not additional, but was just displaced). To the extent that replacement
work/activity is found, the estimates are all, therefore, exaggerated.
1.8

THE INAPPROPRIATE USE OF THE AVAILABLE EVIDENCE
This is the penultimate section of the R&R Paper, the nub of which appears to
be that one cannot uncritically extrapolate current impacts into the future by
assuming that the relative balance of present costs and benefits will all remain
the same. We do not believe there to be any controversial statements within
this section and we interpret the information therein as a warning to those who
would assume that proportionately increasing the inputs to an industry will
lead to the same proportion of outputs in the future.
In supporting the findings expressed in the section, it is worthwhile
emphasising some of the points made. The authors (last paragraph, p18)
state that ‘We are concerned there has been no formal assessment of the
benefits and costs associated with the proposed expansion. The inference is
given that if we double production, GVA and employment will double. In the
real world, relationships are not linear.’ The authors give the example of the
introduction of increasing automation of the sector, and furnish a relevant
quote from MOWI’s 2018 Annual Report20, using this as evidence to say that it
is perfectly possible, indeed likely, that wages could make up a smaller part of
benefits in future than profits, which would affect Scottish impacts
disproportionately.
One issue the R&R Paper has not included in this section is that the
multipliers on which predictions of impacts rely assume that the key
relationships between inputs, outputs, employment and so on remain
constant. The multipliers are based on a fixed ‘snap-shot’ model of the
20

The reference is sound and can be found on p128 of the report, accessed 9 March
2020 from https://issuu.com/hg9/docs/mowi_annual_report_2018_4e0dacb83168e4?e=19530043/68703955
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economy for a given year, so that future changes in the structure of a sector
(for example in the inputs required to produce a given output or in the relative
prices of products or labour) will require the estimation of new multipliers. And
of course multipliers and effect factors must be applied correctly in the first
place.
It is also the case, as the R&R Paper indicates, that our relative assessment of
the values of salmon aquaculture and of environmental damage costs will
change over time, for example as the relative scarcity of fish farm output and
environmental quality changes. At present, environmental impacts have not
even been included in the widely publicised industry impact estimates
appearing in Table 1.1, perhaps (as pointed out in the Paper) because they
are complex and less readily quantifiable. As the Paper notes, this is not a
trivial issue, especially given the level of expansion being proposed.
1.9

COMMENTARY ON R&R PAPER CONCLUSIONS AND IMPLICATIONS
The R&R Paper concludes that it is regrettable that the publically declared
Scottish Government support for industry expansion has apparently been
influenced by its reliance on the evidence they have examined (ie the Imani
Developments paper and the Marsh Paper). Whilst we are less concerned
about what name is given to an assessment, and have found erroneous
results from the application of multipliers to inappropriate direct impacts in all
three reports, we support the key R&R Paper findings that the evidence from
the Imani Developments and Marsh work ignores the adverse impacts that
industry expansion will have on the well-being of other Scottish stakeholders.
The findings from these reports also ignore the potential for job losses
elsewhere in the economy, through the continued operations of salmon
aquaculture, and the additionality of the claimed economic benefits, which is
not considered, meaning all existing estimates are likely to include a high
degree of displacement.
The R&R Paper described Imani as poorly executed, deploying unusual
methods and using data supplied by the industry. Whilst the latter is not a
particular problem the opacity of the method used probably informed the
authors’ judgement on all three of these elements, and with some justification.
Based on the sizes of impact estimates the Imani Report produces, the lack of
cognisance for negative externalities and the counterfactual and the opaque
data and methodology employed, we do not have confidence in the output of
the Imani Report, and certainly not as evidence to inform decision making.
Even as a blunt assessment of the size of the industry (eg measured in terms
of jobs, earnings and GVA) the insufficiently transparent and unusually large
estimates give rise to more questions than they answer. The failure to
consider the net, rather than the gross impact of the sector, means that even if
the figures had been more carefully assessed, the report would still only
partially achieve the objective of its title to research ‘The Value of Aquaculture
to Scotland’.
We agree that the Marsh Report produced impressively large monetary sums
which do not relate to any coherent performance indicator. Furthermore the
‘impressively large monetary sums’ turn out to be even larger than they should
be, bearing in mind the multipliers (as in the Imani study) have not been
properly applied. Again, method is scant and it is difficult to validate the
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findings. However as a standard assessment of the direct outputs of turnover
and employment, it is a short piece that presents figures that are likely to be
reasonably robust, and presumably largely achieved the SSPO’s aims of
raising the profile of the Scottish salmon aquaculture sector.
Each of the two papers were written for a specific audience and while Marsh’s
paper is the more credible because of its defensible estimates of turnover,
employment and wages, this may be because its remit is more limited and its
simplicity more appealing. But because it measures the wrong things and
does not consider net effects, it is no more capable of informing the judgement
of a public sector decision maker on the matter of whether salmon aquaculture
should or should not be expanded than the Imani Report.
The R&R Paper authors conclude that the information currently available
cannot inform a decision as to whether salmon aquaculture should be
expanded. We agree with this, not only because the current evidence
showing the relevant industry key performance indicators is not robust, but
also because the net effects of the industry’s operation have not been
assessed at all, which is, after all, one of the central tenets the Green Book
requires.
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Annex A

