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Abstract

Forecasting regional variables provides very imgdrtinformation for political, institutional and
economic agents. In this paper, we use predictiams spatial panel data models to evaluate regional
resilience to the present economic crisis in teoff@nnual growth rate of employment. Furthermore,
we evaluate whether specialization plays a sigmificole in the degree of resilience to the economi
crisis suffered in Spain from 2007. Results shovat thvhile specialization in energy and
manufacturing, construction or finance and othdvdies in the tertiary sector decreases resiket
the crisis, specialization in distribution, trangpand common services enlarges the availability of
returning to his pre-shock growth path. Furthermdieose regions specialized in distribution,
transport and common services and agriculture\aee super-resilience to the crisis.

Keywords. forecasting regional data, resilience to the $baaconomic crisis, role of specialization,
dynamic spatial panel data model

JEL Classification Codes: C21, C22, C23, C53, R15

1. Introduction

The field of panel data models has received corelidie attention during the last decade.
Panel data literature offers the opportunity obwaihg for unobservable cross-sectional and
time-period specific effects. Other advantages ahgb data are that these models are
generally more informative and contain more vao@tiand less collinearity between
variables. The use of panel data leads to moreedegsf freedom and, hence, increases the
efficiency of the estimation. Panel data also alfowthe specification of more complicated
behavioural hypotheses, including effects that oaible addressed using pure cross-sectional
or time-series data (Wooldridge, 2002; Arelland)20Hsiao, 2003; Baltagi, 2005).
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When cross-sectional data refers to spatial umitan{cipalities, provinces, regions or
countries) the spatial dependence between crosisis@cunits at each point in time is also
important. Spatial dependence implies that, dusptlbover effects (e.g., commuter labour or
trade flows), neighbouring regions may have sim#gapnomic performance. Hence, we
expect to improve traditional panel data modelsphying attention to the location of the
spatial units. There has been a growing intereshenestimation of panel data models with
spatial dependence: see Kelejian and Prucha (2B08)rst (2003, 2010), Yang et al. (2006),
Baltagi et al. (2006), Kapoor et al. (2007), Kedajiet al. (2006) or Pesaran (2006). Prediction
with these type of models is analysed in Baltagi Bn(2004, 2006) for predicting per-capita
cigarette and liquor consumption in the United &atin Longhi and Nijkamp (2007) for
forecasting the regional labour market in West Garmegions, while Baltagi et al. (2012)
make performance comparison of different spatiakpdata models.

Since there is a consensus on the good perfornwrtbese model for forecasting, aim of
this paper is to use forecasts from a spatial pdael model to evaluate the impact of the
actual economic crisis on annual growth rate of legypent in Spain, following Fingleton
and Palombi (2013). The economic crisis startegpain at the end of 2007, then we estimate
and check several panel data models estimated Her period 1980-2006. Secondly,
estimation results are used to forecast the angumlth rate of employment by Spanish
provinces for the period 2007-2010. The predictedues for each region represent the
counterfactual (or projected) annual growth rateeoiployment expected in absent of the
economic crisis. That is, forecast values purgethefeffect of crisis. Finally, we compare
forecasts with actual values as a measure of tises aeffects on annual growth rate of
employment. Three cases can be distinguishedsmall difference (actual values similar to
its counterfactual) suggests (long-run) regionailience, since the region is able to return to
his pre-shock growth path; ii) a positive differenwould indicate super-resilience since the
region is able to more than rebound; and iii) aatieg difference (actual values below its
counterfactual) suggests lack of resilience orawgifailure to recover from the shock.

Since the economic crisis has not affected toa@hemic sectors equally, our conclusions
will refer to the sectorial specialization of thegrons distinguishing the following sectors: i)
agriculture; ii) energy and manufacturing; iii) &bruction; iv) distribution, transport and
common services; V) finance and other services,vgnaon-market services. We measure the
degree of specialization through the localizatianteent.

