May 2015 Forecast Round

ESSENTIAL READING

Key Issues Meeting 1: Key risks around MPC supply judgements
CAPD/SEAD!

At Key Issues Meeting 1, we plan to consider risks to the supply side of the forecast, focusing particularly on the
new analytical work you have requested on productivity and capacity utilisation, and some broader scenarios
thereof. There will be time at the end of the meeting to review your recent discussions of labour supply and
consider some alternative scenarios there too.

Section 1: Further analysis of the output gap, capacity utilisation and productivity growth

e External estimates of the output gap are broadly similar to our own for 2014, but the degree of uncertainty
regarding the output gap is high as indicated by the range of estimates and by ex-post versus real-time
analysis. While most externals have revised up their pre-crisis estimate of the output gap, we haven’t taken
that view partly due to our different assessment of CAPU.

e The latest evidence — including new data from various Agents’ surveys — supports the central judgement that
capacity utilisation is, broadly speaking, around ‘normal’ levels. There is, of course, significant uncertainty
around that judgement dependent on the mapping between surveys, a normal level of capacity and the
resulting inflationary pressures. And, at the margin, the Agents judge that the risks to our central treatment
lie to the downside due in part to their intelligence on low levels of capital compared with labour utilisation.

e Despite slightly more positive signs in the very latest data — particularly taking into account compositional
effects — recent weakness in potential productivity growth is still attributed largely to weakness in TFP
growth rather than the contribution of capital deepening, and hence remains puzzling and arguably more
inexplicable than the weakness immediately following the financial crisis.

e The evidence from near-term lead indicator models is mixed. Some suggest scope for a faster than expected
pick-up in hourly productivity growth, whereas the projections for productivity per head point to weakening
and weaker than expected dynamics.

e Productivity growth recovers from around zero to just below its historic average over the forecast. This is
one of the key assumptions underpinning our projections of GDP growth close to trend, the dogleg in
unemployment and inflation close to target in the medium-term. Two key questions for the outlook,
therefore, are: first, whether productivity growth will (finally) evolve as we expect; and second, to the extent
it doesn’t, how big the implications for unemployment, inflation and, therefore, policy might be. We explore
risks around both of these assumptions. The key point is that if productivity growth turned out lower, absent
a policy response, we would expect growth to turn out weaker, unemployment lower and inflation higher. If
households and firms expect the weakness in productivity to persist, and respond to that expectation
relatively quickly, then the inflation effects are likely to be reasonably small. However if they’'re more
backward-looking and take longer to adjust their spending, the inflation effects could be material.

Section 2: Labour supply

e The changes made to labour supply as a result of the supply stocktake narrow the output gap in the
Benchmark forecast slightly from -0.5% to -0.3% in Q2 2015. Over the past, lower trend participation is only
partly offset by a small upward revision to trend average hours. But stronger population growth over the
forecast leave the overall level of labour supply little changed relative to the February IR.

e There are substantial uncertainties around any estimate of slack in the labour market. Alternative
assumptions across the various components of labour supply could easily lead to a starting level %% higher
or lower, and possibly as much as 2% either side of our central estimate. Different assumptions about the
trends over the forecast could also have significant implications for labour supply by the end of the forecast.

e We see the risks as broadly balanced across most components, although the risks may be slightly weighted
towards a higher trend level of labour supply due to a lower equilibrium unemployment rate. The weakness
of wages poses a challenge to our view of little labour market slack remaining, and alternative explanations
for weak wages will be explored in KIM2.

e Shifting up the end level of labour supply by 1% by the end of the forecast would leave annual GDP growth
0.1% higher on average over the forecast and inflation 0.2pp weaker by year 3.
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Section 1: Further analysis of the output gap, capacity utilisation and productivity growth

Over the past few years, GDP growth has, in an accounting sense, been driven by growth in potential supply and also
to a significant degree by a closing of the output gap. But, within potential supply, almost all of that growth has been
attributed to our estimates of strong labour supply growth, while implied potential productivity growth has tended
to contribute negatively over all but the most recent few quarters (Chart 1). As has been the case in your projections
for some time, that story changes considerably over the forecast period, with: a small further contribution from the
closing of the output gap in the near term; a slowdown in labour supply growth; and a marked and sustained pickup
in potential productivity growth (although not back fully to its pre-crisis average growth rate).

Chart 1: Real GDP and its drivers Chart 2: OBR top down measures of the output gap
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Following your discussions of the supply stock take at the last MPC meeting, this Key Issue is focused on the last of
these judgements, with broadly speaking four chunks of additional analytical material that you have flagged that you
would like to consider and discuss:

e The first supplements your existing methodology by considering top-down steers on the output gap from a
range of statistical filters that also feed into the judgements of other institutions on the UK output gap.

e The second explores our existing judgement on spare capacity within companies (‘CAPU’) and in particular
recent evidence from the Agency network about what constitutes a ‘normal’ level of slack.

e The third puts to one side the large level hit to productivity experienced immediately after the financial crisis,
and asks what more we can learn by focusing on the weakness in (potential) productivity growth recently. It
also links compositional effects on wage growth more directly to recent developments in productivity.

e Finally, you asked whether there were any alternative indicators available to near cast productivity and so
we have considered a range of steers and forecasting models based on business surveys and other data.

The next four sub-sections set out in more detail the evidence we have pulled together to address these issues, with
the following section of the note outlining some alternative scenarios for productivity and CAPU motivated by this
analysis and your previous discussions of the stock take.

