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Abstract

We provide reference forecasts for CO2 emissions from burning fuel fossil and cement production in
Portugal based on an ARFIMA model approach and using annual data from 1950 to 2017. Our "business
as usual" projections suggest a pattern of decarbonization that will cause the reduction of 3.3 Mt until 2030
and 5.1 Mt between 2030 and 2050. This scenario allows us to assess effort required by the new IPCC
goals to ensure carbon neutrality by 2050. For this objective to be achieved it is necessary for emissions to
be reduced by 39.6 Mt by 2050. Our results suggest that of these, only 8.4 Mt will result from the inertia of
the national emissions system. The remaining reduction on emissions of 31.2 Mt of CO2 will require
additional policy efforts. Accordingly, our results suggest that about 79% of the reductions necessary to
achieve IPCC goals require deliberate policy efforts. Finally, the presence in the data of long memory with
mean reversion suggests that policies must be persistent to ensure that these reductions in emissions are
also permanent.
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1. Introduction
The purpose of this article is to provide reference forecasts for CO2 emissions in Portugal based on an
ARFIMA approach. We consider both aggregate emissions and each of its main sources — solid fuels,
liquid fuels, gas, and cement production. Our ultimate objective is to compare our reference forecasts with
the relevant emissions targets and thereby ascertain how much of an additional policy effort is necessary
to achieve such targets.

There is strong scientific evidence confirming the warming the planet's climate system, with increasing
temperature of the atmosphere and oceans, rising sea levels, melting ice, among others, whose most
likely causes are the increased concentration of anthropogenic greenhouse gas emissions in the
atmosphere [see, for example, IPCC (2014)].

In the last three decades, Portugal has implemented policies aligned with the international guidelines and
policy targets for climate change, namely the European Union climate change strategy, the Kyoto Protocol
and more recently the Paris Agreement. [See, for example, the Strategic Framework for Climate Policy,
QEPIC 2030 (2015), the Roadmap for Carbon Neutrality, RNC2050 (2018), and the National Plan for
Energy and Climate, PNEC2030 (2019)]. As a result, we have observed the introduction of natural gas, the
strategic option in favor of renewable energy sources, the stimulus towards energy efficiency, the
improvement of the land use, land-use change and forestry sectors, and the participation in the European
Trading System. Considered together, these policy efforts have contributed both to the successful
completion of the first Kyoto Protocol’s period of compliance objectives and the reduction in emissions
observed since 2002.

Recently, the IPCC’s 2018 report has pointed that limiting global warming to 1.5°C would require “rapid
and far-reaching” transitions in land, energy, industry, buildings, transport, and cities. Moreover, global net
anthropogenic emissions of CO2 would need to fall by about 45% from 2010 levels by 2030, reaching ‘net
zero’ around 2050. These new targets were incorporated into the Roadmap for Carbon Neutrality,
RNC2050 (2018) released by the Portuguese government in December 2018.

Identifying the proper reference scenario is a critical first step in ascertaining the extent of the policy efforts
required to achieve any policy target for emissions, and thereby determining the costs involved in
achieving such goals. Hence, there are two key policy questions in these matters in Portugal. The first
question deals with identifying what will emissions in 2030 and 2050 be under a business as usual
reference scenario. The second question, and as a corollary, is the determination of the dimension of the
additional policy efforts needed to accomplish such emission targets.

Specifying a reference scenario, as in the typical business as usual projections, means predicting a path to
CO2 emissions that reflect existing demographic trends, prospective trends for energy and industrial
processes, for the services, residential, transport and waste sectors, as well as, ongoing policy
commitments. This conventional approach to establishing reference scenarios, however, introduces a
large number of working assumptions and a great degree of arbitrariness in their specifications, thereby
clouding the information it intends to provide.

This paper uses an ARFIMA approach to provide reference forecasts for CO2 emissions in Portugal based
on a comprehensive statistical analysis of the different time series and recognizing the possible presence
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of long-memory through fractional integration. Accordingly, our forecasts rely strictly on the most basic
statistical fundamentals of the stochastic processes that underlie emissions. As such, they capture the
information included in the sample, and implicitly assume that the observed trends will continue in the
future. Thus, these forecasts provide the most fundamental reference case emissions forecast. See
Belbute and Pereira (2015) for an application of this forecasting methodology to develop reference
scenarios for world CO2 emissions.

There is now an extensive literature on fractional integration, which goes well beyond the stationary/non-
stationary dichotomy to consider the possibility that variables may follow a long memory process [see,
among others, Diebold and Rudebusch (1991), Lo (1991) Sowell (1992a) and Palma (2007)]. The ARFIMA
methodology is inspired by a budding literature on the analysis of energy and carbon emissions based on
a fractional integration approach [see, for example, Barassi et al.(2011), Apergis and Tsoumas (2011,
2012), Barros et al. (2016) and Gil-Alana et al. (2015) and Belbute and Pereira (2016, and 2017)].

Measuring the persistence of CO2 emissions is of utmost importance for the design of energy and
environmental policies. If emissions are stationary, then transitory public policies will tend to have only
transitory effects. Permanent changes, therefore, require a permanent policy stance. On the other hand, if
emissions are not stationary, then even transitory policies will have permanent effects on emissions, and a

steady policy stance is less critical.

The fractional integration approach goes beyond the stationary/non-stationary dichotomy to consider the
possibility that variables may follow a long memory process. Long-range dependence is characterized by a
hyperbolically-decaying autocovariance function and by a spectral density that approaches infinity as the
frequency tends to zero. ‘Long memory’ means that there is significant dependence between observations
widely separated in time, and, therefore, the effects of policy shocks are temporary but long lasting.
Accordingly, the fractional integration properties of CO2 emissions have important policy implications for
the specification of long-term reference case scenarios for emissions.

The remainder of this paper is organized as follows. Section 2 presents the data set. Section 3 provides a
brief technical description of the methodology used. Section 4 discusses the empirical findings,
considering first the fractional integration analysis and then the accuracy of in-sample forecasts. Section 5
presents and discusses our reference forecasts vis-a-vis other available reference forecasts and national
policy scenarios. Finally, section 6 provides a summary of the results, and discusses their policy
implications.

2. Data: Sources and Description

2.1 Data Sources

In this paper, we use annual data for CO2 emissions in Portugal for the period between 1950 and 2017.
The data until 2014 is from the Carbon-Dioxide Information Analysis Centre [see Le Quére et al. (2015)
and Boden et. al. (2017)]. This data set contains information going back to 1870. Nevertheless, given the
profound structural changes that occurred after World War 1l, we only use data starting in 1950. Emissions
between 2015 and 2017 were obtained using the values reported in the National Inventory of GHG
Emissions, PNIRGHG (2018), and the Roadmap for Carbon Neutrality, RNC 2050 (2018).
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Aggregate CO2 emissions in Portugal are the sum of four components: CO2 emissions from burning fossil
fuels — solid/coal, liquid/oil, and gas, and CO2 emissions from cement production. There are no CO2
emissions from gas flaring. Moreover, we do not consider emissions from land use, nor from land-use
change and forestry. All variables are measured in million metric tonnes of carbon per year (Mt, hereafter),
and were converted into units of carbon dioxide by multiplying the original data by 3.664, the ratio of the

two atomic weights.
2.2 Description of the Data

Table 1 presents summary information about our data. It includes information about total CO2 emissions in
the first year of each decade as well as the mean shares per decade of emissions from combustion of
solid, liquid, and gas fossil fuels and from cement production in the total emissions.

