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Modelling the Long-run Economic Impact of Leaving the European
Union

We model the long-term implications of leaving the EU for the UK economy using NiGEM, the
National Institute’s large scale structural global econometric model. We examine a scenario in which
the UK has no free trade agreement with the EU, focusing on four key shocks: a permanent
reduction in the size of the UK's export market share in EU member countries, an increase in tariffs,
a permanent reduction in inward FDI flows and the repatriation of the UK’s projected net
contributions to the EU budget. We calibrate the size of the shocks on a synthesis of the academic
evidence. We explain how each of these four shocks is implemented in NiGEM, as well as examining
the key mechanisms by which they are propagated through the model. The export market share
channel is the main mechanism by which leaving the EU leads to declines in GDP and consumption
relative to the long-run baseline, accounting for a long-run decline in GDP of 2.1% relative to the
baseline value, out of a total projected reduction in GDP relative to the baseline of 2.7%.
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1. Introduction

The aim of this paper is to analyse the long-term implications of leaving the EU for the UK economy.
A key question concerns the counterfactual: What would the relationship between the UK and the
rest of the EU, and the rest of the world, look like after a UK exit from the EU? In this article, we
focus on a 'WTO' scenario, in which the UK no longer has a free trade agreement for goods or
services with the EU."

We model the impact of leaving the EU on the UK economy using NiGEM, the National Institute
Global Econometric Model, a multi- country structural Keynesian style general equilibrium model.
NiGEM'’s global nature and explicit trade linkages make it particularly well-suited to modelling the
impact on the UK economy of shifts in trade policy. NIGEM is general equilibrium in nature, so that
both prices and quantities adjust over time. Moreover, it incorporates endogenous monetary and fiscal
policy responses, which are clearly important when dealing with the kinds of adjustments that leaving
the EU might bring. It was also used in unconnected studies by the OECD and HMT for their analysis of
the same question. We provide a more detailed overview of NiGEM and its properties in the technical
appendix.

We focus on four of the best understood economic implications of leaving the EU: reductions in
trade with EU member countries, a modest increase in tariffs, a reduction in inward FDI flows and
the repatriation of the UK'’s projected net contributions to the EU budget. For each of these four
shocks, we present the size of the shocks, how they are implemented, and the key mechanisms by
which they are propagated through the model.

The reduction in trade with the EU, modeled as a decline in the UK's export market share in the EU, is
by far the most quantitatively important channel by which leaving the EU affects the UK economy. This
reduction works like a demand shock to UK exports, and is accompanied by declines in UK export prices
and a sharp depreciation in Sterling.” The depreciation in Sterling feeds through into higher import
prices, and inflation. The higher import prices and lower export prices lead to a persistent deterioration
in the terms of trade. That is, the loss in market access to the EU leads the UK to both trade less, and to
benefit less from that trade which remains. As a result, GDP, consumption and real wages all fall
compared to the counter factual of remaining in the EU.

The resulting negative demand shock, coupled with the surge in inflation, would also put the Bank of
England in a challenging position in the years immediately after a decision to leave the EU. We assume
that the Bank would 'look through' the rises in inflation during this transition period, but would tighten
policy once it reverts to a Taylor rule (calibrated with parameters from the Bank's Compass model)
beginning in the third quarter of 2018. The decline in demand for UK exports is more persistent than the
inflationary effect from Sterling's depreciation, so in the longer term we see a modest loosening of
monetary policy due to the trade impact of leaving the EU. However, this loosening is unable to fully
counteract the long-run declines in economic activity relative to the baseline of remaining in the EU.

The repatriation of EU contributions does have a positive impact on GDP: However, the size of the UK's
net contributions to the UK, estimated to be 0.3% of GDP in the relevant time frame, is simply too small
to outweigh the negative impact of reduced trade and FDI, and increased tariffs.

Taking all of the shocks related to leaving the EU together, we find that in the long run, defined as being

1 In the Ebell and Warren (2016),published in the May issue of the National Institute Economic Review,
we also present results from scenarios involving continued close trading links with the EU, based on
Norways' EEA membership and Switzerland's bilateral agreements.

2 [tis important to emphasize that all declines are relative to the baseline of remaining in the EU.



15 years after a decision to leave the EU, GDP is projected to be 2.7% lower than in the baseline
forecast in which the UK remains in the EU. Real wages fall somewhat more, by between 4.6%.
Consumption is also hit somewhat harder than GDP, falling by 4.0%.