Top down estimates of the output gap

The MPC has tended to focus on a concept of ‘spare capacity’ defined as the additional output that can be produced
without creating upward pressure on inflation within the horizon relevant for monetary policy. And that, in turn, has
favoured a bottom up estimate of the amount of spare capacity based on slack in different parts of the labour
market and slack within companies (based, for example, on surveys of capacity utilisation). There is, however,
considerable uncertainty around any estimate of the degree of slack and so there may be value in considering
alternative, and often more top down, techniques for estimating the output gap, such as statistical filters as well as
looking at other institutions’ estimates as cross-checks (including the OBR, EC, IMF and OECD).
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The OBR approach

The OBR starts its analysis from a top down approach consisting of nine models (Chart 2 shows a selection), primarily
a range of univariate and multivariate filters (applied to non-oil GVA) and models based on cyclical indicators?. In Q4
2014, the estimates of the output gap produced from this suite varied between -1.7% and +1.6%, compared with the
MPC’s -0.6% estimate in the May Benchmark forecast.

Their univariate filters include:

Hodrick-Prescott (HP) filter - the HP filter extracts an underlying trend by fitting a smoothed line through the
raw data series. Specifically, it extracts a trend component by trading off the goodness of fit to the actual
series and the degree of smoothness of the trend series. Given these characteristics, in 2014 Q4, this method
suggests that the output gap is positive and that economic activity was 1.3% above its trend. While the
standard HP filter does not take into account nominal variables such as wages or inflation (see multivariate
filters below) and suffers from well-known end point problems (see discussion of real time data later on), it is
still the most widely used purely statistical approach for estimating potential output.

Prior-constrained (PC) filter — similar to the HP, but the PC filter is constrained to consider only shocks to the
level of potential output but not to its underlying growth rate, unlike the HP filter that takes account of both.
That constraint may be more consistent with recent MPC discussions around the extent to which the crisis
has had a permanent effect on the level of output but not its growth rate, and delivers an estimate of the
output gap currently of zero — ie, significantly below the estimate from a simple HP filter, although still
higher than the latest MPC judgement.

Their multivariate methods encompass:

Phillips curve-augmented PC filter — augmenting the objective function of the PC filter for inflation, this
chooses the path of the output gap that most improves the fit of the structural relationship between
inflation and spare capacity. This indicates that the output gap was -0.3% in Q4 2014, again slightly higher
than the MPC’s current estimate.

Okun’s law-augmented PC filter — in this case the filter takes into account the information from the
relationship between wages and unemployment to derive an estimate of the structural rate of
unemployment, which is then used to inform the filtering process for the output gap. Unsurprisingly perhaps,
this produces the lowest output gap across all the models included in the OBR’s suite, at -1.7% in Q4 2014.

CAPU-augmented PC filter — this filter also takes into account cyclical indicators of capacity utilisation. This
produces the highest positive output gap (1.6%), compared with other multivariate methods.

Multivariate filter — in this specification the filter makes use of the information from all three relationships
described above and leads to a -1.0% output gap estimate.

Their cyclical indicators approach includes:

Principal Component Analysis model (PCA) — a statistical technique that enables the identification of the
common determinant of a variety of cyclical indicators based on survey measures of capacity utilisation and
recruitment difficulties together with wage indicators. This model indicates a negative output gap of -0.2% in
2014 Q4.

Aggregate component model (AC) — measures the output gap using the same survey indicators in the PCA
model but with weightings based on factor income and sector shares (rather than statistically). This model
shows a positive output gap estimate of 1.5% in 2014 Q4.

The OBR uses this suite of models to inform the central projection for the output gap that feeds into their economic
and public finance projections, with the final decision ultimately a judgement for the Budget Responsibility
Committee (BRC).

2 Murray (2014): Working Paper No.5: Output gap measurement: judgement and uncertainty
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Other estimates of the output gap and real time data

A range of other external institutions publish measures of the UK output gap — and we are also broadly in the middle
of these estimates. For example, the estimates for calendar year 2014 from the OECD, European Commission (EC)
and the OBR are broadly similar to our own of -1.1%, at -0.6%, -1.1% and -1.0% respectively, while the IMF’s best
guess of the output gap is lower at -1.8% (Chart 4). Going forward, we expect the output gap to be slightly positive in
2016 at 0.1%, as do the EC and the OECD with estimates of 0.6% and 0.2% respectively. The IMF and the OBR have a
more pessimistic view with the output gap still negative at -0.5% and -0.2% respectively (Table 1).

Chart 3: OBR output gap central projection and PCA | Chart 5: External estimates of the output gap
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Table 1: Estimates of the output gap

BoE IMF OECD EC OBR

2007 0.5 3.5 3.5 2.3 1.8

2014 -1.1 -1.8 -0.6 -1.1 -1.0

2015 -0.2 -0.9 0.0 -0.1 -0.4

2016 0.1 -0.5 0.2 0.6 -0.2

2017 0.0 -0.2 N/A N/A -0.1

The table also shows different assessments of the output gap prior to the crisis. After several rounds of data and
methodological revisions, the latest estimates of these institutions show that the UK economy was operating above
trend with the output gap ranging from +1.8% to +3.5%. This is in contrast with the MPC’s long held view that the
output gap was stable and only marginally positive in the years before the crisis. In large part, of course, this
difference reflects the use of some form of filtering in the methodologies of other institutions. And this can be
demonstrated most obviously by estimating the output gap using a HP filter in real time as well as with the latest
vintage of data (Chart 5). The real time estimates of the HP filter would have suggested that the economy was
operating around potential towards the end of 2007, but ex post the same measure indicates that the economy was
overheating by over 3% of potential GDP.

Reinforcing that point, the differences between external measures of the output gap and our own view in the pre-
crisis period appear to be driven in large part by different estimates of CAPU - defined as the difference between TFP
and potential TFP where that information is available from externals (Chart 6). More recently, and perhaps
surprisingly given their use of filters, the EC and OECD proxies for CAPU suggest that there is greater spare capacity
remaining within firms than in our own estimates based on business surveys (discussed in detail in the next section).
4
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Chart 4: Ex post vs real time measures of the Chart 6: External estimates of ‘CAPU’
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In conclusion, external estimates of the output gap are broadly similar to our own for 2014, but the degree of
uncertainty regarding the output gap is high as indicated by the range of estimates and by ex-post versus real-time
analysis. While most externals have revised up their pre-crisis estimate of the output gap, we haven’t taken that
view partly due to our different assessment of CAPU.