Table 1 - Portugal CO, Emissions from Fossil Fuel Combustion and Cement Production

C OAzgi:':igs i:::ns Average Shares of Total Emissions (%)
Years Years Fucls _Fosls _ Fosls _ produstion
1950 5.621 1950-1959 37.0 56.7 - 6.3
1960 8.218 1960-1969 26.2 66.6 - 7.2
1970 15.246 1970-1979 9.6 81.8 - 8.6
1980 26.963 1980-1989 12.4 78.1 - 9.5
1990 42.286 1990-1999 24.5 66.3 3.3 8.2
2000 62.680 2000-2009 19.9 60.6 12.3 7.2
2010 48.097 2010-2017 20.9 54.9 18.9 53
2017 50.784 2017 22.5 55.1 17 5.5
1950-2017 1950-2017 18.4 62.4 12.7 7.1

In the second half of the 20th Century, total CO2 emissions grew at a steady pace. This trend was
reverted in the last two decades with emissions decreasing progressively until the end of the sample
period. The annual flow of CO2 emissions peaked in 2002 at 66.7 Mt. By 2017, emissions reached 50.8
Mt, a figure 20% and 5.6% above the 1990 and 2010 reference levels, respectively. For perspective,
Portugal's total CO2 emissions in 2017 represent about 1.4% of total European Union emissions and just

0.13% of worldwide emissions.

CO2 emissions from solid fossil fuel combustion represented on average over the sample period a little
more than 18.6% of total emissions. These emissions reached their lowest point in relative terms in the
1970s and have shown a relatively steady increase ever since. In the last few years of the sample, they
represented 22.7% of total emissions.
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The combustion of liquid fuels was the dominant source of CO2 emissions during the sample period,
contributing on average to around 61.4% of total emissions. In the 1970s and 80s these emissions
represented close to 80% of emissions, a number that has significantly declined ever since. By the last
years of the sample, they amounted to 54.9% of emissions.

Natural gas has developed rapidly after its introduction in 1998. Accordingly, related CO2 emissions has
increased significantly. The average share from gas in aggregate emissions for the period 1998—-2017 was
12.7%, a share that has been steadily increasing over the last three decades to reach 17% over the last
years of the sample.

Finally, CO2 emissions from cement production account for 7.1% of total emissions over the sample
period. These emissions peaked in the 1970s, 80s, and 90s. Their relative share of emissions decreased
in the last two decades to reach just 5.3% in the most recent years of the sample.

3. Fractional Integration

3.1 Fractionally-Integrated Processes

A fractionally-integrated process is a stochastic process with a degree of integration that is a fractional
number, and whose autocorrelations decay slowly at a hyperbolic rate of decay. Accordingly, fractionally-
integrated processes display long-run rather than short-term dependence and for that reason are also
known as long-memory processes

A time series x; = y; — Bz, is said to be fractionally integrated of order d, if it can be represented by
(1-1L)%, = uq, t=1,2,3,.. (1)

where, B is the coefficients vector, z, represents all deterministic factors of the process, y, and t=

1,2,..n, L is the lag operator, d is a real number that captures the long-run effect, and u; is 1(0).

Allowing for values of “d” in the interval between 0 and 1 gives an extra flexibility that may be important
when modeling long-term dependence in the conditional mean. Indeed, in contrast to an I(0) time series
(where d = 0) in which shocks die out at an exponential rate, or an I(1) process (where d = 1) in which
there is no mean reversion, shocks to the conditional mean of an I(d) time series with 0 < d < 1 dissipate
at a slow hyperbolic rate. More specifically, if —0.5 < d < 0, the autocorrelation function decays at a slower
hyperbolic rate but the process can be called anti-persistent, or, alternatively, to have rebounding behavior
or negative correlation. If 0 < d < 0.5, the process reverts to its mean but the auto-covariance function
decreases slowly as a result of the strong dependence on past values. Nevertheless, the effects will last
longer than in the pure stationary case (d = 0). If 0.5 < d < 1, the process is non-stationary with a time-
dependent variance, but the series retains its mean-reverting property. Finally, ifd = 1, the process is non-
stationary and non-mean-reverting, i.e. the effects of random shocks are permanent [for details see, for
example, Granger and Joyeux (1980), Granger (1980, 1981), Sowell (1992a, 1992b), Baillie (1996), Palma
(2007) and Hassler et all (2016), Belbute and Pereira (2016)].
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3.2 ARFIMA Processes

An ARFIMA model is a generalization of the ARIMA model which frees it from the 1(0)/I(1) dichotomy,
therefore allowing for the estimation of the degree of integration of the data generating process. In an
ARMA process, the AR coefficients alone are important to assess whether or not the series is stationary. In
the case of the ARFIMA model, the AR(p) and MA(q) terms are a part of the model selection criteria.
Accordingly, the ARFIMA approach provides a more comprehensive and yet more parsimonious
parameterization of long-memory processes than the ARMA models. Moreover, in the ARFIMA class of
models, the short-run and the long-run dynamics is disentangled by modeling the short-run behavior
through the conventional ARMA polynomial, while the long run is captures by the fractional differencing

parameter, d [see, among others, Bollerslev and Mikkelsen (1996)].

If the process {u.} in (1) is an ARMA(p, q), then the process {x.} is an ARFIMA(p, d, q) process and can be
written as

(L)1 - L)dxt =0(L)e, (2)

where

PL) =1 =1L —dpl? — .. —¢pl? =0
O(L) =1+6,L+6,1+ .. +6,L7=0

are the polynomials of order p and q respectivelly, with all zeroes of lying outside the unit circle, and with

e; as white noise. Clearly, the process is stationary and invertible for —0.5 < d < 0.5.

The estimation of the parameters of the ARFIMA model ¢, 8, d, p and o2 is done by the method of

maximum likelihood. The log-Gaussian likelihood of y given parameter estimates fi = ($,6,d, B,52) was
established by Sowell (1992b) as

f((ﬂﬁ)) = —%{Tlog(Zn) + 10g|V| + X'V—lx} (3)

where X represents a T- dimensional vector of the observations on the process x, =y, — Bz, and the

covariance matrix V has a Toeplitz structure.
3.3 ARFIMA Forecasting and Prediction-Accuracy Assessment

Given the symmetry properties of the covariance matrix, Vcan be factored as V = LDL’, where D = Diag(v,)

and L is lower triangular, so that;

1 0 0 0
Ti1 1 0 . 0

L = T22 Ty 1 .. 0 (4)
Tr-1),1-1) YT-1,0-2) TT-1,0-3) - 1

Moreover, let T = Vi vy, ve = (Y1, Y2, Yo)' and Vi is the t x t upper left sub-matrix of V.
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Letf, = y; — Bz;. The best linear forecast of x.,, based on x,x,, ... X, iS

t

f:+1 = Zrt,kft—k+1 (5)

k=1
Moreover, the best linear predictor of the innovations is € = L™1f, and the one-step-ahead forecasts for 9, in

matrix notation, is

y=1L"y-2zB)+ZB. (6)
Forecasting is carried out as suggested by Beran (1994) so that fT+k=?{(V‘1?, where

Yk = Or+k-1, Yr+k-2, -, Yi)- The accuracy of predictions is based on the average squared forecast error,

which is computed as MSE(fr,i) = 70 — ViV~ i

There is a wide diversity of loss functions available and their properties vary extensively. Even so, all of
these share a common feature, in that “lower is better.” That is, a large value indicates a poor forecasting
performance, whereas a value close to zero implies an almost-perfect forecast. We use three average loss
indicators: the Mean Absolute Percentage Error (MAPE), the Adjusted Mean Absolute Percentage Error
(AMAPE), and the U-statist inequality coefficient.