In this article, we focus on the modeling of long-run shocks to the UK economy after leaving the EU
in NiGEM, and on the mechanisms by which each of these shocks affects the model economy.
NiGEM allows the UK economy to adjust to its new situation in a variety of ways, and some of these
adjustments tend to temper the negative impacts of Brexit in the long run. We first briefly present
the scenario and its assumptions, before discussing the modeling of the shocks and the economic
mechanisms at work in detail. Then, we bring all the shocks together and show the relative
contributions of each shock to the final impacts on GDP and other key macroeconomic variables.
Next, we examine the sensitivity of our analysis to the flexibility of export prices. Finally, we
compare our modeling approach and results to the OECD (2016) and HM Treasury (2016), the two
other studies which used NiGEM to model the potential impact of leaving the EU on the UK economy
in the long-run. We attribute much of the difference in results to the productivity shock included in
these two comparator studies. Indeed, introducing a 5% productivity shock into our WTO scenario
brings our results into line with those of the OECD (2016) and HM Treasury (2016). The final section
offers some conclusions.

2. The WTO Scenario

In this article, we focus on a WTO scenario in which the UK has no free trade agreement with the
EU.? In this scenario, we focus on four clear economic implications of leaving the EU: reductions in
trade with EU member countries, a modest increase in tariffs, a reduction in inward FDI flows and
the repatriation of the UK'’s projected net contributions to the EU budget. We base the size of each
shock based on a synthesis of the academic evidence.”

Table 1 summarises the magnitudes of our four shocks. We base the size of the reduction in trade
with EU member countries on gravity model estimates of the impact of leaving the EU, treating
goods and services separate. We base our estimate of the reduction in goods trade with the EU on
the evidence presented in Baier, et. al. (2008), whose estimates imply that leaving the EU would be
associated with a decline in EU trade of between 50% and 56%. We take the midpoint of 53%. We
base our estimate of the reduction in services trade with the EU on van der Marel and Shepherd
(2013), whose estimates imply that leaving a free trade area would lead to a reduction in services
trade of 43%. We take a weighted average of these two figures, taking into account that in 2014,
72.4% of trade with the EU was in goods. The resulting decline in total UK trade in goods and
services with the EU is 50%. °

In addition, if the UK no longer had a free trade agreement with the EU, we would expect tariff
barriers to rise on EU trade. The average WTO most-favoured-nation (MFN) import tariff is 9%. We
assume that an average tariff of 5% would be applied to trade in goods and services with the EU.

A large body of empirical evidence links inward foreign direct investment (FDI) flows to openness.
We base our estimates of the impact of leaving the EU on inward FDI flows on the estimated
relationship between openness (measured as the trade share of GDP) and FDI reported in

3 In Ebell and Warren (2016), we also consider scenarios involving continued close trading links with the
EU, based on Norway's EEA membership and Switzerland's bilateral agreements.

4 We present this synthesis of the evidence in more detail in Ebell and Warren (2016).

5 In Ebell and Warren (2016) we also consider 'pessimistic’ scenario that total trade in goods and services
with the EU declines by 72%, based on estimates in Egger, et. al. (2011).



Ramasamy and Yeung (2010). Their estimates imply that leaving the EU would reduce inward FDI to
the UK by 24%, which corresponds to a reduction in UK private sector investment of 3.5%.° We note
that HM Treasury (2016) arrives at similar magnitudes based on its reading of the evidence from
gravity models of FDI flows, as does the synthetic control approach favoured by Bruno, et. al. (2016).

Finally, we base our estimates of the size of repatriated net contributions to the EU on the average
of the Office for Budget Responsibility's projections for the UK public sector net contributions
between 2017 and 2020, which corresponds to 0.42% of GDP.” We also add a projection of UK
private sector receipts from the EU (mainly research funding) of 0.08% of GDP, based on their
average value between 2009 and 2015 from European Commission accounts. Thus, the projected
savings in net private and public sector contributions to the EU is 0.34%, which we round to 0.3%.

3. Modelling the economic implications of leaving the EU

In the simulation, the shocks are applied onto the baseline forecast created from the short-run
analysis, described in Carreras, et. al. in this issue. Specifically, with the introduction of each new set
of shocks (two trade effects, FDI and changes to the budget) we create a new baseline and revert
any model changes from the previous shock back to the standard set of simultaneous equations.
This allows us to partial out the impact of each shock separately. We then proceed to adjust the
model as required for the next set of shocks, we repeat these steps for each set of shocks. Once all
the sets of shocks have been run, we compare the final results to the original forecast baseline (April
2016).

There is a consensus in the academic literature on empirical gravity models of trade that membership in a free
trade area is associated with increased bilateral trade flows between members.®? The estimated reductions
in trade from leaving a free trade agreement in the papers reviewed in Ebell and Warren (2016)
range between 50% and 72%, as described in the previous section. In this article, we focus on the
lower of these two estimates.