Risks around our view of capacity utilisation

This section explores the uncertainty and risks around our standard treatment of capacity utilisation (CAPU) and
hence our assumption about the contribution to the output gap from spare capacity within firms. The lines in Chart 7
are constructed by mean variance adjusting three survey measures of CAPU: the BCC, the CBI and the Agents’ annex
scores. A value of zero on this basis is supposed to indicate that companies are operating around ‘normal’ capacity,
ie, a utilisation level that is consistent with inflation at target. The forecast profile is usually based around the mean
of these three surveys on the black line, but in the past few quarters the MPC has chosen to aim down from the
mean slightly as, shown by the May 2015 benchmark profile (in red). Following the recession, firms’ spare capacity
opened up substantially, but has since returned to near pre-crisis average levels, although with significant dispersion
between the Agents series at the bottom of the pack and the BCC at the top (although the latter has fallen sharply in
the most recent data). Agency intelligence would also place more weight on the role of low levels of capital
utilisation in generating additional spare capacity within firms, whereas all the other surveys tend to pick up the
constraints from the binding factor of production which is now most likely to be the labour input.

One of the main problems in translating the business surveys into a quantitative measure of spare capacity is that
the BCC and CBI surveys are qualitative. They only ask firms if they are above or below full or normal capacity, and
therefore do not capture their degree of spare capacity.3 In part to address this longstanding issue, the Bank’s Agents
had the opportunity in February 2015 to include two questions on capacity utilisation in the regular monthly
CIPS/Markit survey.

The main results from the survey,* depicted in Charts 8 and 9, suggested that constraints from labour utilisation
were above ‘normal’ — where normal was defined as the balance of those reporting a constraint on business growth
and those reporting the ability to use existing resources more productively without significantly adding to overall
costs — while constraints from other factors like plant and machinery and space were around normal. At the same

3 The BCC survey question asks: Are you currently operating: At full capacity/ Below full capacity? The CBI question asks: Level of business in
volume terms (above/below normal) t0 service sector firms and /s your present level of output below capacity? (i.e. are you working below a satisfactory
full rate of operation)? to manufacturing firms. The Agents’ survey is partly quantitative: when the Agents assign the score, they have
in mind both how many firms were above/below capacity and also by how much. For the Agents’ scores, each agency produces
a score for the economy as a whole and these are weighted according to the regional shares of GVA. Spare capacity is measured
conditional on firms’ expectations for output over the next six months.

4 The results are described in more detail in
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time, in the second question, almost half of respondents reported capacity to increase sales/output from existing
resources by more than 10%, with 80% of companies having over 5% of ‘slack’, and only a very small number
reporting no ability to raise output without incurring significantly higher total running costs.

Chart 7: CAPU surveys and BMK profile Chart 8: Factor constraints (CIPS/Markit)
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To try to reconcile these results with our current measure of CAPU within companies, it is helpful to distinguish
between the concepts of ‘normal’ and “full’ capacity: companies at full capacity might not be able to expand
production at all in the short to medium term. Companies at ‘normal’ utilisation levels, on the other hand, will be
able to increase production in the short to medium term, possibly incurring additional costs from increased
personnel shifts and materials. The Agents Company Visit Scores (CVS) offer an alternative cross-check on the
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CIPS/Markit results and indicate that currently around 58% of companies are operating at ‘normal’ capacity, while
23% are operating above normal and 19% below (Chart 10).°

How do companies define a ‘normal’ or ‘satisfactory’ rate of capacity? According to the 2013 CBI Industrial Trends
Survey answering practices survey, around half of firms considered operation of around 80-90% to be ‘satisfactory’.
This can be used as a central value to calibrate different measures of spare capacity from business surveys, with
some caveats. For example, the CBI answering practices survey only covered the manufacturing sector; services
sector companies might have a different assessment of what constitutes ‘normal’ CAPU, particularly in some
‘intangible’ or ‘scalable’ types of services such as software and telecommunications.

Table 2 offers a rough estimate of the amount of spare capacity that might be present in the economy, using the
Agents’ CVS to calibrate our assumptions. Based on the CBI survey of a ‘normal’ value of about 85%, column 3
presents a possible distribution around ‘normal’ spare capacity. Based on this distribution, a weighted average of the
CVS in February 2015 suggests that the absolute degree of spare capacity within firms was around 16%. Doing a
similar exercise for the CIPS/Markit results discussed earlier, a weighted average of those results (assuming a
maximum amount of spare capacity of around 35%) suggests a weighted average of 13% of spare capacity. Both
results are broadly in line with our central view from the usual surveys that companies are operating around ‘normal’
levels of capacity utilisation, although there is a large degree of uncertainty around any one particular calibration.

Table 2: Possible distribution of spare capacity across firms based on Agents’ CVS scores

% of firms % of firms
Approximate A imat
roximate i
CVS description capacity PP ] (CVS, (CIPS/Markit,
I spare capacity February [February 2015)
utilisation
2015)
-5or-4 Lots of spare capacity 65% 35% 0.8
-3or-2 Some spare capacity 75% 25% 15.3 46.2
-1tol About normal 85% 15% 66.1
2o0r3 Little spare capacity 92.5% 7.5% 12.1 36.5
4or5 Full capacity 97.5% 2.5% 5.7 18.3

Overall, the latest evidence - including new data from various Agents’ surveys — supports the central judgement
that capacity utilisation is, broadly speaking, around ‘normal’ levels. There is, of course, significant uncertainty
around that judgement dependent on the mapping between surveys, a normal level of capacity and the resulting
inflationary pressures. And, at the margin, the Agents judge that the risks to our central treatment lie to the
downside, due in part to their intelligence on low levels of capital compared with labour utilisation.