The MAPE and the AMAPE are relative measures, in that they are percentages. In particular, the MAPE is
the percentage error, and has the advantage of having a lower bound of zero. The lower the indicator the
greater the model’s forecast accuracy. Nevertheless, this loss function has drawbacks in any practical
application. First, with zero values, we have a division by zero issue. Second, the MAPE does not have an
upper limit. The AMAPE corrects almost completely the asymmetry problem between actual forecast
values, and has the advantage of having both a zero lower bound and an upper bound. Like the MAPE,
the smaller the AMAPE, the greater the accuracy of predictions.

The Theil inequality coefficient, as provided by the U-statistic, yields a measure of how well estimated
values compares to a corresponding time series of observed values. It lies between zero and one, with
zero suggesting a perfect fit. It can be decomposed into three sources of inequality: bias, variance, and
covariance proportions coverage. The bias component of the forecast errors measures the extent to which
the mean of the forecast is different from the mean of the recorded values. Similarly, the variance
component tells us how far the variation of the forecast is from the variation of the actual series. Finally,
the covariance proportion measures the remaining unsystematic component of the forecasting errors.
Naturally, the three components add up to one.

4. The Basic Empirical Results

4.1 Fractional Integration Analysis

Table 2 presents the results of the estimations of the ARFIMA(¢,d,0) models. The best specifications were
selected using the Schwartz Bayesian Information Criterion (BIC) and include statistically significant

autoregressive and moving-average terms.

Preliminary Lee and Strazicich (2003) tests for structural changes point to possible structural break points
around 2002 for total emissions, emissions from liquid fuels and cement production, and around 1998 for
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coal. When included in the ARFIMA models, however, the corresponding dummy coefficients are not
statistically significant. Furthermore, the best specification of the ARFIMA models as indicated by the BIC
does not include structural breaks. For this reason, the empirical results in this paper do not consider
structural breaks. In fact and naturally given this evidence, results with structural breaks do not differ in any
meaningful way from those presented here.

Table 2 - Fractional-Integration Results: 1950-2017

. Coefficient  Estimates Std. Err. Confidence BIC
Variable
(p-value) Intervals
d 0.447  0.079 (0.000) [0.293 ; 0.601]
A 2
geregate CO b 0.602  0.138 (0.000) (0331 ; 0873] 331.742
emissions
é, 0.339  0.120 (0.005) [0.102 ; 0.575]
d 0.440  0.086 (0.000) [0.272 ; 0.608]
CO2 emissions
trom solid fuels b 0.479  0.135 (0.000) [0.215 ; 0.743] 216.876
é, 0.388  0.103 (0.000) [0.187 ; 0.590]
d 0.469  0.044 (0.000) [0.383 ; 0.555]
CO2 emissions
from liquid fuels é 0.532  0.099 (0.000) [0.337 ; 0.727] 286.220
s 0.393  0.093 (0.000) [0.210 ; 0.576]
Co2 emissions d 0.267  0.172 (0.121) [-0.071 ; 0.605] o562
from gas fuels & 0.951  0.059 (0.000) [0.835  1.067] '
CO2 emissions d 0.479  0.031 (0.000) [0.419 ; 0.540]
from cement 120.731
production é 0.497  0.126 (0.000) [0.250 ; 0.744]

Note: @ stands for the estimated value of the parameter associated with x,_,, of the AR component and

6 stands for the estimated value of the stochastic term of order g (e;—q ) of the MA component.

Overall, our results provide strong empirical evidence for the non-rejection of the presence of long memory
for both aggregate CO2 emissions as well as its different components. The estimated values of the
fractional parameter d are all between 0 and 1, thus allowing us to reject both the case of pure stationarity
model (d=0) and the case of a unit root model (d=1). All series exhibit long-term memory as all estimated
parameters d lie within the interval (0, 0.5). Total emissions have a degree of persistence of d = 0.447,
which literally corresponds to the convex combination of the persistent levels estimated for each of its four
individual components. In relative terms, emission from gas show the smallest degree of persistence, d=
0.267, while emissions form cement production show the highest degree of persistence, d= 0.478.

With the exception of CO2 emissions from gas combustion, all of the estimates of the fractional integration
parameter are statistically significant at 1%. The lower precision of the estimate for emissions from gas is
due to the smaller sample size for this variable.

Finally, the confidence intervals for the estimated fractional integration parameters are relatively narrow
and always in the positive range. In all cases, however, the upper bound is slightly greater than 0.5,
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leaving open the marginal possibility that the different series may be non-stationary, though still would be

mean reverting.

4.2 In-Sample Global CO2 Emissions Forecasts

Figure 1 plots the actual values against the in-sample forecasts for global CO2 emissions between 1950

and 2017. Table 3 summarizes our forecasting accuracy analysis for the in-sample predictions.

Figure 1 - In-sample CO2 Predictions: 1950-2017
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Table 3 - In-Sample Forecasts Accuracy Analysis: 1950-2017
CO2 Emissions
Aggregate Solid Liquid Gas Cement
CO2 Fuel Fuel Fuel production

Mean Absolute Percentage Error (MAPE) 6.1% 14.7% 7.3% 8.0% 12.8%
Adjusted Mean Absolute Percentage Error (AMAPE) 3.9% 8.2% 4.5% 4.1% 7.3%
Theil Inequality Coefficient 0.03 0.07 0.03 0.05 0.09
Mean Squared Error decomposition:

Bias proportion 4.9% 3.4% 3.2% 4.3% 8.7%

Variance proportion 1.5% 0.0% 2.3% 1.0% 1.2%

Covariance proportion 93.5% 96.5% 94.5% 94.8% 90.1%

In general, we get excellent in-sample predictions for both aggregate CO2 emissions and each one of its

four components. The MAPE ranges from a minimum of 6.1% for total emissions to a maximum of 14.7%

for emissions from coal. In addition, the percentage of projected values outside the confidence interval

ranges from a minimum of 1.5% for emissions from cement production to a maximum of 7.4% for

emissions from coal combustion.

In turn, the U-statistic shows a very small value, varying in a band between 0.03 and 0.09. This suggests

that the predictions compare quite well with the observed values. Furthermore, the predictions are non-

skewed and show a low variance. More than 90% of the prediction error in all components under analysis

is non-systematic. The less precise results for natural gas emissions are, once again, due to its smaller

sample size.

10
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5. ARFIMA CO2 Emissions Forecasts and their Implications
5.1 The ARFIMA Forecasts 2018 — 2050

Having established a good forecasting performance of the different ARFIMA models, we use these

estimates to forecast CO2 emissions until 2050. The detailed results are presented in Figure 2 and Tables

Al to A5 in the Appendix. In turn, summary results relative to 2010 reference levels are presented in Table

4,

Total CO2 emissions are projected to decrease from 50.8 Mt in 2017 to 39.7 Mt in 2050. Emissions in

2030 and 2050 are forecasted to be about 6.9% and 17.4% below the 2010 reference level, respectively.

Accordingly, the projected reductions in emissions are more pronounced until 2030 — an average annual

reduction of about 0.46 Mt, and noticeably slower in the next two decades — an average annual reduction

of 0.25 Mt.

Mt

80 4
70 4
60 4
50 4

a0 {

Figure 2 — CO, emissions forecasts: 2018 - 2050

a) Total CO2 Emissions

——Actual CO2 emissions ++++ CO2 Forecasts

11
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b) CO2 Emissions from solid fuels
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Table 4 — CO2 Emissions Forecasts: Changes in Emissions Relative to 2010 Reference Levels (%)

Aggregate Solid fuel Liquid fuel Gas Cement
Cco2
2020 -1.7 66.3 -14.8 -29.9 19.4
2030 -6.9 51.9 -20.6 -44.7 135
2040 -12.5 38.0 -25.5 -56.0 9.0
2050 -17.5 27.3 -29.4 -64.4 5.7

This general pattern of reduction in total emissions, is also identified in its different components, although

in different manners and to different extents. Noticeably, we project emissions for liquid fuel and gas fuel

12
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combustions to be always below the 2010 reference levels and emissions from solid fuel combustion and
from cement production to be always above the 2010 reference levels. Emissions from the combustion of
liquid fuels are projected decline by 2030 and 2050 to 20.6% and 29.4% below the 2010 level while the
projected emissions from natural gas by 2030 and 2050 are 44.7% and 64.4% below the level in 2010, at a
level of 3.7 Mt. In turn, projections of emissions from coal in 2030 and 2050 are 51.9% and 27.3% higher
than the reference year while projected emissions from cement production will reach levels 13.5% and
5.7% above the 2010 levels by 2030 and 2050, respectively.