The structure of the present paper is as followsSédction 2, we provide a description of
the spatial panel data model we consider in ouliegipn. Section 3 is devoted to the
presentation of the data. In Section 4, we pretemtmain estimation results. Finally, the
paper finishes with a section of concluding remarks

2. Methods
Our base model is the pooled data model:

Y, =XB+¢& t=1,..T

(1)
Vi 1 Xy X a 1t
y, = Yo % = 1 )(1:,2 X a £ = E.Zt
Yre 1 Xp @ Xr Er
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where y, is the annual growth rate of employment at time @ll regions (r=1,...,R)},
represent the matrix of explanatory variables irqgoket, which includes the growth rate of
gross value added and a set of dummy variablesredfdo whether or not region r is
specialised in an specific sector in periogBtrepresent a ((k+1)x1) vector of parameters to
be estimated.

Next, the pooled model (1) is extended by the amration of the vector

M =[u1,u2,...,uR] ‘that captures the individual heterogeneity or, tineo terms, controls for

the effects of omitted variables, as follows:
M1
Y= xB+ute M= “:2 ;o t=1,2,..T (2)
Hr

The individual heterogeneityt can be treated as a vector of fixed parameterketo
estimated or a random vector with a normal distrdy |J~N[O,0ﬁIR:|. In the first case, we

obtain the so-called fixed effects model while sleeond is the random effects model. Finally,
(IS a (Rx1) vector of random terms.

Discussion about random or fixed effects modelsapproutinely in all panel estimations
(Hsiao, 2003). The key issue in this choice corgewhether or not the omitted variables

(represented witlu) are correlated with the explanatory variablesuded in the modelx, ).

As it is well-known, if this is the case, the fixeffects models are consistent, since they
provide a way of controlling for omitted variablea$, while the random effect estimators are
inconsistent. Due to this fact, in our case, weppse the Fixed Effects (FE) model as the
compelling specification since we assume that timéted variables in our model are most
likely correlated with the included ones. Furthereyoas Elhorst (2003) indicates, in the
context of a spatial data set, the FE model issadble because the spatial units of observation
are neither representative of a larger populatimname potentially able to go to infinity in a
regular fashion. Nevertheless, the Hausman (1998)will also be applied to confirm our
decision.

Next, model can be improved from the consideragbtemporal effects (dynamic panel
data model) and of spatial dependence (such agaBpat) X model, SLX, or the Spatial Lag
model, SLM). A general model that includes bothiéssis the dynamic spatial Durbin model,
which can be expressed as follows:

Y= Tyt—1+pWyt+XtB+WXte+|~1+8t (3)

Where the weights matri¥y, is a square R by R matrix whose entries meakersttength
of interregional interaction, and zeros on the nthagonal. Furthermore, model (3) nests the
following dynamic spatial panel data models that akso fit our case:

* The dynamic Spatial Lag Model (SLM):

Yi= Tyt-1+pWyt+XtB+“+€t (4)

* The dynamic Spatial Error Model (SEM):
Yi=TY4t Xt[3 +U+uy
ur =AWy, + ¢4
The nesting structure among previous models is showigure 1.

(5)
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Figure 1. The nesting structure among the propspatial panel data models

Static panel
Y= xB+HU+eg
— Spatial Lag X Model
Dynamic panel Y = XB+Wx O+ [ +g;
=TV, Fxp+U+e
VeZ Tt xBrite Spatial Lag Model, SLM
Y= pWyt+XtB+|J-+€t

Dynamic Durbin Spatial Model

Y= T g+ PWY X B+Wx O+ U+ g4

=0 le=—p[3
Dynamic SLM Dynamic Spatial Error Model, SEM
Y= Tt PWY xS+ +e Y = TVt X B+R+uy
ur = AWy + g

To cope with our objective, we proceed as follows:

1) First, we estimate all models for the period A2®06, and we select the specification
that better fits our data.

i) Secondly, estimation results are used to fosecthe annual growth rate of
employment by provinces for the period 2007-201ie Torecasts are considered as the
counterfactual (or projected) annual growth ratésmployment in absence of the
economic crisis.

i) Finally, we compare forecasted with the actualues as a measure of impact of the
crisis.

3. Data

In the application that follows, we use data oaltemployment in 47 Spanish regions (NUTS
[l administrative spatial unit in terms of Eura3taAs said before, the annual growth rate of
employment will be explained by the annual grovéte rof gross value added. The model also
includes six dummy variables, which capture theeaffon employment growth rate of
regional specialization in the following sectorsagriculture; ii) energy and manufacturing;
iii) construction; iv) distribution, transport ancbommon services; v) finance and other
services; and vi) non-market services. The dataafbthe variables are gathered, for the
period 1980 to 2010, from the Cambridge Database.