Recent developments in (potential) productivity

As discussed in the earlier stocktake presented at pre-MPC (here), the productivity puzzle — defined as the shortfall in
the level of productivity relative to a continuation of the pre-crisis trend — has continued to grow over the past few
years reaching 15% by the end of 2014. We still think that we can explain some, but not all, of that weakness by a
combination of measurement issues and channels such as lower investment and resource misallocation. But it
appears harder to tell the same story for recent weakness in productivity growth, as some of the factors that are
likely to have affected productivity in the midst of the financial crisis are unlikely to have driven recent weakness
(even if there are lagged effects onto supply). Reflecting that, there was a sense from recent MPC discussions that it
is time to let bygones be bygones in terms of the immediate post crisis level hit to productivity, with a more
promising line of enquiry being the (possibly new) factors driving recent weakness in productivity growth.

5 CVS have only been collected since the middle of 2007 so only have a short run of pre-recession data are available. The net
balances have been negative for most of this period and have only just recently become positive: see Chart 10.
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Measured productivity growth has remained weak over the period since 2012 when GDP growth recovered but
growth in labour input surprised significantly on the upside (Chart 11). And the weakness in productivity has been
particularly striking in the period since the start of 2013 when activity accelerated. It was at this point that previous
MPC judgements around the extent of ‘hidden slack’ and ‘endogenous supply’ were tested and, consequently, the
Committee became much less optimistic about the speed and extent of an eventual pickup in productivity growth.
The extent of the weakness depends in part on the exact productivity measure used. Recent dynamics look especially
weak when examined in terms of whole economy productivity per hour, whereas private sector and whole economy
productivity per head measures have been slightly stronger (Chart 11). But the general story remains the same.

Chart 11: Measured productivity growth Chart 12: Actual and potential* productivity
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Developments in measured productivity can, of course, disguise underlying trends in potential productivity to the
extent that there are cyclical influences proxied by changes in spare capacity within firms for example®. That is shown
in Chart 12, which suggests that potential hourly productivity growth was, if anything, weaker than actual
productivity growth in 2013 but in line with measured outturns most recently.

Taking this estimate of potential productivity growth as given, it is interesting to see the extent to which recent
weakness reflects the capital deepening component (defined as the whole economy capital stock relative to

6 The difference between potential and actual productivity growth in COMPASS is given by the following formula:

-dCAPU-(1-a,)*dlgap, where dCAPU is change in capacity utilisation within firms, digap is the change in the difference between
actual and potential hours worked and a, is GDP elasticity to labour.
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potential hours worked, and calculated with a 0.3 capital share) in a standard growth accounting framework, and a
residual potential total factor productivity (TFP) component that mops up all other influences on potential
productivity including: mismeasurement; misjudgement on cyclical versus structural drivers of productivity; spillovers
from measured capital and labour inputs; and longer run trends in technological progress.

Obviously there is considerable uncertainty around any such decomposition, but the key messages of Chart 13 and
Table 3 seem to be:

e The (historically relatively steady) contribution of capital deepening growth has faded further over recent
years compared with both the pre-crisis average and the immediate post-crisis period, but has stayed
positive. This recent weakening reflects a negative contribution from potential hours, whereas the
contribution of capital stock growth has stayed relatively strong, although slower than before the crisis.
Over the past three years, annual capital growth has been around 2% (versus a pre-crisis average of around
4%) (Chart 14). The steady positive contribution of capital stock growth in an environment of relatively weak
and volatile investment reflects the fact that investment growth is transmitted into capital fairly sluggishly. In
the May 2015 Benchmark forecast, business investment growth is still expected to pick up fairly rapidly and
this eventually has a small positive effect on future capital stock growth.

e The broader decomposition reveals that TFP growth has been very weak in recent years (but especially in
2012), subtracting from annual potential productivity growth most of the time, and on average weaker than
during the years following the recession although not as weak as in the most immediate post crisis period.
On average, TFP growth has subtracted 0.8 percentage points from potential productivity growth over the
past three years, compared to a pre-crisis average of +1.4 percentage points. Strikingly, based on these
estimates and assumptions, the absolute level of potential TFP has also fallen as much from peak to trough in
the recent period as in the peak to trough period immediately following the crisis.

Table 3: Contributions to potential productivity (annual growth rates, pp.)

1990-2007 2008-2011 2012-2014
Potential productivity 2.3 0.3 -0.4
Capital deepening 0.9 0.6 0.3
TFP 1.4 -0.3 -0.8

Overall, this growth accounting exercise suggests that, rather surprisingly, the productivity puzzle has remained
largely a puzzle about the weakness of (potential) TFP growth. And, as discussed earlier, it is particularly hard to think
of compelling reasons why the absolute level of TFP should have continued to decline so long after the worst of the
crisis (hence, the OBR’s decision to aim up on these sort of TFP estimates for their own supply projections). The most
plausible candidate explanations are therefore that: either there have been even longer lags from the impact of, for
example, tighter credit conditions onto supply; or that the broader forces holding back the reallocation of resources
towards more productive uses have been even larger and more persistent that we thought previously (despite the
steer from updated micro data estimates shown at pre-MPC that those effects started to abate in 2013 and signs of a
pickup in company births).

A small crumb of comfort is that there have been some signs in the most recent data of a pickup in TFP growth (Chart
13). And an additional reason for optimism around the latest data is that distortions from labour market
compositional effects may be leading us to underestimate the extent of the pickup in productivity and TFP growth, as
well as in wages. For example, the latest staff estimates shown at pre-MPC suggest that those effects reduced annual
average weekly earnings growth in the year to 2014Q4 by around 1pp (Chart 15) so these effects could also have a
material impact on our understanding of recent productivity developments’.