5.2 The ARFIMA Forecasts and the IPCC Special Report 2018 and RNC2050
Targets

Recently, the IPCC’s 2018 report has pointed that limiting global warming to 1.5°C would require “rapid
and far-reaching” transitions in land, energy, industry, buildings, transport, and cities which will require a
fall by about 45% from 2010 emission levels by 2030 and reaching ‘net zero’ around 2050.

The IPCC emissions targets were applied and adopted in general terms to the Portuguese case in the
Roadmap for Carbon Neutrality — RNC2050 (2018), which establishes the strategic framework of public
policies in Portugal aiming at carbon neutrality in 2050. The RNC2050 does not set specific targets for
2030 and 2050, but rather provides confidence intervals based on three alternative scenarios. However, it
is reasonable to assume that the RNC2050 points to an average reduction of 40% of emissions by 2030
and of 82.3% by 2050, with reference to 2010 emissions. As a result, the RNC2050 projects a level of
emissions by 2050 in line with IPCC 2018 guidelines, although by 2030 the projected reduction is slightly

lower than the IPCC guidelines.

Table 5. Reductions in CO2 Emissions Relative to 2010 (%)

2050
2030 Increment
over Total
2030
Policy targets
(1) IPCC new targets (2018) -45.0% -37.3% -82.3%
(2) RNC2050 -40.0% -42.3% -82.3%
Reference scenarios
(3) ARFIMA model -6.9% -10.6% -17.5%
Additional policy efforts
(4) Under IPCC new targets -38.0% -26.9% -64.9%
(5) RNC2050 -33.1% -31.8% -64.9%

13
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The IPCC and the RNC2050 policy targets are presented in lines 1 and 2 of Table 5. Under the IPCC
targets, CO2 emissions in Portugal would have to decrease by 21.6 Mt or 45% of 2010 emissions by 2030
and a further 18.0Mt, or a further 37.3% of 2010 levels, between 2030 and 2050. The total target
accumulated reduction by 2050 is 39.6Mt, which corresponds to a reduction of 82.3% relative to 2010. By
construction, the objectives of the RNC2050 for 2050 are the same as the IPCC. The projected trajectory
of decrease in emissions under the RNC2050 is slightly less frontloaded with a projected decrease of
40.0% in 2030 relative to 2010 values.

Of the greatest importance is the comparison of these policy targets with our reference scenario. Line 3 of
Table 5 indicates that the inertia effect estimated according to the ARFIMA model projections is
responsible for the reduction of 6.9% of emissions by 2030 and of 10.5% between this year and 2050, with
a total cumulative reduction of 17.4%. This implies that the inertia of the Portuguese emissions system is
very far from sufficient to generate the path of CO2 emissions necessary to achieve the IPCC targets
towards carbon neutrality by 2050.

Since our CO2 emissions forecasts provide the most fundamental reference case forecast of emissions,
they can be used to assess the net policy effort necessary to achieve emissions goals. This information is
provided in lines 4 and 5 of Table 5 and represents the difference between the IPCC and the RNC2050
policy targets and the ARFIMA model forecasts, respectively.

Line 4 of Table 5 indicates that a policy effort that cuts 38.1% of the 45% needed to meet the IPCC mid-
term target in 2030 will be necessary. The remaining 6.9% are achieved through the inertia of the
emissions system. By 2050, maintaining a policy agenda consistent with the overall objective of an 82.3%
reduction in emissions will require an additional policy effort of 47.4% while inertia will be responsible for
reducing 17.5% of emissions this year. Accordingly, the inertia of the system will lead to just 15% of the
total target reduction in emissions necessary by 2030 and 27% of the reductions necessary by 2050. The
remaining efforts have to come from deliberate decarbonization policies.

Finally, it should also be noted that the new IPCC guidelines impose a more stringent policy effort until
2030 - a 3.5% average annual reduction in emissions than the subsequent 20 years — a 1.4% average
annual reduction in emissions. The opposite is true under the RNC2050. This is a straightforward
implications of different 2030 targets coupled with the same 2050 target in the two cases.

6. Summary, Conclusions, and Policy Implications
This work uses an ARFIMA approach to evaluate the degree of persistence of total CO2 emissions from
fossil fuel combustion — coal, oil, and gas - and cement production in Portugal, and to make projections of
CO2 emissions until 2050. These ARFIMA projections allow us to assess the policy effort required by the
Portuguese authorities to enable the country to meet the new IPCC and RNC2050 targets and thereby
contribute to the global effort to limit the average global average temperature rise to 1.5 ° C.

Our empirical results suggest that CO2 emissions both at the aggregate level and for each of its four
different components are fractionally integrated processes. Accordingly, they show long-memory and the
effects of shocks tend to dissipate at a slow hyperbolic rate. Moreover, the degree of fractional integration
does not significantly differ among all variables and the degree of fractional integration for aggregate CO2
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emissions is very close to the convex combination of the degrees of fractional integration for the four

emission sources considered.

In terms of projections for the CO2 emissions, our approach uses only the information included in the
stochastic process underlying the baseline data, in a context in which the existing policies in 2017 remain
invariant. Our projections for CO2 emissions suggest an inertial pattern of decarbonisation of the
economy, which translates into emissions reductions of respectively 6.9% and 17.5% in 2030 and 2050
relative to 2010 levels.

The policy effort required to reach carbon neutrality in 2050 is measured by the difference between the
reduction of emissions required by the IPCC 2018 and RNC2050 targets and the ARFIMA emissions
projections. Our results suggest that to achieve such policy targets by 2050, additional policy efforts are
necessary leading to a reduction in emissions of 64.9% of the 2010 levels. The required long-term policy
effort is the same for the IPCC2018 and RNC2050 since both have the same objective for emissions in
2050. The IPCC2018 targets, however, require a larger additional policy effort by 2030 and, consequently,
lower additional policy effort in the subsequent 20 years compared to the RNC2050 targets. That is,
IPCC2018 targets lead to the need of frontloaded policies.

These results have important policy implications. First, our emissions projections capture the inertia effect
underlying CO2 emissions and this exercise allows us to assess the policy effort involved in the
intermediate and final targets. The results clearly suggest that the underlying inertia of the reference
scenario is insufficient to generate a path of CO2 emissions that would generally achieve carbon neutrality
by 2050 and in particular the intermediate IPCC targets. This implies that deliberate additional policy
efforts are crucial in attaining the desirable emission targets.

Second, the long-memory nature of the emissions data implies that any policy shock will have temporary
effects albeit longer lasting than suggested in a traditional analysis of stationarity. The mean reversal
property of our estimates, however, implies that the policy effort must be persistent to produce equally
persistent effects. This is particularly relevant in the framework of the national strategy for achieving
carbon neutrality in 2050 where it will be crucial to promote permanent changes in behavior and not just
short term fixes.