A key interlinkage in NIGEM is trade between countries. Each country has aggregate export and
import volume equations which take an error correction form and are given by;

(1) Alog(xvol,) = B Alog (”m"m ) + B2 Alog(Sy) — A (log ("V"lt 1) + a log (—”’“"C"m ))
t—1

cpx

(2) A 10g(mvolt) = BsAlog(tfe,) + B4 Alog(rpm,) — A, (log(mvol,_;) + a; log(rpm,_;) +

Equation (1) states that in the short run export growth (Alog(xvol,)) is determined by the price of
non-commodity exports (pxncom) relative to the trade weighted average of competitor’s exports
prices in SUS (cpx), a measure of relative competitiveness, and the export market size (S). S; is the
weighted sum of the relative importance of that country’s exports to the import countries. Equation

6 See Ebell and Warren (2016) for a more extensive overview of the empirical FDI literature and a more
detailed explanation of Ramasamy and Yeung (2010)'s implications for the UK's inward FDI flows if it
were to leave the EU.

7Webb and Keep (2016). Also, see Ebell and Warren (2016) for a more extensive treatment of the UK's
net contributions to the EU.

8 We review some of the key papers in this literature in Ebell and Warren (2016). See Head and Mayer
(2014) for a more comprehensive overview.



(2) states that in the short run import growth depends on total final expenditure (tfe) and the real
import price (rpm) in domestic currency deflated by the consumption expenditure deflator.

The equations for exports and imports both also include error correction terms. Exports error
correct back to equilibrium around relative competitiveness and exports relative to export market
size, while imports error correct around import volumes, real import prices and total final
expenditure.

Trade is driven by the demand side (imports). This implies that no country can export unless a
counterparty is willing to import, and exports merely adjust to ensure global consistency. As a result
it is unadvisable to shock the export equation of the affected country directly. One possible way to
achieve a reduction in UK exports would be to shock the import demand equations of the UK’s
trading partners, and then to provide offsetting shocks to the export equations of all other countries
such that their exports are unaffected by this fall. As a result the global consistency of the model
implies that UK exports to the target countries (the EU) would fall, without affecting exports of other
countries to the EU. However, this approach has two drawbacks. Firstly, this implies that a large
number of shocks would have to be applied. Secondly and more significantly, the calibration of these
shocks is not straightforward. It is not implausible to expect spillovers in trade to close economic
neighbours; by applying a large number of shocks, inference of the domestic and international
effects become less clear.

Instead, we model loss of access to EU markets through the export market size variable S; in (1).

This variable is given as the weighted sum of imports, weighted by exports (to country n) relative to
import market size (of country n).

(3) S = Zgu Peu eeumUOZt,eu + ZSW brw mvozt,rw

Where the subscript eu or rw represents a country in the EU or the rest of the world and the term €
is the scaling factor applied to EU weightings only. This scaling factor allows us to mimic the effect of
a fall in import demand from EU countries as a result of non-tariff barriers. If €., falls to 0.5 this
implies a halving of the size of EU import markets for the EU. We assume that the variable
transitions to its new post-Brexit level linearly over two years beginning in 2017 Q1, after which it
remains at its new equilibrium level to the end of our scenario period. As a result, export volumes
(ukxvol,;) fall, as illustrated in Figure 1. The decline in export demand feeds through into a
depreciation in Sterling, as illustrated in Figure 2.

The exchange rate depreciation feeds through into a decline in aggregate export prices, both to the
EU (pxnceu;) and to the rest of the world (pxncrw,) (Figure 3), as a depreciation in Sterling makes
UK exports cheaper in foreign currency terms:

(4) Alog(pxnceu,) = BsAlog (ced,rx;) + BgAlog (ced,_ rx._1) — Az(pxnceu + a,cpx)
(5) Alog(pxncrw,) = BsAlog (ced:rx;) + BsAlog (ced;_1rx¢_1) — Az(pxncrw + a,cpx)
(6) pxncom; = 0 pxncuk, + (1 — 6)pxncrw;

In addition, the depreciation in Sterling makes imports more expensive, leading to an increase in
aggregate import prices (pmncom;). The increase in import prices leads to drops in import volumes
(Figure 4).



We chose to offset some of the effect onto export prices through a shock to the price of non-
commodity exports.” There are two reasons for this offset. One motivation is the observed
behaviour of export prices between 2007 and 2009, when Sterling depreciated by25 per cent in
effective terms. Only around half of this depreciation was passed through to export prices,,
suggesting that exporters choosing to widen margins rather than increase market share (Kirby et
al,2016). In addition, given the large magnitudes of the depreciation, many export firms might not be
able to absorb the corresponding falls in export prices without exit from the market, as firm
bankruptcy is not explicitly modelled within NiGEM.