Chart 16 simply strips out our preferred estimate of all compositional effects on wages from the measured hourly
productivity growth series. That suggests that the effects of labour composition on productivity were positive during

7 There is an interesting link between this analysis, and older Bank (WP 280) and ONS estimates of Quality Adjusted Labour Input
(QALI). The latter used a subset of the personal and job characteristics considered by recent staff work to consider the extent to
which longer run trends in, say, educational attainment overstated the improvement in ‘true’ (total factor) productivity.
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the early stages of the recession, as for example companies let go their least productive workers first and hired fewer
new, and initially less productive, workers. More recently, however, the positive compositional effect has turned
negative, leaving the underlying path of productivity growth looking more consistent with the strength that we have
expected to see for some time. And so one interpretation of this story is that the economic channels — like reduced
resource misallocation — that we expect to boost potential productivity growth over the forecast are already starting
to come through in the data.

Chart 15: Compositional effects on wages Chart 16: Hourly productivity adjusted for
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Despite the slightly more positive signs in the very latest data — particularly taking into account compositional
effects — the bottom line of this section is that recent weakness in potential productivity growth is still attributed
largely to weakness in TFP growth rather than the contribution of capital deepening, and hence remains puzzling
and arguably more inexplicable than the weakness immediately following the financial crisis.

Lead indicators of productivity growth

Given the very latest signs of a more positive trend in potential productivity and TFP growth, it is interesting to
consider whether other indicators of productivity suggest that this better news will continue. While there are no
direct leading indicators of productivity, proxies for both current and expected productivity growth can be
constructed using business survey indicators®. The analysis in this section is carried out mainly in quarterly
productivity per head space, as the survey indicators refer to employment rather than hours®.

Chart 17 shows a range of these indicators mean variance adjusted to actual productivity outturns, including for
2015 Q1. These indicators have been able to pick up the main fluctuations in productivity. One measure suggests
growth in productivity per head a little higher in Q1 than in the recent official data, while the other two are lower,
suggesting flat productivity. Chart 18 takes the analysis a step further by weighting the survey measures together
based on their past co-movement with the official productivity data (WSM) in the black line to now and near cast
productivity growth. That suggests weak but positive productivity per head growth in 2015 H1. Finally, Chart 18 also
shows near term forecasts for productivity growth (in both heads and hours space) from the best performing vector

8 The Markit/CIPS, CBI and BCC composite surveys are used. The proxy for current productivity is the reported output balance
minus the reported employment balance, the proxy for expected productivity is the expected output balance minus the
expected employment balance. There is no expected employment balance in the Markit/CIPS survey and therefore no expected
productivity proxy from this survey.

® However, most of the indicators also have forecasting ability in productivity per hour space, which is why some of the results
are reported for both productivity measures. The forecasting ability of quarterly models significantly outperforms those of
annual models.

10 Our standard WSM uses the reported and expected output balances of the surveys to estimate preliminary quarterly GDP
growth. In the same spirit as our standard WSM used to estimate GDP growth, quarterly output per head growth is regressed on
each individual survey proxy for productivity (in real time). The predicted values from each regression are collected, and then
productivity growth is regressed on all of these predicted values together to produce an estimate of quarterly productivity
growth in that quarter.
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auto regression (VAR) models based on the same surveys!!. These model projections suggest a fairly rapid pick-up in
productivity per hour growth through 2015 — above that in the Benchmark forecast — whereas the forecast for
productivity per head growth is weaker, close to the WSM, and below the Benchmark forecast by mid-2015. One
further caveat to these results is that the path for near term productivity will also be affected by the extent to which
recent compositional effects on wages and productivity growth persist, fade or even unwind — discussed in detail in
the Key Issues Meeting 2 supporting note — and these lead indicator models are not well suited to take account of
that factor.

Overall, the evidence from near-term lead indicator models is mixed. Some models suggest scope for a faster than
expected pick-up in hourly productivity growth, whereas the projections for productivity per head point to
weakening dynamics.

Chart 17: Survey indicators of productivity per Chart 18: Productivity nearcasts
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Risks to the productivity projection and the possible implications for inflation and unemployment

In the May Benchmark forecast, growth in whole economy productivity per hour picks up from around %% in 2014 to
annualised quarterly rates of 1%% as early as the beginning of 2016 (Chart 19). It then continues to drift up gradually
to just below its pre-crisis average of 2.1% by the end of the projection.

This recovery in productivity growth is one of the key assumptions underpinning our remarkably benign projections
of GDP growth close to trend, the dogleg in unemployment and inflation close to target in the medium-term. But is it
too good to be true? Two key questions for the outlook, therefore, are: first, whether productivity growth will
(finally) evolve as we expect; and second, to the extent it doesn’t, how big the implications for unemployment,
inflation and, therefore, policy might be.

On the first question, there is a range of evidence supportive of the pick-up in productivity growth we’re pencilling in
over the next year: it’s consistent with the steer from some of our survey-based models of productivity and we don’t
expect the drag from compositional effects to persist. And, further out, productivity growth is sustained by a robust
contribution of capital deepening (blue bars in Chart 19) and the gradual reallocation of resources in the economy.

Nonetheless, as we have discussed many times, the productivity projection remains a huge compromise between the
optimistic view that some of the current productivity levels shortfall will be made up and the pessimistic view that
growth won'’t pick up from its anaemic rates over the past 2-3 years. So, there are risks on both sides of the
projection.