Finally, the policy efforts required to achieve decarbonization — a reduction in emissions by 2050
equivalent to 65% of the 2010 reference levels - are very demanding and frontloaded under the IPCC2018
targets. The magnitude and urgency of these efforts, however, does not seem to be not matched by the
consideration of any significant actions in the current policy debate. This is true even if we take into
account the scheduled closure of the two coal-fueled thermoelectric plants still in operation in the country,
which are responsible for about 14% of total CO2 emissions.
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8. APPENDIX
Table A1 - Total CO, Emissions Forecasts for 2018-2050
RMSE Confidence interval (95%)
Total co2 Distange to
Years emissions reference year
(forecasts - f;) (2010) MtCO2 rmse/f: Lower limit Upper limit
(%)

2018 47.800 -0.6 4.1 8.5 41.1 54.5
2019 47.757 -0.7 4.9 10.3 39.7 55.8
2020 47.303 -1.7 5.8 12.2 37.8 56.8
2021 47.121 -2.0 6.5 13.8 36.4 57.9
2022 46.949 -2.4 7.3 15.5 35.0 58.9
2023 46.653 -3.0 8.0 17.2 335 59.8
2024 46.382 -3.6 8.7 18.8 32.0 60.7
2025 46.132 -4.1 9.4 20.4 30.7 61.6
2026 45.858 -4.7 10.1 21.9 29.3 62.4
2027 45.579 -5.2 10.7 23.5 28.0 63.2
2028 45.307 -5.8 11.3 25.0 26.7 63.9
2029 45.032 -6.4 11.9 26.5 254 64.6
2030 44.755 -6.9 12.5 27.9 24.2 65.3
2031 44.480 -7.5 13.1 29.4 23.0 66.0
2032 44.206 -8.1 13.6 30.8 21.8 66.6
2033 43.932 -8.7 14.1 32.2 20.7 67.2
2034 43.661 -9.2 14.7 33.6 19.6 67.8
2035 43.391 -9.8 15.1 34.9 18.5 68.3
2036 43.124 -10.3 15.6 36.2 17.4 68.8
2037 42.859 -10.9 16.1 37.6 16.4 69.3
2038 42.596 -11.4 16.5 38.8 15.4 69.8
2039 42.335 -12.0 17.0 40.1 14.4 70.3
2040 42.078 -12.5 17.4 41.4 134 70.7
2041 41.823 -13.0 17.8 42.6 12.5 71.1
2042 41.571 -13.6 18.2 43.9 11.6 71.6
2043 41.321 -14.1 18.6 45.1 10.7 72.0
2044 41.075 -14.6 19.0 46.3 9.8 72.3
2045 40.832 -15.1 19.4 47.4 9.0 72.7
2046 40.591 -15.6 19.7 48.6 8.1 73.0
2047 40.354 -16.1 20.1 49.8 7.3 73.4
2048 40.120 -16.6 204 50.9 6.5 73.7
2049 39.888 -17.1 20.7 52.0 5.8 74.0
2050 39.660 -17.5 21.1 53.1 5.0 74.3
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Table A2 — CO, Emissions from Solid Fuels Forecasts for 2018-2050

Total co2 Distange to RMSE Confidence interval (95%)
Years emissions reference
forecasts (f)  year: 2010 rmse./f; - -
(Mt) (%) MtCO2 o Lower limit Upper limit

2018 10.697 69.8 1.6 14.8 8.1 13.3
2019 10.628 68.7 1.9 17.7 7.5 13.7
2020 10.476 66.3 2.2 20.8 6.9 14.1
2021 10.437 65.7 2.4 23.0 6.5 14.4
2022 10.365 64.6 2.6 25.4 6.0 14.7
2023 10.248 62.7 2.9 27.9 5.5 14.9
2024 10.156 61.2 31 30.1 5.1 15.2
2025 10.066 59.8 3.2 32.2 4.7 15.4
2026 9.961 58.2 34 34.4 4.3 15.6
2027 9.860 56.6 3.6 36.4 4.0 15.8
2028 9.764 55.0 3.7 38.4 3.6 15.9
2029 9.664 53.4 3.9 40.3 3.3 16.1
2030 9.565 51.9 4.0 42.2 2.9 16.2
2031 9.470 50.4 4.2 44.0 2.6 16.3
2032 9.375 48.8 4.3 45.8 2.3 16.4
2033 9.282 47.4 4.4 47.5 2.0 16.5
2034 9.191 45.9 4.5 49.2 1.8 16.6
2035 9.102 44.5 4.6 50.8 1.5 16.7
2036 9.015 43.1 4.7 52.4 13 16.8
2037 8.930 41.8 4.8 53.9 1.0 16.8
2038 8.848 40.5 4.9 55.4 0.8 16.9
2039 8.767 39.2 5.0 56.9 0.6 17.0
2040 8.689 38.0 5.1 58.3 0.4 17.0
2041 8.613 36.7 5.1 59.7 0.2 17.1
2042 8.539 35.6 5.2 61.0 0.0 171
2043 8.467 34.4 53 62.4 -0.2 17.2
2044 8.398 33.3 53 63.7 -0.4 17.2
2045 8.330 32.3 5.4 64.9 -0.6 17.2
2046 8.264 31.2 5.5 66.1 -0.7 17.3
2047 8.200 30.2 5.5 67.4 -0.9 17.3
2048 8.139 29.2 5.6 68.5 -1.0 17.3
2049 8.079 28.3 5.6 69.7 -1.2 17.3
2050 8.020 27.3 5.7 70.8 -1.3 17.4
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Table A3 - CO, Emissions from Liquid Fuels Forecasts for 2018-2050

Total co2 Distange to RMSE Confidence interval (95%)
Years emissions reference
forecasts (f)  year: 2010 rmse./f; - -
(Mt) (%) MtCO2 o Lower limit Upper limit

2018 25.403 -13.1 2.8 10.9 20.8 30.0
2019 25.279 -13.6 3.4 13.3 19.7 30.8
2020 24.901 -14.8 4.0 15.9 18.4 31.4
2021 24.788 -15.2 4.5 18.0 17.4 321
2022 24.656 -15.7 5.0 20.2 16.5 32.8
2023 24.421 -16.5 5.5 225 15.4 33.4
2024 24.239 -17.1 6.0 24.6 14.4 34.0
2025 24.079 -17.7 6.4 26.7 13.5 34.6
2026 23.894 -18.3 6.9 28.7 12.6 35.2
2027 23.716 -18.9 7.3 30.8 11.7 35.7
2028 23.551 -19.5 7.7 32.7 10.9 36.2
2029 23.385 -20.0 8.1 34.7 10.0 36.7
2030 23.220 -20.6 8.5 36.6 9.2 37.2
2031 23.062 -21.1 8.9 38.5 8.5 37.7
2032 22.908 -21.7 9.2 40.3 7.7 38.1
2033 22.756 -22.2 9.6 42.1 7.0 38.5
2034 22.608 -22.7 9.9 43.9 6.3 38.9
2035 22.464 -23.2 10.2 45.6 5.6 39.3
2036 22.323 -23.7 10.6 47.3 5.0 39.7
2037 22.185 -24.1 10.9 49.0 4.3 40.1
2038 22.050 -24.6 11.2 50.6 3.7 40.4
2039 21.919 -25.0 11.4 52.2 3.1 40.7
2040 21.790 -25.5 11.7 53.8 2.5 41.1
2041 21.665 -25.9 12.0 55.3 1.9 41.4
2042 21.542 -26.3 12.2 56.9 1.4 41.7
2043 21.422 -26.7 125 58.3 0.9 42.0
2044 21.305 -27.1 12.7 59.8 0.3 42.3
2045 21.191 -27.5 13.0 61.3 -0.2 42.5
2046 21.079 -27.9 13.2 62.7 -0.6 42.8
2047 20.969 -28.3 13.4 64.1 -1.1 43.1
2048 20.862 -28.7 13.6 65.4 -1.6 43.3
2049 20.757 -29.0 13.9 66.8 -2.0 43.5
2050 20.655 -29.4 141 68.1 -2.5 43.8
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Table A4 — CO, Emissions from Gas Forecasts for 2018-2050