The depreciation in Sterling and the higher import prices also feed through into inflation (Figure 5),
which leads to a temporary tightening of monetary policy by the Taylor rule (Figure6).'® The declines
in GDP and consumption relative to baseline are displayed in Figures 7 and 8. The declines in export
market shares cause GDP to increase slightly, by 0.2% relative to baseline in 2017. The reason is that
the forward-looking exchange rate depreciates quickly, providing a mild stimulus to the economy,
while the export market share declines are only just being phased in. Once the export market share
shocks are fully phased in, GDP is lower than its baseline. Aggregate consumption declines more
than GDP mainly due to the persistent terms of trade deterioration (Figure 9) caused by rising import
and falling export prices.

We assume that the EU countries impose tariffs on UK exports (and vice-versa), while tariffs with the
rest of the world remain the same. To do this we split the UK non-commaodity export price equations
into EU and rest of the world export prices, equations (4) and (5) respectively. These two series are
then weighted by the proportion of exports to the EU and the rest of the world in total trade to
create the aggregate series pxncom; (equation 6) which feeds into the export equation (1). As with
the other behavioural equations in NiIGEM, the export price equation is in error correction form.

We apply a shock which shifts the intercept in equation (4) such that export prices to the EU are
increased by 5 per cent on impact in the third quarter of 2018, corresponding with the end of the
two-year Article 50 negotiation period. Thereafter, throughout the simulation period, we impose a
smaller shock to partially offset the error correction term in (4), A3, so that the shock is persistent.
We calibrate these offsets so that by the end of our scenario period, the price of non-commodity
exports is 2 per cent higher than the baseline value. This can be interpreted either as the UK
eventually reaching agreements on lowering tariffs with the EU, or as a shift in the composition of
UK exports towards goods or services with relatively lower tariff burdens.

As the tariff is two-way, we also need to apply analogous shocks to the export prices of EU countries
to the UK. We do this by splitting the export price equations for EU countries into UK and rest of the
world components, and applying the tariff shock described above to EU export prices to the UK.

In order to take into account that for every exporter there is a counterparty importer we also need
to adjust the non-commaodity import price equations. These are given by equation (7) below, where
import prices are given as the trade weighted sum of exporter’s non-commodity prices

9 We discuss calibrations of this shock and the sensitivity of our results to it in more detail later in the
paper. Briefly, we apply an initial shock to the error term, and then for each period afterward we apply a
smaller shock which offsets the error correction term calibrated to provide the same profile as price of
non-commodity exports without the additional shock.

10 We assume that monetary policy reacts via a standard Taylor rule, which has been calibrated according
to the parameters used in the Bank of England’s Compass model.



(7)  pmcom, = Xg ¢pn pxncom,

For each EU country we replace the price of non-commodity exports (pxncom) from the UK with
either the left hand side of (4) or (5) depending on whether the country is part of the EU or not. We
repeat these steps analogously for the UK’s import prices, taking into account the tariff on EU
exports to the UK.

While the export market share shock lowered UK export prices while increasing UK import prices. In
contrast, the tariff shock increases both UK export and import prices, but the impact is much smaller
in magnitude. This is illustrated by the green bars in Figures1 and 10, which show the impact of the
5% tariff shock on UK export and import prices, respectively. In line with these price movements, the
tariff shock causes both UK imports and exports to fall, but again the magnitudes are small
compared to the impact of the export market share shock. Also, the rise in import prices is modestly
inflationary in the short-run (grey bars in Figure 5), and contributes to a monetary tightening under
the Taylor rule, as illustrated by the Figure 6. This leads, by uncovered interest rate parity, to a small
temporary appreciation in Sterling due to the increase in tariffs, peaking at a 0.6% increase relative
to base in 2019 (Figure 2). Again, however, this appreciation is much smaller in magnitude than the
depreciation via the export market share channel discussed in the previous sub-section. The impact
of the tariff shock on GDP and consumption is given in Figures 7 and 8: Again, the impact of the tariff
shock on GDP and aggregate consumption is small compared to the impact of the export market
share shock. In addition, the impact of the tariff shock is somewhat greater on consumption than on
GDP. The larger impact on consumption is as a result of the rise in import prices, coupled with a rise
in the interest rate due to the monetary policy tightening, which causes agents to shift away from
consumption and towards savings.