Economic Impact of the Aquaculture
Sector using Official Figures &
Hypothetical Extraction Techniques
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A

RESULTS OF HYPOTHETICAL EXTRACTION

The preferred approach to estimate a sector’s impact on the wider economy is
the ‘hypothetical extraction’ technique, which is an approach made possible by
the manipulation of data published within the Input-Output Tables which
describe the interrelations between an economy’s industrial sectors.
For this approach it is necessary to create Hypothetical Extraction (HE)
multipliers, which can be calculated by dividing the published multiplier by the
diagonal of specially published Leontief Tables. The denominator required
appears within the Input-Output Tables, on the tabs labelled Leontief Type I
and Leontief Type II respectively.
Using these HE multipliers/effects is equivalent to constructing an InputOutput Table for an economy with the industry and product rows zeroed out
(treating all consumption of the product as fulfilled by imports), running the
final demand vector through this reduced Table to get an output vector for the
extraction scenario economy, and then subtracting this from the original output
vector (base scenario) for the Scottish economy to obtain the difference.
The results, which have been kindly provided to us by the Scottish
Government Input-Output team, are shown overleaf.
As the hypothetically extracted figures are for the Scottish aquaculture sector
as a whole, they are comparable to column 2 in Table 1.6 rather than the final
column, which is adjusted for salmon. Even comparing ‘like with like’, it can be
seen that a comparison of the hypothetically extracted figures with those
obtained in Table 1.6 from more conventional techniques show that the HE
figures show a slightly larger industry impact for each of the variables
modelled (output, income, employment and GVA), and for both types of
impact - direct and indirect (Type I) and direct, indirect and induced (Type II).
The reader should bear in mind that even these figures are not ‘additional’ – in
the sense that they account for possible displacement of economic activity
from elsewhere in the economy.
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Industry Hypothetical Extraction (HE)
Total Output (£m)
Total Income (£m)
Total Employment (FTE)
Total GVA (£m)

HE Type 1 (Direct + Indirect)
Ouptut Effect/Muliplier (£m)
Income Multiplier (£m)
Employment Multiplier (FTE)
GVA Multiplier (£m)
HE Type 2 (Direct + Indirect + Induced)
Ouptut Effect/Muliplier (£m)
Income Multiplier (£m)
Employment Multiplier (FTE)
GVA Multiplier (£m)

£793
£83
£176

1.4
2.0
1.7
1.9
1.6
2.2
1.9
2.2

Estimated
Impact
£1,140
£163
£329
£1,236
£186
£387

HE Type 1 (Direct + Indirect)
Ouptut Effect/Muliplier (£m)
Income Effect (£m)
Employment Effect (FTE)
GVA Effect (£m)
HE Type 2 (Direct + Indirect + Induced)
Ouptut Effect/Muliplier (£m)
Income Effect (£m)
Employment Effect (FTE)
GVA Effect (£m)

1.4
0.2
7.2
0.4

Estimated
Impact
£1,140
£163
5,674
£329

1.6
0.2
8.2
0.5

£1,236
£186
6,513
£387

Source: Scottish Government Supply, Use and Input-Output Tables 1998-2016, published July 2019
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