Firstly, we show the evolution of total employmeahdng the sampling period (Figure 2).
As observed in the graph, there is a clear decreaseployment around years 2007 and
2008, due to the economic crisis in Spain.
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Figure 2. Evolution of total employment in Sg
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If we pay attention to the evolution of employmdayt the different economic activit
sectors (Figure 3) we observe a similar patterrwél@r, important differences seem to e
among sectors. For instance, while in the agricelgector the level of employment in f
period previous to the crisis remaialmost unaffected, a strong decrease takes platiee
cases of construction or energy and manufactt

Figure 3. Evolution of employment in the differemonomic sectors in Spi
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As indicated before, we want to analyse the rolgpacialization c employment growtl
rate. To cope with this objective, we calculate ltwlization quotient (originally introduce
by Florence, 1939) for regica and sector in period t,QL, ,, as follows:

E/
QL. , = ach (6)

irt = Ei.yt
E

ot
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where E’, measures the number of employees in seédtoperiod tE;,, the total number of

employees in Spain (the 47 regions as a wholegiiog t; E',, the number of employees in

sectori and regiorr in period t; andE!, the total number of employees in regroin period

t.

Figure 4. Location quotes by economic sector9ih02 Specialized regions in the different econaseictor in
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The localization quotient is a ratio that measuinesregional share of workers in a specific
sector relative to the national share of workershat sector. If the localization quotient is
larger than one, we conclude that the sector hagar share of the employees in that region
than the country as a whole, implying that thisaags more specialized than average in the
sector.

The localization quotients have been calculatedHerperiod 1980-2010. From them, we
have generated the corresponding dummy variabpsi, that take a value of one if the
corresponding region is specialized in sect@its localization quotient has a value greater
than one), (i= agriculture; energy and manufactyroonstruction; distribution, transport and
common services; finance and other services; andnmerket services). An example on the
information generated is shown in Figure 4.

4. Results

We begin by estimating the pooled panel data mofdetjuation (1). Results are shown in the
first column of Table 1. Next, we estimate the Eix&ffects (FE) model (second column).
The Hausman test confirms that this model outper$athe random effects model.

Next, we enlarge the model taking into accountdpatial nature of the data through the
estimation of the FE-SLX model (third column). Irder to do that, first, we define the spatial
weight matrix ¥V) as the row-normalization of the four-nearest hietg binary matrik
However, specification tests do not give supportties model. Regarding, temporal
autocorrelation, the Breusch-Godfrey test confitimst the null hypothesis of no temporal
autocorrelation is rejected. Furthermore, the ofitho spatial autocorrelation, in the form of
SLM or SEM structures, is also rejected. Consedyeat this stage, we estimate the more
general nesting model defined in equation (3),dxeamic Spatial Durbin Model (dynamic
SDM), which nests the dynamic Spatial Lag Modeh@uyic, SLM) and the dynamic Spatial
Error Model (dynamic SEM). Results for the corresgiog Likelihood Ratio (LR) tests
indicate that the dynamic SLM specification is gneferred option for our data.

After the estimation of the dynamic SLM, we condutiat, in the pre-crisis period, there
was a strong time persistence on the Spanish datangployment growth as well as
significant spatial dependence among regions. Aseed, the annual growth rate of the
regional value added positively affects annual e@ymlent growth. Finally, regarding
specialization, only specialization in agricultucenstruction and non-market services have a
positive (but not significant) effect on annual déoyment growth, while a specialization in
distribution, transport and common services seembet negative for annual employment
growth in the pre-crisis period.

Next, estimation results (from period 1980-2006) ased to forecast the annual growth
rate of employment by province for the period 2@02-:0. However, as our main objective is
to obtain the employment growth rate purged of effect of crisis, we derive the future
values of explicative variables as a seven-yearingoaverage method in order to smooth the
original data obtaining series that approximate lttveg term underlying trend(we follow
Fingleton and Palombi, 2013). The predicted valioeseach region and time represent the
counterfactual (or projected) employment growtlesah absence of the economic crisis.