There is a consensus in the academic literature that membership in a free trade agreement leads to
increased inward FDI flows."" We base our estimates for the decline in inward FDI flows on
Ramasamy and Yeung (2010)'s estimates of the impact of openness on inward FDI flows, together
with declines in openness corresponding to the declines in trade flows from the gravity literature.
The resulting estimates for the decline in FDI inflows to the UK are quite similar to those reported in
HMT (2016): 24 per cent for the WTO scenario, compared to 18— 26 per cent in the Treasury’s WTO
case, although our estimates were obtained using a different methodology. A reduction in inward
FDI of 24% corresponds to a decline in UK private sector investment (PSI) of 3.5%."> We calibrate a
shock such that UK PSI decreases by 3.5% relative to its non-Brexit baseline by the end of the
scenario, coupled with a corresponding permanent negative shock to the balance of payments.
These shocks are applied at the end of the assumed two-year Article 50 negotiation period in 2018
Q3.

We approach a decline in FDI flows into the UK as a result of exit from the European Union simply as
a fall in investment; this departs from other studies which assume that reductions in FDI are
associated with reductions in productivity (see HMT 2016, OECD 2016). The capital accumulation
and the corresponding investment flow equations are given as follows,

Alog (ky) = Pgdlog (ki-1) + Body:r + Prodye-1 — Aq(ke-1/ycapeis2) + sigma, * usery)

11 For a review of the academic literature on the impact of free trade agreement membership on inward
FDI flows, see Ebell and Warren (2016).
12 See Ebell and Warren (2016) for details of how we arrive at these figures.



(9) inve = ke — (1= 8k

where, user is the user cost of capital (user;) is a function of the long real rate, investment premia
and the corporate tax rate, ycap; is the potential output given by the mix of capital, labour, labour
augmented technical progress and energy given in the production function. Equation (9) shows that
the capital stock adjusts to the new equilibrium path given the ratio between the capital stock in the
previous period and expected potential output 3 years in the future. Investment then adjusts so the
capital stock moves towards this desired equilibrium value. We apply the shock as a small negative
shift to the intercept of the capital accumulation equation (9) in each period for the entire the
simulation period. Figure 11 shows the impact of this shock on UK private sector investment, which
indeed falls by 3.5% relative to its baseline remaining in the EU in the long term.

Alongside the shock to the capital stock, we would also expect there to be an effect on the current
account due to the fall in inward flows of FDI. We model this through the balance of payments
transfers, which is given by the simple equation,

_ ItXPYe
(10) bpt, = T
That is, the balance of payments transfers grow in line with nominal GDP priced in dollars. We

calibrate the fall as a fall in the percentage of nominal GDP in dollar terms and then apply the shock
as an additive (negative) shift in each period.

Figure 11 shows the impact of the shock on private sector investment, while Figure 6 shows that the
FDI shock contributes to the monetary policy loosening, as the assumed Taylor rule would be
projected to soften the blow on the economy. This loosening leads to a depreciation in Sterling via
uncovered interest rate parity, and as a result, the FDI shock leads to a decline in export prices
(Figure 3), anincrease in import prices (Figure10) and the corresponding increases in exports and
declines in imports. The impact of the FDI shock on GDP is small and negative (green bars in Figure
7), but the FDI shock on its own leads to a small increase in consumption, as illustrated in Figure8.
This is due to the impact of lower interest rates due to monetary policy loosening, which cause a
shift away from savings and towards consumption.

The UK is a net contributor to the EU budget: we contribute a larger amount to the UK budget than
we receive back in EU spending. The amounts involved are fairly small, however. Between 2017 and
2020, the UK's contribution to the EU budget, net of both public and private sector receipts from the
EU, is projected to average 0.3% of GDP.'*> We assume that if the UK left the EU, the government would
use the repatriated contributions to increase spending, specifically government consumption, and
also make an appropriate adjustment to the balance of payments. We assume that the repatriation
of the UK’s net contributions to the EU would take effect in the 3™ quarter to 2018, after the end of
the two year Article 50 negotiation period. We implement this shock as an improvement of the
budget position. We chose this option rather than a reduction in government spending as the latter
would imply a negative effect on GDP emanating from multiplier effects. The budget is given by the
following identity,

(11)  bud; = tax; + mtax, + ctax; — gcvy — givy — tran, — ip;

13 These projections are based on OBR and HM Treasury projections, as reported by Webb and Keep
(2016), together with EU data on EU spending in the UK.



The budget is therefore the difference between the incomes generated by tax receipts, comprising
direct taxes (tax;), corporation taxes (ctax;) and miscellaneous taxes (mtax;), and the outlays from
the nominal values of; government consumption gcv,, investment giv,, transfers tran; and interest
payments on government debt ip;. The model includes a solvency rule, which we chose to leave on;
this solvency rule adjusts the direct tax rate so that incrementally in each period the budget moves
back towards its target. More formally the change in the direct tax rate is given by,
budtarget _bud )

t

y t Y
pit

S’tPYHP(

(12) Ataxry =

Where, py; is the GDP deflator and pi; is personal income.