Total co2 Distange to RMSE Confidence interval (95%)
Years emissions reference
forecasts (f) year: 2010 rmse./f; - -
(Mt) (%) MtCO2 o Lower limit Upper limit

2018 7.570 -26.3 1.4 19.1 5.2 10.0
2019 7.381 -28.1 1.9 25.6 4.3 10.5
2020 7.202 -29.9 2.3 31.7 3.4 11.0
2021 7.030 -31.5 2.6 37.5 2.7 11.4
2022 6.863 -33.2 3.0 43.0 2.0 11.7
2023 6.701 -34.8 3.2 48.4 1.4 12.0
2024 6.544 -36.3 35 53.6 0.8 12.3
2025 6.390 -37.8 3.8 58.7 0.2 12.6
2026 6.240 -39.2 4.0 63.8 -0.3 12.8
2027 6.094 -40.7 4.2 68.7 -0.8 13.0
2028 5.951 -42.1 4.4 73.7 -1.3 13.2
2029 5.813 -43.4 4.6 78.5 -1.7 13.3
2030 5.678 -44.7 4.7 83.4 -2.1 13.5
2031 5.546 -46.0 4.9 88.2 -2.5 13.6
2032 5.418 -47.2 5.0 93.0 -2.9 13.7
2033 5.294 -48.5 5.2 97.8 -3.2 13.8
2034 5.173 -49.6 53 102.6 -3.6 13.9
2035 5.055 -50.8 5.4 107.4 -3.9 14.0
2036 4.941 -51.9 5.5 112.2 -4.2 14.1
2037 4.829 -53.0 5.7 117.0 -4.5 14.1
2038 4.722 -54.0 5.8 121.9 -4.7 14.2
2039 4.617 -55.0 5.8 126.7 -5.0 14.2
2040 4.515 -56.0 5.9 131.5 -5.3 14.3
2041 4.417 -57.0 6.0 136.4 -5.5 14.3
2042 4.321 -57.9 6.1 141.2 -5.7 14.4
2043 4.228 -58.8 6.2 146.1 -5.9 14.4
2044 4.138 -59.7 6.2 151.0 -6.1 14.4
2045 4.050 -60.6 6.3 155.9 -6.3 14.4
2046 3.966 -61.4 6.4 160.9 -6.5 14.5
2047 3.884 -62.2 6.4 165.8 -6.7 14.5
2048 3.804 -63.0 6.5 170.8 -6.9 14.5
2049 3.727 -63.7 6.6 175.8 -7.0 14.5
2050 3.652 -64.4 6.6 180.8 -7.2 14.5
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Table A5 — CO, Emissions from Cement Production Forecasts for 2018-2050

Total co2 Distange to RMSE Confidence interval (95%)
Years emissions reference
forecasts (f) year: 2010 rmse./f; - -
(Mt) (%) MtCO2 o Lower limit Upper limit

2018 2.759 20.7 0.9 30.9 1.4 4.2
2019 2.745 20.1 0.9 33.9 1.2 4.3
2020 2.731 19.4 1.0 36.0 1.1 4.3
2021 2.716 18.8 1.0 37.7 1.0 4.4
2022 2.702 18.2 1.1 39.1 1.0 4.4
2023 2.687 17.5 1.1 40.2 0.9 4.5
2024 2.673 16.9 1.1 41.2 0.9 4.5
2025 2.660 16.3 1.1 42.1 0.8 4.5
2026 2.646 15.7 1.1 42.9 0.8 4.5
2027 2.633 15.2 1.1 43.6 0.7 4.5
2028 2.620 14.6 1.2 44.3 0.7 4.5
2029 2.608 14.1 1.2 45.0 0.7 4.5
2030 2.596 13.5 1.2 45.6 0.7 4.5
2031 2.584 13.0 1.2 46.2 0.6 4.5
2032 2.572 12.5 1.2 46.7 0.6 4.5
2033 2.561 12.0 1.2 47.2 0.6 4.6
2034 2.551 11.6 1.2 47.8 0.5 4.6
2035 2.540 111 1.2 48.2 0.5 4.6
2036 2.530 10.7 1.2 48.7 0.5 4.6
2037 2.520 10.2 1.2 49.2 0.5 4.6
2038 2.511 9.8 1.2 49.6 0.5 4.6
2039 2.502 9.4 13 50.0 0.4 4.6
2040 2.493 9.0 13 50.5 0.4 4.6
2041 2.484 8.6 13 50.9 0.4 4.6
2042 2.476 8.3 13 51.2 0.4 4.6
2043 2.467 7.9 13 51.6 0.4 4.6
2044 2.459 7.6 13 52.0 0.4 4.6
2045 2.452 7.2 13 52.4 0.3 4.6
2046 2.444 6.9 13 52.7 0.3 4.6
2047 2.437 6.6 13 53.1 0.3 4.6
2048 2.430 6.3 13 53.4 0.3 4.6
2049 2.423 6.0 13 53.7 0.3 4.6
2050 2.416 5.7 13 54.0 0.3 4.6

23



Gabinete de Estratégia e Estudos

GEE Papers

Jany

:Are the Dynamics of Knowledge-Based

: Export Diversification and Technological

:Evolugdo do Comércio Externo Portugués de Exportagdo

(1995-2004)
Jodo Ferreira do Amaral

: Nowcasting an Economic Aggregate with Disaggregate

Dynamic Factors: An Application to Portuguese GDP
Antonio Morgado | Luis Nunes | Susana Salvado

Industries Any
Different?
Ricardo Mamede | Daniel Mota | Manuel Godinho

: Competitiveness and convergence in Portugal

Jorge Braga de Macedo

: Produtividade, Competitividade e Quotas de Exportagdo

Jorge Santos

Improvement:
Recent Trends in the Portuguese Economy
Manuel Cabral

: Election Results and Opportunistic Policies: An Integrated

Approach
Toke Aidt | Francisco Veiga | Linda Veiga

: Behavioural Determinants of Foreign Direct Investment

Ricardo Pinheiro-Alves

: Structural Transformation and the role of Foreign Direct

Investment in Portugal: a descriptive analysis for the
period 1990-2005
Miguel de Freitas | Ricardo Mamede

10: Productive experience and specialization opportunities for

Portugal: an empirical assessment
Miguel de Freitas | Susana Salvado | Luis Nunes | Rui
Costa Neves

11: The Portuguese Active Labour Market Policy during the

period 1998-2003 - A Comprehensive Conditional
Difference-In-Differences Application
Alcina Nunes | Paulino Teixeira

12: Fiscal Policy in a Monetary Union: Gains from Changing

Institutions
Susana Salvado

13: Coordination and Stabilization Gains of Fiscal Policy in a

Monetary Union
Susana Salvado

14: The Relevance of Productive Experience in the Process of

Economic Growth: an Empirical Study
Diana Vieira

15: Employment and Exchange rates: the Role of Openness

and Technology
Fernando Alexandre | Pedro Bagdo | Jodo Cerejeira |
Miguel Portela

16: Aggregate and sector-specific exchange rate indexes for

the Portuguese economy
Fernando  Alexandre
Cerejeira | Miguel Portela

| Pedro Bagdo | Jodo

24

17:

18:

19:

20:

21:

22:

23:

24:

25:

26:

27:

28:

29:

30:

31:

32:

33:

The Macroeconomic Determinants of Cross Border
Mergers and Acquisitions and Greenfield Investments
Paula Neto | Antonio Brandao | Antdnio Cerqueira

Does the location of manufacturing determine service
sectors’ location choices? Evidence from Portugal
Nuno Crespo | Maria Paula Fontoura

A hipdtese do Investment Development Path: Uma
Abordagem por Dados em Painel. Os casos de Portugal e
Espanha
Miguel Fonseca | Anténio Mendonga | José Passos

Outward FDI Effects on the Portuguese Trade Balance,
1996-2007
Miguel Fonseca | Anténio Mendonga | José Passos

Sectoral and regional impacts of the European Carbon
Market in Portugal
Margarita Robaina Alves | Miguel Rodriguez | Catarina
Roseta-Palma

Business Demography Dynamics in Portugal: A Non-
Parametric Survival Analysis
Alcina Nunes | Elsa Sarmento

Business Demography Dynamics in Portugal: A Semi-
parametric Survival Analysis
Alcina Nunes | Elsa Sarmento

Digging Out the PPP Hypothesis: an Integrated Empirical
Coverage
Miguel de Carvalho | Paulo Julio

Regulagdo de Mercados por Licenciamento
Patricia Cerqueira | Ricardo Pinheiro Alves

Which Portuguese Manufacturing Firms Learn by
Exporting?