! We choose the four-nearest neighbor specificdtioiV due to the fact that employment flows arepaged to
be more influenced by the distance between regdtwas by the contiguity or not among regions. Howewer
results are consistent with other W matrices.
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Table 1. Estimated parameters for alternative nsoaet! specification tests (1980-2096§

Dependent Variable: Aln (total employment)
Pooled Fixed- FE- SLX Dynamic  Dynamic

(OLS) Effect Spatial Spatial
(FE) Durbin Lag
Model Model
Constant -0.003 -0.002 -0.006
(-0.69) (-0.43) (-1.17)
Aln (total employment) 0.086* 0.088*
(3.34) (3.47)
ALn (gross value addeg) 0.553* 0.527* 0.457* 0.435* 0.444*
(18.62) (17.51) (14.412) (14.20) (15.01)
W ALn (gross value addeg) 0.294* 0.044
(6.14) (0.83)
Dsp_agriculture -0.007* 0.003 0.001 0.146 0.167
(-2.52) (0.50) (0.17) (0.28) (0.32)
Dsp_ Energy and Manufagt. 0.006* 0.001 -0.001 -0.479 -0.483
(2.42) (0.12) (-0.13) (-1.13) (-1.14)
Dsp_ Constructiop 0.006* 0.006* 0.006* 0.361 0.353
(3.12) (2.58) (2.61) (1.59) (1.55)
Dsp_ Dist., trans, c. services -0.005* -0.012* -0.012* -1.026* -1.013*
(-2.13) (-3.81) (-3.90) (-3.37) (-3.34)
Dsp_Finance and o. serviges -0.002 -0.017* -0.015* -1.068 -1.069
(-0.54) (-2.96) (-2.58) (-1.90) (-1.90)
Dsp_Non-market services 0.008 0.009* 0.007* 0.481 0.487
(3.72) (3.13) (2.65) (1.83) (1.86)
I[) 0.256* 0.267*
(7.61) (8.76)

Testing for panel specification

Hausman Test
Ho: Random Effect (RE) 39.01*
H,: Fixed Effect (FE)

Testing for temporal autocorrelation
Breusch-Godfrey Test: 26.86*
Ho: No autocorrelation
Hi: Autocorrelation

Testing for spatial panel autocorrelation

LM test no spatial lag 87.01*

Robust LM test no spatial lag 22.70*

LM test no spatial error 71.08*

Robust LM test no spatial error 6.77*

Testing for spatial and time panel specification

LR test, Dynamic (D.) SDM vs. Static SDM 11.18*
Ho: Static SDM; H: D. SDM

LR test, Dynamic (D.) SDM vs. D. SEM 11.21*
Ho: D. SEM; H: D. SDM

LR test, D. SDM vs. D. SLM 0.70

Ho: D. SLM; H;: D. SDM
(a) T-ratios in parenthesis. (b) An * means signifioaat the 5% level.

Finally, forecast error (f.e.) for each region amde period is obtained as the difference
between the actual employment growth and the fetedavalues. This measure resumes the
effect of the economic crisis. Table 2 shows themef the forecast errors for the post-crisis
period (2007-2010) of all the regions which, aseted, is negative (-0.059). T-statistic tests
are carried out to classify Spain as a whole asobribe three categories: i) not affected by
the crisis, if we cannot reject the nuly:HE[f.e.]=0 against the alternative;He[f.e.]# 0; ii)
super-resilience, if we reject the nuly:HE[f.e.]=0 against the alternative :He[f.e.]>0; or iii)
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lack of resilience, if we reject the nulloHE[f.e.]=0 against the alternative;HE[f.e]<O0.
Results gathered in Table 2 shows that, on avethges is a lack of resilience or failure to
recover from the shock.