On the second question, if, say, potential productivity turned out weaker than we expected, we would expect this to
be associated with weaker GDP growth as households and firms adjusted down their spending in light of the weaker

1 These models are simple two-variable VARs, whose performance is tested in a pseudo-real time forecasting experiment over
the period of 2000 to 2014. Most of the VAR models outperform a random walk over a three-year horizon. However, the simple
VAR models tend to converge towards long-term growth rates over the forecast horizon, so some caution in interpreting the
results is warranted.
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outlook for supply and, therefore, their permanent income. Inflation would be stronger and unemployment a little
lower for a period until that catch-up in demand had taken place. (The opposite would, of course, be true were
productivity to turn out stronger).

The key factor determining how large the unemployment, output gap and inflation effects would be over the
forecast is how long this process of demand catch-up takes. If households and firms are relatively forward-looking,
and they expect the hit to productivity to persist, then they would adjust their consumption and investment
spending quite quickly in line with their lower current and expected real wages and return on capital. In that case,
GDP growth would track the change in productivity down relatively closely and the implications for the output gap,
unemployment, inflation and, therefore, policy would be fairly limited. If, instead, households and firms are not very
forward-looking, for example, only changing their spending when their real wages and return on capital actually
change then demand would be slower to catch up, leading to a larger and more prolonged impact on
unemployment, the output gap and inflation. In that case, there would be a greater potential role for monetary
policy to hasten the adjustment of demand to mitigate the inflationary consequences of the change in productivity.

There is, clearly, great uncertainty about both the future path of productivity and the size of the macroeconomic
effects of different outcomes, so next we explore risks around both of these.

Downside productivity risk

Between 2012 Q1 and 2014 Q4 productivity growth averaged around zero relative to its historic average of 2.1%.
Although some of that weakness can be explained by compositional effects (Chart 16), the largest part reflects the
residual, TFP (Chart 19 and Table 2). And we have consistently been surprised by the weakness of productivity, as
our forecast errors illustrate (Chart 20). So, it is perfectly plausible that productivity growth remains weak for
reasons we do not understand.

Chart 19: Measured productivity growth Chart 20: Productivity forecast errors
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We therefore explore a downside scenario in which the recovery in productivity growth is more protracted than in
the Benchmark forecast such that the level of productivity is 1% lower by year 3 (the turquoise line in Chart 21).

Households and firms in COMPASS are forward-looking. It is not easy to alter this degree of forward-looking-ness to
directly look at the sensitivity of the growth and inflation projections to different assumptions about this. Instead,
we consider how different the impacts are when households and firms view the change in productivity as permanent
as opposed to when they think it's temporary — which is our best attempt at mimicking different degrees of forward-
looking-ness using COMPASS.

In the case in which households and firms view the change in productivity as permanent — which is our standard
treatment and we think mimics most closely the case where they are relatively forward-looking — demand responds
to the weaker supply relatively quickly and, indeed, has virtually done so by the end of the forecast: GDP is 0.8%
lower by year 3 (turquoise line in Chart 22). But because the demand response still slightly lags supply, the output
gap (Chart 23) is 0.2pp more positive than in the Benchmark forecast, unemployment is 0.1pp lower (Chart 24) and
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inflation 0.1pp higher at the year 2 and 3 points (Chart 25).

productivity is a full 1% lower in this scenario.

These effects are relatively small considering

In the case in which households and firms view the change in productivity as temporary — which we use to mimic the
case where they are less forward-looking — demand responds by around half of the change in supply by the end of
the forecast: GDP is 0.5% lower (purple line in Chart 22). But the effects on the output gap, unemployment and
inflation are correspondingly bigger than in the case above: the output gap is 0.4pp more positive than in the
Benchmark forecast (Chart 23); unemployment 0.5pp lower (Chart 24); and inflation 0.2pp higher at the year 2 and 3

points (Chart 25).

Chart 21: Productivity growth
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Chart 22: GDP growth , downside scenarios
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Chart 23: Output gap, downside scenarios
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Chart 24: Unemployment rate, downside scenarios
%

° 8.0

- 7.0

- 6.0

\— 5.0

, , ] . , L 4.0
2012 2013 2014 2015 2016 2017 2018

—— Downside productivity - slower demand response

—— May 2015 BMK

Chart 25: Inflation, downside scenarios
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Of course, it's difficult to judge how forward-looking households and firms are and, therefore, how quickly demand
might respond to weaker prospects for supply, absent a policy response. On the one hand — and, as a cross-check on
the results above — MASD’s backward-looking sectoral VECM?* implies similar GDP*® and inflation effects to the case
above where households and firms view the change in productivity as temporary. And both the ‘excess sensitivity’
puzzle — that consumption responds more to innovations in current income than theory suggests — and the ‘excess
smoothness’ puzzle — that consumption responds less to innovations in permanent income than theory suggests —
imply that households may take some time to adjust their spending. That may be because households never know
for certain if a change in income is permanent or not and because of credit/liquidity constraints.

But, on the other, given the persistence of the productivity weakness over the past seven years, it might be
reasonable to think that households and firms expect that weakness to continue (which is what we assume in the
case where they view the change as permanent). And, though there have, of course, been many factors influencing
real wages over the past few years, it's notable that the behaviour of real wages relative to productivity over the
recession more closely matches what happens in the scenario in which people view the change as permanent.
Indeed, if we ask COMPASS to find its best joint shock-based explanation of the key forecast variables since the
beginning of the recession, it explains the vast majority of the productivity weakness with the permanent
productivity shock.

Overall, though, we think the risks to the speed of the demand response are probably weighted towards it being
slower than our standard treatment; and, therefore, that the risks to the unemployment and inflation responses are
to the upside of it.}

Upside productivity risks

Given recent experience, it’s harder in some ways to motivate upside risks to the productivity forecast. However,
given the supply stock-take work, we consider two different risks in this section: first, that potential productivity
recovers more quickly than we’re assuming; and second, there is currently more spare capacity within firms giving
more scope for productivity to recover.