The repatriation of the contribution to the budget implies an improvement in the balance of
payments transfers. We apply the shock in a similar manner to that of the FDI shock except that in
this case it we would expect an improvement in the balance of payments. We calculate the absolute
value of the balance of payments improvement in dollar terms given the percentage of GDP and
apply this as an additive shift in each period. Furthermore, we apply the opposite of this BPT shock
across the remaining member nations weighted by their relative contributions to the EU budget, to
simulate an increase in contributions to keep the EU budgets for the rest of the EU at the same level.

We finally make the assumption that with the extra budgetary space is used by the government for
consumption purposes; this equation is given by

(13) Alog (gct) = Br2(log (gee—1) — log (ycapes1))

We apply the shock as a shift to the intercept calibrated such that it represents the increase in real
government consumption as a percentage of GDP that would be implied from the improvement in
the budget.

The repatriation of EU contributions has a small stimulatory effect. This leads to a very small and
temporary increase in GDP of at most 0.15% compared to the baseline (the blue bars in Figure7).
This leads to a modest tightening of monetary policy, and a small appreciation in Sterling. Overall, a
repatriation of 0.3% of GDP in EU contributions is too small to have more than a very marginal
impact on macroeconomic variables.

4. Modelling the total impact of leaving the EU

We now bring together the four shocks discussed in the previous section, and examine their
combined impact on the UK economy after leaving the EU.

Table 2 summarises the main results for key macroeconomic aggregates. We focus on the long-run
implications for the UK economy and compare outcomes for our WTO scenario to the baseline of
remaining in the EU in the long-run.

The loss in EU market share would result in long-term declines in total trade of around 21 per cent.
The resulting decline in GDP relative to the long-run baseline is projected to be 2.7 per cent. The
impact on households is projected to be stronger: real consumer wages are projected to fall by 4.6
per cent, while consumption is projected to drop by 4.0 per cent, both relative to the 2030 baseline.

From Figures 7 and 8, it is apparent that the export market share channel is the predominant
mechanism by which leaving the EU leads to declines in GDP and consumption relative to the long-
run baseline. The export market share channel accounts for a decline in GDP of 2.1% relative to the



long-run baseline, while FDI accounts for a further 0.3% decline, and the tariff channel for only a
0.1% decline in GDP relative to baseline. The positive impact on GDP of repatriating the net
contributions to the EU is so small that it rounds to zero. This is due to the relatively small size of the
UK’s net contributions to the EU compared to GDP.

The larger impact of leaving the EU on consumption than on GDP can also be traced mainly back to
the export market shares channel. Via the export market channel (the red bars in Figures 7 and 8),
the decline in consumption relative to baseline is 2.8% rather than 2.1% for GDP. The persistent
deterioration in the terms of trade due to the export market share channel means that imports and
hence the consumption basket become more expensive relative to goods produced in the economy.
This greater price increase for consumption rather than GDP leads to a greater decline in
consumption relative to the decline in GDP. Real consumer wages are also subject to thisterms of
trade effect coming in via the export market shares channel.

5. Senisitivity Analysis

In the previous section, we showed that most of the impact of leaving the UK on key macroeconomic
aggregates such as output, consumption or the exchange rate was due to the shock to export market
shares. Export prices are a key variable in the transmission of this shock: The more flexible are
export prices, the more that falls in export market share might be ‘cushioned’ by increases in export
demand due to more competitive pricing.

In this section, we examine the sensitivity of our results to the flexibility of export prices. We allow
both for more flexible and less flexible export prices, and examine the impact on the magnitudes of
the declines in exports and on GDP. . As described in the previous section, we mimic the recent
trend in the amount of pass through from the exchange rate to export prices by positively shocking
the non-commaodity export price equation. We calibrate this so that the growth profile remains
broadly the same as a scenario without any supplementary shock, but the impact of our trade shocks
lead to a smaller fall in export prices. Our central case assumes that 60 per cent of exchange rate
movements are passed through to export prices, while our optimistic and pessimistic cases assume
+/- 20 per cent more/less pass through either side of this.

Figure 12 illustrates the reductions in UK export prices in the central case as well as in alternative
low and high pass-through (or higher and lower price flexibility) cases. Figure 13 illustrates that less
export price flexibility is associated with a greater reduction in exports relative to baseline, as one
would expect from first principles. The greater reduction in exports is, in turn, associated with a
larger decline in GDP relative to baseline. In the low export price flexibility case, GDP declines by
3.0% relative to baseline, compared to 2.7% in the central case and 2.3% in the high price flexibility
case (Figure 14).