Armando Silva | Oscar Afonso | Ana Paula Africano

Building Bridges: Heterogeneous Jurisdictions, Endogenous
Spillovers, and the Benefits of Decentralization
Paulo Julio | Susana Peralta

Andlise comparativa de sobrevivéncia empresarial: o caso
da regido Norte de Portugal
Elsa Sarmento | Alcina Nunes

Business creation in Portugal: Comparison between the
World Bank data and Quadros de Pessoal
Elsa Sarmento | Alcina Nunes

The Ease of Doing Business Index as a tool for Investment
location decisions
Jodo Zambujal Oliveira | Ricardo Pinheiro Alves

The Politics of Growth: Can Lobbying Raise Growth and
Welfare?
Paulo Julio

The choice of transport technology in the presence of
exports and FDI
José Pedro Ponte | Armando Garcia Pires

Tax Competition in an Expanding European Union
Ronald Davies | Johannes Voget



34:

35:

36:

37:

38:

39:

40:

41:

42:

43:

44

45:

46:

47:

48:

49:

50:

51:

The usefulness of State trade missions for the
internationalization of firms: an econometric analysis
Ana Paula Africano | Aurora Teixeira | André Caiado

The role of subsidies for exports: Evidence from
Portuguese manufacturing firms
Armando Silva

Criagdo de empresas em Portugal e Espanha: analise

comparativa com base nos dados do Banco Mundial
Elsa Sarmento | Alcina Nunes

Economic  performance and international trade
engagement: the case of Portuguese manufacturing
firms
Armando Silva | Oscar Afonso | Ana Paula Africano

The importance of Intermediaries organizations in
international R&D  cooperation: an  empirical
multivariate study across Europe
Aurora Teixeira | Margarida Catarino

Financial constraints, exports and monetary integration -

Financial constraints and exports: An analysis of
Portuguese firms during the European monetary
integration

Filipe Silva | Carlos Carreira

FDI and institutional reform in Portugal
Paulo Julio | Ricardo Pinheiro-Alves | José Tavares

Evaluating the forecast quality of GDP components
Paulo Julio | Pedro Esperancga | Jodo C. Fonseca

Assessing the Endogeneity of OCA conditions in EMU
Carlos Vieira | Isabel Vieira

Labor Adjustment Dynamics: An Application of System
GMM
Pedro Esperanga

Corporate taxes and the location of FDI in Europe using
firm-level data
Tomas Silva | Sergio Lagoa

Public Debt Stabilization: Redistributive Delays versus
Preemptive Anticipations
Paulo Julio

Organizational Characteristics and Performance of Export
Promotion Agencies: Portugal and Ireland compared
Inés Ferreira | Aurora Teixeira

Evaluating the forecast quality of GDP components: An
application to G7
Paulo Julio | Pedro Esperancga

The influence of Doing Business’ institutional variables in
Foreign Direct Investment
Andreia Olival

Regional and Sectoral Foreign Direct Investment in
Portugal since Joining the EU: A Dynamic Portrait
Irina Melo | Alexandra Lopes

Institutions and Firm Formation: an Empirical Analysis of
Portuguese Municipalities
Simdo Arouca

Youth Unemployment in Southern Europe
Jodo Ledo | Guida Nogueira

52:

53:

54:

55:

56:

57:

58:

59:

60:

61:

62:

63:

64:

65:

66:

67:

68:

69:

Gabinete de Estratégia e Estudos

Financiamento da Economia Portuguesa: um Obstaculo ao
Crescimento?
Jodo Ledo | Ana Martins | Jodo Gongalves

O Acordo de Parceria Transatlantica entre a UE e os EUA
constitui uma ameaga ou uma oportunidade para a
Economia Portuguesa?

Jodo Ledo | Guida Nogueira

Prescription Patterns of Pharmaceuticals
Ana Gongalves

Economic Growth and the High Skilled: the Role of Scale
Eects and of Barriers to Entry into the High Tech
Pedro Gil | Oscar Afonso | Paulo Brito

Finangas Publicas Portuguesas Sustentdveis no Estado
Novo (1933-1974)?
Ricardo Ferraz

What Determines Firm-level Export Capacity? Evidence
from Portuguese firms
Ana Gouveia | Ana Luisa Correia

The effect of developing countries' competition on regional
labour markets in Portugal
Tiago Pereira

Fiscal Multipliers in the 21st century
Pedro Brinca | Hans Holter | Per Krusell | Laurence
Malafry

Reallocation of Resources between Tradable and Non-
Tradable Sectors in Portugal: Developing a new
Identification Strategy for the Tradable Sector
Ana Fontoura Gouveia | Filipa Canas

Is the ECB unconventional monetary policy effective?
Inés Pereira

The Determinants of TFP Growth in the Portuguese
Manufacturing Sector
Daniel Gongalves | Ana Martins

Practical contribution for the assessment and monitoring
of product market competition in the Portuguese
Economy — estimation of price cost margins
Luis Folque

The impact of structural reforms of the judicial system: a
survey
Ana Gouveia | Silvia Santos | Corinna Herber

The short-term impact of structural reforms on
productivity growth: beyond direct effects
Ana Gouveia | Silvia Santos | Inés Gongalves

Assessing the Competitiveness of the Portuguese Footwear

Sector
Fabio Batista | José Matos | Miguel Matos

The empirics of agglomeration economies: the link with
productivity
Ana Gouveia | Silvia Santos | Marli Fernandes

Determinants of the Portuguese GDP stagnation during the
2001-2014 period: an empirical investigation
Carlos Figueira

Short-run effects of product markets’ deregulation: a more
productive, more efficient and more resilient economy?
Ana Gouveia | Silvia Santos | Gustavo Monteiro

25



Gabinete de Estratégia e Estudos

70: Portugal: a Paradox in Productivity
Ricardo Pinheiro Alves

71: Infrastructure  Investment, Labor Productivity, and
International Competitiveness: The Case of Portugal
Alfredo Pereira | Rui Pereira

72: Boom, Slump, Sudden stops, Recovery, and Policy Options.
Portugal and the Euro
Olivier Blanchard | Pedro Portugal

73: Case Study: DBRS Sovereign Rating of Portugal. Analysis of
Rating Methodology and Rating Decisions
Annika Luisa Hofmann | Miguel Ferreira | Jodo Lampreia

74: For Whom the Bell Tolls: Road Safety Effects of Tolls on
Uncongested SCUT Highways in Portugal
Alfredo Pereira | Rui Pereira | Jodo Pereira dos Santos

75: Is All Infrastructure Investment Created Equal? The Case of
Portugal
Alfredo Pereira | Rui Pereira