Table 2. Testing on forecast error (f.e.) fromdyaamic FE-SLM model in post-estimation sample (jooisis:
2007-2009) for ALL the regions

fc')\feefgst T-statistic:  Ho: E[f.e]J=0 Hg E[f.e]=0 Hg: E[f.e.]=0 Conclusion
error Ho: E[f.e.]=0 H: E[f.e]# 0 Hj E[f.e.]>0 Hy E[fe]<0
NOT REJECT Lack of Resilience
-0.059 5851  REJECT (R) (NR) REJECT (R) (Lack of R)

Finally, the role of specialization on resiliencethe crisis is analysed by disaggregating
these forecasts by regional specialization categoiResults referred to specialized regions
are gathered in Table 3. Data in the main diagffoainstance, elements on call)) refer to
those regions specialized in only one sector (ihdicated in row/column). Data outside
main diagonal (for instance, elements on dgl))(refer to regions specialized in two sectors
(those indicated in row and columnj). Within cells, the four items refer to the follow
issues: the first refers to the mean forecast efdhe corresponding provinces; the second
refers to the t-test to test that the expectedevaluforecast error is equal to zero; the third
results refers to the conclusion on Rejection (RNot Rejection (NR) of the null against
three alternative # 0/ >0 / <0; the fourth item refers to the classifion of this group of
provinces.

As shown in Table 3, most of the cells reflect slaene conclusion as that for the case of
Spain: lack of resilience to the economic crisiseTworst situation corresponds to those
regions specialized in construction, finance arfteoservices or energy and manufacturing.
Table 3 shows that there are three important ekxaeptone refers to the super-resilience of
the regions specialized in agriculture and in dhstion, transport and common services,
since they have improved their annual employmenivtr more than expected, in spite of the
economic crisis. The two other exceptions refeth® small impact of the crisis for two
groups of provinces: i) provinces specialized omlydistribution, transport and common
services; and ii) provinces specialized both itrdtigtion, transport and common services and
in non-market services.

Finally, similar information has been obtained fioe case of provinces not specialized in
any sectors. Results appear in Table 4.

As shown in Table 4, all the non-specialized proes suffer from a lack of resilience.
Whether the impact on specialized and non-speeliegions is significantly different can
be analysed through the corresponding t-tests, eviesailts are displayed in Table 5.

As shown in Table 5, the level of resilience to #m®nomic crisis is significantly higher
for specialized provinces in the following sectoi¥: agriculture; ii) agriculture and
distribution, transport and common services; igjieulture and non-market services; and iv)
distribution, transport and common services and-market services. On the contrary, level
of resilience is significantly lower for the proees specialized in the following sectors: i)
energy and manufacturing; ii) construction; iiipdnce and other services; iv) energy and
manufacturing and construction; v) energy and mectufing and finances and other
services; vi) construction and finance and othevises; and vii) finance and non-market
services.
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Table 3. Testing on forecast error (f.e.) fromdyaamic FE-SLM model in post-estimation sample (jooisis:
2007-2009) for SPECIALISED regioff$

Distribution

Agricul- Energy and Construc- transport Finance Non- market
ture man.ufac- tion common and cher services
turing . services
services
-0.239
. -3.0675
Agriculture R/NR/R
Lack of R.
-0.369 -0.531
Energy and -3.810 -7.001
manufacturing R/NR/R R/NR/R
Lack of R. Lack of R.
-0.355 -0.706 -0.506
Construction -3.874 7.556 -6.275
R/NR/R R/NR/R R/NR/R
Lack of R. Lackof R. Lack of R.
Distribution, 0.465 -0.404 -0.489 -0.272
transport and 2.124 -3.327 -2.938 -1.939
common R/R/NR R/NR/R R/NR/R R/NR/NR
services Super R.  Lackof R. Lackof R. No affection
-0.668 -0.735 -1.184 -0.742 -0.887
Finance and -5.336 -4.937 -5.584 -3.07 -6.422

other services R/NR/R R/NR/R R/NR/R R/NR/R R/NR/R
Lack of R. Lackof R. Lack of R. Lack of R. Lack of R.

-0.195 -0.463 -0.364 -0.023 -1.034 -0.354
Non- market -1.992 -4.331 -3.261 -0.06 -5.439 -3.781
services R/NR/R R/NR/R R/NR/R NR/NR/NR R/NR/R R/NR/R

Lackof R. Lackof R. Lackof R. Noaffection Lackof R Lack of R.