Potential productivity risk

Firstly, there is a risk that productivity growth could be stronger, particularly towards the end of the forecast (Chart
19). Currently, productivity growth at the year three horizon is just under 2%. This is a touch lower than the historic
growth rate of 2.1%. Staff models of productivity that try to take account of convergence to the US suggest a
medium-term growth of somewhere between 2 & 2 %:%*. And there are reasons to be optimistic about other drivers
of longer-run productivity growth. As outlined in Sandra Batten and Saara Tuuli’s note on secular stagnation there
are a number of emerging technologies that have the potential to improve productivity in a number of sectors.
Furthermore, the strength of our investment forecast means that capital deepening should be contributing around
0.9pp to productivity growth at the three year horizon (Chart 19) relative to a historic average contribution of around
0.75% over the 1997-2014 period.

We therefore present a scenario where productivity growth is slightly stronger than the central case in the second
half of the forecast (green line in Chart 21), reaching annual growth of 2.3% by year 3. As with the downside risk, the
inflation and unemployment consequences depend on how quickly demand responds to the stronger supply and
permanent income. With our standard forecast treatment, the effects flow through to demand reasonably quickly
and so GDP growth is commensurately stronger (green line in Chart 26) with little effect on the output gap,
unemployment and inflation (green lines in Charts 27, 28 and 29). But if it the lags from supply to demand were to be
longer, GDP growth wouldn’t be quite as strong and more of the stronger productivity would show up in a wider
output gap, higher unemployment and lower inflation (pink lines in Charts 27, 28 and 29).

12 MASD’s sectoral backward looking model. See ‘A sectoral framework for analysing money, credit and unconventional
monetary policy’,

13 Here the initial effect on demand works mainly through lower inflation reducing the real exchange rate and exports, then
consumption follows as actual GDP increases.

14 Although our treatment does assume that agents in the model are somewhat forward-looking - and see the current level of
productivity as a guide to their permanent income - we are not fully at the end of the spectrum. Indeed, we do not assume that
agents can see future deviations of productivity growth from the baseline, which would give even more front-loaded effects.

15 See Marko Melolinna’s recent note on UK/US convergence.
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Chart 26: GDP growth, upside scenarios
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Chart 27: Output gap, upside scenarios
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Chart 28: Unemployment rate, upside scenario
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Chart 29: Inflation, upside scenarios
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Spare capacity within firms risk

Secondly, there is a risk that there is currently more spare capacity in firms than we assume in the central case. For
example, the Agents’ view is that there’s a downside risk to our central treatment of CAPU, on the basis of
intelligence they’ve collected on low levels of capital vs labour utilisation.

A larger margin of spare capacity in firms is consistent with both potential productivity having been stronger and the
demand headwinds having been greater over the past than we currently assume. To illustrate the potential effect of
there being some spare capacity in firms we reduce the level of capacity utilisation in firms by 0.5% (Chart 30). And
we assume that this additional spare capacity has been opened up by demand headwinds which will fade over the
forecast horizon. As those demand headwinds fade, this boosts productivity and GDP by 0.5% over the forecast (blue

lines in Charts 21 and 31).

There is an additional margin of spare capacity throughout the forecast (Chart 30) which lowers firms’ marginal cost

and leaves inflation 0.1% lower throughout (Chart 32).
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Chart 30: Spare capacity within firms Chart 31: GDP growth, CAPU scenario
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Chart 32: Inflation, CAPU scenario
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Section 2: Labour supply

The Labour supply forecast and key changes made this round

As discussed in the various notes circulated ahead of the April policy meeting, the supply stocktake led to a number
of changes to our assumptions on labour supply in the May Benchmark forecast ( for a
summary). The main changes were:

A lower trend for the participation rate. We can find little evidence of a substantial cyclical rebound in
participation still to come, with some of the most likely cyclical movements in participation amongst the
young and those nearing retirement appearing to have largely unwound. Over the forecast, the trend
remains flat (at a lower level) as the opposing forces of demographic effects and people working for longer
into old age are expected to broadly net out.

A slight increase in the average hours gap. Despite the strong recovery in average hours, there remain signs
of underemployment, particularly amongst part-time workers. Econometric evidence suggests that workers
are typically happy with a smaller number of additional hours than they originally say they want, leading us
assume that only part of the increase in desired hours will feed through to actual hours. The continued signs
of underemployment, despite the latest pickup in average hours, have led us to revise up our estimate of the
trend slightly, leading to a larger gap. Over the forecast, the trend for average hours falls very slightly due to
demographic effects.

Stronger population growth due to migration. Net inward migration has been much stronger than assumed
in the ONS population projection used in the LFS data and the February IR. We have revised up population in
the back data to reflect this news, and assumed stronger population growth over the forecast (consistent
with migration returning to its average over the past decade).
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The overall impact was to reduce our estimate of the output gap in 2015Q2 slightly from 0.5% to 0.3%, and change
its composition (Table A). But the boost to population growth means that overall labour supply is little changed,
either now or at the end of the forecast.

Key risks and uncertainties
The overall amount of slack in the labour market is Table A

assumed to be around %% in 2015 Q2 (partly offset in

terms of the output gap by capacity utilisation within Contributions to the output gap
firms being slightly above normal). As always, there is

substantial uncertainty around any such estimates, and Feb IR May bmk
the rest of this section considers some of the key risks to a1 Q2 a1 Q2
each of the components of labour supply. These risks can
either relate to the current level of slack (have we got | Unemployment | -0.2 -0.2 -0.2 -0.1
the current trends in the right place) or how the trends
will evolve over the forecast (have we got the slopes of | Average hours 0.0 0.0 -0.3 -0.2
the trends right). A number of alternative assumptions —
are discussed below, and the potential impacts of these Participation -0.6 -0.5 -0.2 -0.1
on labour s.upply_/, as measured by total hours worked, CAPU 103 0.2 102 102
are summarised in Table B below.