6. Comparisons to other approaches and the impact of productivity
shocks

Table 3 compares our estimated long-run reductions in GDP to those of two other studies which also
use NiGEM as the basis for their analyses of the impact of leaving the EU on the UK economy: the
analyses published by the OECD (2016) and by HM Treasury (2016).™ In our comparisons, we focus

14 In Ebell and Warren (2016), we present results for two WTO scenarios which differ according to
'optimistic' and 'pessimistic’ assessments of the impact on export market shares. Here, we focus only on
the WTO 'optmistic' case. WTO+ adds a 5% productivity shock to the WTO 'optmistic’ scenario.



on the ‘WTQ’ case in which the UK does not have a free trade agreement with the EU. While all
three studies assume similar reductions in trade and FDI, as well as similar reductions in the UK’s net
contributions to the EU, the range of estimated impacts on GDP relative to the long-run baseline is
considerably larger: The OECD projects that GDP would decline by between 2.7% and 7.7% relative
to baseline in the long-run in its WTO scenarios, while HM Treasury projects declines in GDP of 5.4%
to 9.5% relative to baseline for its WTO scenarios. We summarise these results by reporting the
estimated reduction in GDP for each percentage point reduction in total trade. In the OECD and HM
Treasury analyses, GDP is reduced by 0.3 per cent to 0.4 per cent for each 1 per cent reduction in
total trade, while in our analysis, GDP is reduced by about 0.1 per cent for each 1 per cent reduction
in trade..

What accounts for the lower impact on GDP despite fairly similar reductions in trade and FDI? One
key distinguishing feature of our analysis is that our WTO scenario abstracts from any direct impact
of openness on productivity, while both the HM Treasury (2016) and OECD (2016) analyses appeal
to evidence on the impact of openness on productivity (cf. Melitz and Tefler (2012), Melitz and
Redding (2014) and Bloom et al(2014)) as a basis for implementing direct shocks to productivity in
NiGEM.

HM Treasury (2016) does not give the size of its productivity shock, but does report that its analysis
is based on an elasticity of productivity to trade of between 0.2 and 0.3." We calibrate our
productivity shock using these values, to arrive at a shock to labour augmenting technical change of
5.0% (Figure 15). Labour augmenting technical change is an exogenous variable in NiGEM. It is part
of the production function and will directly increase or decrease capacity output. The shock is
subsequently propagated through the supply side of the economy (for further details see the
technical appendix). We assume that the 5 per cent fall in labour augmented technical change is
realised in totality on impact and that the shock is permanent rather than transitory.

Assuming that productivity (modelled as labour-augmenting technology) declines by 5 per cent
causes GDP to decline by a further 5.1 per cent relative to its long-run baseline. That is, GDP declines
by 7.8 per cent rather than 2.7 per cent compared to its long- run baseline (Figure 16). This brings
our estimate of the GDP impact of the WTO scenario into line with the Treasury’s central projection
of 7.5 per cent for a similar scenario. This is also in line with the upper end of the OECD (2016)
estimates.

The productivity shock feeds into a decline in UK private sector investment (Figure 17), which is
about 10% lower in the long run than the baseline of remaining in the EU. This compares to a much
smaller long-run decline in private sector investment of about 2.7% relative to baseline in the central
scenario without a productivity shock. As one would expect from first principles, the lower level of
capital stock leads to a long-run decline in output per hour worked relative to the baseline (Figure
18) of about 7.7% in the case with the productivity shock, compared to only 2.7% in the central
scenario without a productivity shock. This feeds into a larger long-run decline in real consumer
wages of 7.0% relative to baseline with the productivity shock, compared to 4.6% without, again in
line with first principles.

7. Conclusions

In this article, we focus on the modelling of long-run shocks to the UK economy after leaving the EU
in NiGEM. We focus on a WTO scenario in which the UK has no free trade agreement with the EU. In

15 That is, a 1% decline in trade would lead to a 0.2% to 0.3% decline in productivity.



our modelling, we restrict attention to key four shocks: reductions in export market share in EU
member countries, an increase in tariffs, a reduction in inward FDI flows and the repatriation of the
UK’s projected net contributions to the EU budget. For each of these four shocks, we have presented
the size of the shocks, how they are implemented, and the key mechanisms by which they work their
way through the model.