(a) Within cells, the four items refer to the followinthe first refers to the mean forecast error ef th
corresponding regions; the second refers to tkstttb test that the expected value of forecast err
is equal to zero; the third results refers to thectusion on Rejection (R) or Not Rejection (NR) of
the null against three alternativZ 0/ >0 / <0; the fourth item refers to the classifion of this
group of regions.
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Table 4. Testing on forecast error (f.e.) fromdyaamic FE-SLM model in post-estimation sample (joossis:
2007-2009) for NON-SPECIALISED regiof$

Energy and Distribution Finance

Agricul- Construc- transport Non- market
ture man.ufac- tion common and cher services
turing . services
services
-0. 937
. -9.319
Agriculture R/NR/R
Lack of R.
-0.444 -0.300
Energy and -5.077 -2.685
manufacturing R/NR/R R/NR/R
Lack of R. Lack of R.
-0.492 -0.293 -0.243
Construction -5.00 ~3.440 -2.065
R/NR/R R/NR/R R/NR/R
Lackof R. Lackof R. Lackof R.
Distribution, -0.508 -0.422 -0.409 -0.464
transport and -7.578 -5.667 -5.617 -6.088
common R/NR/R R/NR/R R/NR/R R/NR/R
services Lack of R. Lackof R. Lack of R. Lack of R.
-0.406 -0.381 -0.377 -0.409 -0.342
Finance and -5.777 -5.243 -5.511 -5.961 -4.683
other services R/NR/R R/NR/R R/NR/R R/NR/R R/NR/R
Lackof R. Lackof R. Lackof R. Lack of R. Lack of R.
-0.642 -0.411 -0.460 -0.451 -0.367 -0.518
Non- market -7.479 -5.264 -5.549 -6.816 -5.274 -5.681
services R/NR/R R/NR/R R/NR/R R/NR/R R/NR/R R/NR/R

Lack of R. Lackof R. Lack of R. Lack of R. Lack of R Lack of R.

(a) Within cells, the four items refer to the followinte first refers to the mean forecast error ef th
corresponding regions; the second refers to thetttb test that the expected value of forecast err
is equal to zero; the third results refers to thectusion on Rejection (R) or Not Rejection (NR) of
the null against three alternativZ 0/ >0 / <0; the fourth item refers to the classifion of this
group of regions.

Table 5. T-test to test significant differencesresilience to economic crisis between SPECIALISED BION-
SPECIALISED region&

Ener Distribu-
. 9y tion Finance Non-
Agricul- and Construc-
. transport and other  market
ture manufac- tion . .
) common  services  services
turing }
services
Agriculture 4.833*
Energy and 0520  -1.732*
manufacturing
Construction 1.023  -2.898*  -1.855*
Distribution, ransport =y 346¢ o090 -0.396  1.199
and common services
Finance and other 0875  -1.669% -2.739*  -0.869  -2.899*
services
Non- market services 5 ¢ -0.291 0.704  1.685*  -2.736* 1.207

(a) An * means that differences are significantly hig(ié positive) or lower (if negative) at 5% level
of significance.
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5. Concluding remarks and references

The econometric literature stresses the good pudoce of panel data models, in general,
and spatial panel data models, in particular, &ptering unobservable heterogeneity present
in the data. The results can be used for analyaingredicting an economic variable. In this
paper, we show the potential use of these modets rasasure of the effect of the Spanish
economic crisis on employment growth rate. We fooasthe role of specialization on the
economic resilience to the crisis. A dynamic FE-Skpatial panel model is selected as the
best specification for explaining the annual grostlemployment rate in Spain for the period
1980-2006. Forecasts are generated for the pe€iéd-2010, representing the counterfactual
(or projected) employment growth rates in absentcéhe economic crisis. Finally, we
compare actual with forecast values as a measuhe @ffects of the crisis.

Our main results are the following. First, as exeéc the economic crisis caused a
significant decrease in annual employment growtiesran mostly all sectors. However,
specialization makes a difference in the regioeailience: i) specialization in energy and
manufacturing, construction or finance and othevises decreases resilience to the crisis; ii)
the specialization in distribution, transport am@nenon services increases the chances of
returning to the pre-shock growth path; and finallij the specialization in distribution,
transport and common services and agriculture madgens super-resilience to the crisis.
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