Total -0.6 -0.5 -0.4 -0.3

Participation. There are risks to both the current participation gap and the trend over the forecast. On the former,
the proportion of the (16-64) population that is inactive but would like a job — a potential indicator of cyclical
discouraged workers — has returned to its pre-crisis level, potentially indicating no gap at all (and labour supply 0.2%
lower — assumption A in Table B). But some econometric estimates could imply a larger gap, with the upper end of
those estimate implying labour supply is 0.8% higher (B) . Over the forecast, either of the
opposing forces of demographics and increasing older participation could start to dominate (assumptions C and D).

Average hours. The main upside risk on average hours is that more of the increase in desired hours will feed through
into actual hours. That would imply a higher current trend level for average hours. If all of the Bell & Blanchflower
measure of desired hours represented genuine slack, that would add 0.7% to labour supply (E). Set against that, the
stocktake also highlighted that a substantial part of the improvement in average hours had come from people taking
less holiday . If that were to prove to be a temporary phenomenon, it could reduce labour
supply by up to 1.4% (F).

Unemployment. There are a range of factors that could have pushed down on the equilibrium unemployment rate,
such as demographics, technological change and changes to the tax and benefit system, but recent increases in
recruitment difficulties could also suggest a higher equilibrium rate. It is difficult to calibrate the precise impact of
these different factors, but an equilibrium rate that is higher or lower by around %pp seems quite plausible (H and I).
Removing the wedge between our current estimate of the medium-term equilibrium rate and the long-run
equilibrium rate would make relatively little difference to labour supply (+0.2%) (G).

Population / migration. The risks around population are forward-looking. There is a great deal of uncertainty about
how migration will evolve. For example, a further increase from the current level of just under 300k per year to 340k
per year (a little above the previous peak of 320k in 2005) would add %% to labour supply by the end of the forecast
(J). By contrast, a return to the ONS’s assumed 165k could reduce it by 0.3% relative to the Benchmark forecast (K).
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Table B
Alternative assumptions on labour supply

(impact on level of total hours worked)

Assumption Affects current | By the end of
level the forecast

Current estimate of labour market slack in 2015Q2 (0.5%)

Participation

A | No cyclical gap remaining (in line with number of inactive wanting a job) -0.2%
B | Larger cyclical gap (top end of empirical estimates) +0.8%
C | Older participation rates flatten off (demographic drag dominates) -0.7%
D | 65+ participation rates continue to rise more rapidly than pre-crisis +0.2%

Average hours

E | All of the increase in desired hours (Bell & Blanchflower) is genuine +0.7%

F | Reduction in holiday proves to be temporary / cyclical -1.4%

Unemployment

G | Eliminate the wedge between U* and long-run equilibrium rate +0.2%
H | Trough in unemployment in 2004-05 (4.7%) was the long-run equilibrium +0.4%
| | Long-run equilibrium is 5%%, rather than 5% -0.5%
Population
J | Migration increases from 298k to 340k and stays there +0.5%
K | Migration returns to 165k assumed in ONS projections -0.3%

Overall, under the extreme assumption that all the risks crystallised in one direction, the alternative assumptions
presented here could imply a current level of labour market slack 2pp either side of our estimate, and lead to
changes in the trend for labour supply over the forecast worth % -1%. In reality, the plausible range may be even
wider than that. The next section looks at the impact of alternative assumption about labour supply on the forecast.

We think that the risks around most of the components of labour supply are broadly balanced, but if anything, the
risks to the equilibrium unemployment rate might be weighted slightly to the upside for labour supply (ie. a lower
equilibrium rate). More generally, the surprising weakness of wages over the past 18 months poses a challenge to
our view that there is little slack left in the labour market. We need to find alternative explanations for that
weakness in wages, and that will be the topic for the second Key Issues Meeting

Implications of shifts in labour supply for the broader forecast

In this section we consider the implications of altering our labour supply assumptions for other key forecast
variables. We focus on an upside risk where labour supply is stronger than we assume in the BMK forecast, but the
results can be reversed for scenarios with weaker labour supply.
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The scenario raises the level of labour supply over the past by 0.5%, and then by a further 0.5% over the forecast
(blue line, Chart 33). There are number of ways of motivating this scenario - for example it is akin to combining the
trough in unemployment risk over the past (Table B, Risk H), with the upside migration risk over the forecast (Table
B, Risk J). Over the past, GDP is fixed and so the stronger labour supply assumption mechanically feeds through to
widen the starting point output gap in Q1 2015 by 0.4pp (red line, Chart 33). Over the forecast GDP growth is around
0.1pp stronger than in BMK (Chart 34) as the level of demand partially catches up to the stronger supply profile.
However, this adjustment is not full (compare red and blue lines, Chart 35) as it takes time for agents to respond to
the stronger supply profile. This means that the output gap is wider throughout the forecast (red line, Chart 33). The
wider output gap leaves wage growth on average 0.3pp lower throughout (Red line, Chart 36), and inflation 0.2pp
lower at year three (blue line, Chart 36). Of course, were agents to respond more quickly then the growth effects
would be larger, and the inflation effects smaller, as more of the demand catch-up would occur over the forecast
horizon.

In this scenario we assume that all of the components of labour supply transmit through to other variables in the
same way. But it's plausible that different components could have different effects. For example, given that a
number of migrants come to the UK with jobs, you might expect the increases in population to result in stronger
employment more quickly than say an increase in people’s desire to participate. And migrants may have different
levels of productivity, on average, than UK nationals.

Chart 33: Potential hours and the output gap Chart 34: GDP growth
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