The export market share channel is the main mechanism by which leaving the EU leads to declines in
GDP and consumption relative to the long-run baseline. The export market share channel accounts
for a decline in GDP of 2.1% relative to the long-run baseline, out of a total projected reduction in
GDP relative to the long-run baseline of 2.7%."°

16 Qur results on reductions in GDP for scenarios assuming closer links to the EU after exiting, following
Norwegian or Swiss models, lead to somewhat smaller reductions in GDP relative to the baseline, but
remain clearly negative. See Ebell and Warren (2016) for details.
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Tables

Shock Magnitude
Reduction in UK export market share in EU 50%
Increase in tariffs on UK trade with the EU 5%
Reduction in inward FDI flows to the UK 24%
EU budget savings, % of GDP 0.3%
2016 2017 2018 2019 2020 2025 2030
Percentage changes relative to base
GDP -0.2 -1.0 -2.3 -2.8 -2.5 -2.6 -2.7
Consumption -0.1 -1.2 -1.7 -2.1 -2.4 -3.2 -4.0
Investment (PSI) -4.8 -15.0 -12.8 -8.1 -4.6 -3.4 -2.7
Real consumer wages -0.6 -1.9 -2.1 -2.9 -3.5 -4.2 -4.6
Output per hour worked -0.4 -1.1 -1.6 -1.6 -1.8 -2.4 -2.7
Changes in levels relative to base
Unemployment, % -0.2 -0.1 0.7 1.2 0.8 0.3 0.1
Inflation 0.7 2.2 1.3 1.3 0.4 0.1 0.0
Bank rate, % 0 0 0.25 0.50 0.00 0.00 -0.25
Long rate, % 0.5 1.0 0.1 -0.1 -0.1 -0.1 -0.2
Effective direct tax rate, % 0.0 0.1 0.2 0.4 0.6 0.3 0.6
2016 2017 2018 2019 2020 2025 2030
Percentage changes relative to base
Exports 0.5 -6.1 -17.5 -23.1 -23.3 -21.8 -20.7
Imports -1.4 -11.6 -18.6 -21.1 -21.2 -20.9 -20.7
Trade -0.5 -9.0 -18.1 -22.0 -22.2 -21.3 -20.7
Effective exchange rate -7.3 -16.0 -15.5 -16.3 -16.7 -16.1 -16.1
Terms of trade 0.7 -0.5 -0.5 -1.8 -2.5 -3.8 -4.0
Changes in levels relative to base
Trade balance, % of GDP 0.7 1.6 0.3 -1.1 -1.4 -1.3 -1.1
Income balance, % of GDP 0.4 1.1 0.7 0.1 0.3 0.1 0.4
Current acct balance, % of GDP 1.0 2.6 0.9 -1.1 -1.2 -1.3 -0.8




OECD HM Treasury NIESR
WTO/FTA WTO WTO WTO +
Modelling
Reduction in total trade -10% to -20% -17% to -24% -21% -22%
Reduction in FDI -10% to -45% -18% to -26% -24% -24%
EU budget savings, % of GDP 0.3% 10 0.4% 0.4% 0.3% 0.3%
Results
GDP, % change from base
Central estimate -5.10% -7.5% -3.2% -7.8%
Range -2.7%to-7.7% | -5.4% to -9.5% -2.7% -7.8%
Real consumer wages, % change from base n.a. n.a. -4.6% -7.0%
Ratio of GDP to trade declines 0.27-0.39 0.32-0.40 0.13 0.35
Channels
Reduced trade with EU X X X X
Productivity losses from reduction in trade X X X
Reduction in FDI X X X X
Productivity losses from reduced FDI X X X
Change in migration X
Productivity gains from deregulation X
Lower or zero contributions to the EU budget X X X X
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Figure 1
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Figure 2
Sources of Effective Exchange Rate Depreciation
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Figure 3

Per Cent Deviations in UK Non-Commodity Export Prices
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Figure 4

Per Cent Deviations in UK Import Volumes from Baseline
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Figure 5

Absolute Deviations of Inflation Rates from Baseline
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Figure 6

Absolute Deviations in Monetary Policy Rate from Baseline
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Figure 7

Per Cent Deviations in GDP Relative to Baseline
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Figure 8

Per Cent Deviations in Aggregate Consumption Relative to
Baseline
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Figure 9

Per Cent Deviations in Terms of Trade Relative to Baseline
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Figure 10

Per Cent Deviations in Non-Commodity Import Prices from
Baseline
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Figure 13

Per Cent Deviations of Exports from Baseline: Sensitivity
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Figure 14

Per Cent Deviations in GDP Relative to Baseline: Sensitivity
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Figure 15
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Figure 16
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UK GDP Responses, with and without Productivity Shock
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Figure 17
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Figure 18
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