76: Why Virtuous Supply-Side Effects and Irrelevant Keynesian
Effects are not Foregone Conclusions: What we Learn
from an Industry-Level Analysis of Infrastructure
Investments in Portugal
Alfredo Pereira | Rui Pereira

77:The Role of Gravity Models in Estimating the Economic
Impact of Brexit
Graham Gudgin | Ken Coutts | Neil Gibson | Jordan
Buchanan

78: Infrastructure Investment in Portugal and the Traded/Non-
Traded Industry Mix
Alfredo Pereira | Rui Pereira

79: Goods and Factor Market Integration: A Quantitative
Assessment of the EU Enlargement
Lorenzo Caliendo | Fernando Parro |
Opromolla | Alessandro Sforza

Luca David

80: Understanding productivity dynamics:a task taxonomy
approach
Tiago Fonseca | Francisco Lima | Sonia C. Pereira

81: On the Effects of Infrastructure Investments on Industrial
CO2 Emissions in Portugal
Alfredo Pereira | Rui Pereira

82: Assessing Competition With the Panzar-Rosse Model: An
empirical analysis of European Union banking industry
Suzana Cristina Silva Andrade

83: Health Care Investments and Economic Performance in
Portugal: An Industry Level Analysis
Alfredo Pereira | Rui Pereira | Pedro G. Rodrigues

84:Is deregulation of product and labour markets promoting
employment and productivity? A difference-in-
differences approach
Hugo Correia | Ana Fontoura Gouveia

85: Foreign acquisition and internal organization
Paulo Bastos | Natalia P. Monteiro | Odd Rune Straume

86: Learning, Prices, and Firm Dynamics
Paulo Bastos | Daniel A. Dias | Olga A. Timoshenko

87: The Diffusion of Knowledge via Managers’ Mobility
Giordano Mion | Luca David Opromolla | Alessandro
Sforza

26

88: Empresas Zombie em Portugal - Os sectores ndo
transaciondveis da Construgdo e dos Servigos
Gabriel Osério de Barros | Filipe Bento Caires | Dora
Xarepe Pereira

89: Collective bargaining through the magnifying glass: A
comparison between the Netherlands and Portugal
Alexander Hijzen | Pedro Martins | Jante Parlevliet

90: A Lower VAT Rate on Electricity in Portugal: Towards a
Cleaner Environment, Better Economic Performance,
and Less Inequality
Alfredo Pereira | Rui Manuel Pereira

91: Who Seeks Re-Election: Local Fiscal Restraints and Political
Selection
Susana Peralta | Jodo Pereira dos Santos

92: Assessing the Competitiveness of the Metalworking Sector
Jodo Marinho | Pedro Carvalho

93: The efficiency of Portuguese Technology Transfer Offices
and the importance of university characteristics
Aurora Teixeira | André Monteiro

94: Persistence in innovation and innovative behavior in
unstable environments
Joana Costa | Anabela Botelho | Aurora Teixeira

95: The effect of entrepreneurial origin on firms’ performance
- The case of Portuguese academic spinoffs
Natdlia Barbosa | Ana Paula Faria

96: Absorptive Capacity and Firms’ Generation of Innovation -
Revisiting Zahra and George’s Model
Dina Pereira | Jodo Leitdo

97: Innovations in digital government as business facilitators:
implications for Portugal
Jodo Martins | Linda Veiga

98: Innovation and the economic downturn: Insights from
Portuguese firms
Hugo Pinto | Tiago Santos Pereira | Elvira Uyarra

99: European Funds and Firm Dynamics: Estimating Spillovers
from Increased Access

100: Corporate Leverage and Investment in Portugal
Ana Martins | José Henrique Gongalves | Jodo Mario
Ferreira Duque

101: The effects of official and unofficial information on tax
compliance
Filomena Garcia | Luca David Opromolla | Andrea
Vezzulli | Rafael Marques

102: Competition effect on innovation and productivity - The
Portuguese case
Anabela Santos | Michele Cincera | Paulo Neto | Maria
Manuel Serrano

103: Measuring the Welfare of Intermediation in Vertical
Markets
Javier D. Donna | Pedro Pereira | Tiago Pires | Andre
Trindade

104: Of course Collusion Should be Prosecuted. But Maybe...
Or (The case for international antitrust agreements)
Filomena Garcia | Jose Manuel Paz y Mind | Gustavo
Torrens



105:

106:

107:

108:

109:

110:

111:

112:

113:

114:

115:

116:

Product market competition and gender discrimination
Dudley Cooke | Ana P. Fernandes | Priscila Ferreira

Integration of Small Firms in
Aeronautics

Anabela Reis | Joana Mendonga | Ligia Urbina

Technology-Based

The Effects of Highway Tolls on Private Business Activity —
Results from a Natural Experiment
Jodo Pereira dos Santos | David B. Audretsch | Dirk
Dohse

Competition and Firm Productivity: Evidence from
Portugal

Pedro Carvalho

Do Exchange Traded Funds (ETFs) Outperform the
Market? Evidence from the Portuguese Stock Index
Carlos Manuel Pinheiro | Hugo Hilario Varela

Assessing the Competitiveness of the Portuguese
Chemical Sector

Ana Rita Marques | Cétia Silva

A General Equilibrium Theory of Occupational Choice
under Optimistic Beliefs about Entrepreneurial Ability
Michele Dell'Era | Luca David Opromolla | Luis Santos-
Pinto

O Mercado Segurador em Portugal: O Papel dos Gestores
na Constitui¢do de ProvisGes
Soraia de Sousa Bornett | Carlos Manuel Pinheiro

Exploring the implications of di erent loan-to-value
macroprudential policy designs

Rita Basto | Sandra Gomes | Diana Lima

The Determinants of TFP Growth in the Portuguese
Service Sector
Ana Martins | Tiago Domingues | Catarina Branco

Agglomeration and Industry Spillover Effects in the
Aftermath of a Credit Shock
José Jorge | Joana Rocha

Entrepreneurial Human Capital and Firm Dynamics
Francisco Queird

117:

118:

119:

120:

121:

122:

123:

124:

125:

Gabinete de Estratégia e Estudos

Global Value Chains and Vertical Specialization: The case
of Portuguese Textiles and Shoes exports
Tiago Domingues

Firm heterogeneity and exports in Portugal: Identifying
export potential
Frederico Oliveira Torres

Vantagens Comparativas Reveladas e suas determinantes:
Uma Aplicagdo a Economia Portuguesa
Guida Nogueira | Antonio Portugal Duarte

A Look at the main channels of Potential Impact of Brexit
on the Portuguese Economy
Guida Nogueira | Paulo Inacio

How internationalization and competitiveness contribute
to get public support to innovation? The Portuguese
case
Anabela Santos, Michele Cincera, Paulo Neto and Maria
Manuel Serrano

Grande Guerra e Guerra Colonial: Quanto Custaram aos
Cofres Portugueses?
Ricardo Ferraz

Financing a Renewable Energy Feed-in Tariff with a Tax on
Carbon Dioxide Emissions: A Dynamic Multi-Sector
General Equilibrium Analysis for Portugal
Rui M. Pereira and Alfredo M. Pereira

Brown Sugar, how come you taste so good? The impact of
a soda tax on prices and consumption
Judite Gongalves and Jodo Pereira dos Santos

ARFIMA Reference Forecasts for Worldwide CO2
Emissions and the National Dimension of the Policy
Efforts to Meet IPCC Targets
José Beirute and Alfredo M. Pereira

27



Gabinete de Estratégia e Estudos

28



Gabinete de Estratégia e Estudos

\WVOL00kEE 0D,
1y

4101111100000

111000 %
wr/'ﬂJo,,,’a
00,
13,
i




