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Abstract

We develop a sub-national version of the GTAP mddelltaly. The upgraded model allows assessingemor
properly the trade and environmental policies anslimcks, whose effects can be largely differemhiwia country. We
use an innovative method to estimate bilateraletridws across sub-national regions. In additidwg theoretical
structure is modified in order to incorporate tlsgibility of an increasing spatial mobility in botactors and goods
market at sub-country level. We carry out a simpiperiment to test the robustness of our modelulResre
consistent with the standard CGE assumptions; ngotowards more competitive and integrated marketggative
shock results in a lower loss in terms of welfare.

1. Introduction

In this paper we describe the methodology to baiklib-national version of the GTAP model.
GTAP stands foglobal trade analysis projecit is a widespread model and database among CGE
(computable general equilibridmmodellers. It performs economic analysis of traded
environmental policies or assesses the economisequences of climate change impacts. This
work is an application to Italy. However, the meatblngy can be applied to other countries
according to the data availability at the sub-coutgvel. In this first version, we work with 10
sectors and three Italian macro-regions (North,ti@erSouth). As a next step, the model will be
extended to all 20 Italian regions and 57 GTAP @sctAt this stage, the aim is not to have a
realistic picture of the policy effects but rathter understand how the model works from an
economic point of view and its potential contrilouti

The motivations for such a work are important. t-ifsw global CGE models exist at the sub-
national level due to the difficulty to create maity consistent social accounting matrixes for a
large number of sub-national regionNevertheless, the trade and environmental poliéeided at
the world level may raise significant effects adosub-country level, highlighting distributional
issues that require consistent and differentiatdityactions.

Second, concerning issues such as climate changera detailed geographical localization
represents an important tool to assess more pyopleel economic consequences of physical
impacts. For example, given a physical impact atltical level, the economic effects are likely to
be stronger in a specific sub-national region babuld also be interesting to analyse to whatréxte
they interact with other regions within a countrydaalso the rest of the world. The potential to
impose differentiated shocks within a country ctntgs one of the main strengths in this type of
model.

! For a brief survey of the literature on sub-naio8GE global models see section 2 in Pesalal. (2012). For an
extensive literature see Rodriguez (2007).



In order to regionalize GTAP at sub-country lewbe methodological approach implies two
main tasks to be developed/accomplished. Thedistis the database development and second one
the model improvement.

Regarding the first task, the major effort in binlyl a sub-national CGE database consists in
estimating the trade flows across sub-nationaloregyi Due to the lack of data, this is usually done
through a gravitational approach as in Horridge Ahtiwer (2010) and Dixomet al. (2012).

We propose an alternative and innovative appro&¢a. combine in a consistent way two
sources of information: transport data and econgméziuction data both from ISTATItélian
National Statistical Institude

The second task requires modifying the theorestalcture of the model to take into account
two different degrees of factors and goods mobilitgtional and sub-national). In fact, both goods
and factors are expected to move easier withicolatry than between countries.

In order to have a validation of the different gpeations we carry out a simple experiment (a
uniform world decrease by 20% in land productivijpd we compare the results coming from the
GTAP model and our modified sub-national versidRssults on welfare are robust with respect to
the standard GTAP model and consistent with the @&a&classical framework (welfare improves
when moving towards more competitive and integratearkets). The sensitivity analysis on
elasticity parameters also shows consistent ecanmsults.

The paper is organized as follows. Section 2 ptesdgsta and the estimation strategy to obtain
trade flows across sub-national regions. Sectidestribes the model improvement for the factors
and goods market. Section 4 lays out the resulteeexperiment and sensitivity analysis. Section
5 concludes and sketches some ideas for futurandse

2. Database development

Our starting point is GTAP 7 database (Narayan®®8®, consisting of 57 sectors and 113
countries or groups of countries. The reference ge2004.

Concerning the sub-national sources, we collea ttam ISTAT, which provides two types of
information. For the first type of information, datn value added, labour and land for the 20 ftalia
regions and 40 sectors covering all the econonstesy are available.

For the second type of information, ISTAT reporttateral flows of carried goods (tons) by
mode of transportation (truck, rail, water and &or)the 20 Italian regions. However, limitatioms i
terms of sector coverage (data available only @adricultural/industrial sectors) and measurement
unit (volume rather than economic value) eXist.

It is worth noting that this is mainly a methoddlmg work. For this reason, we keep the sectoral
and geographical aggregation simple with only 1€tae and three lItalian sub-national regions
(North, Centre and South). The other GTAP countaiesincluded in two large groups, European
Union and Rest of the World.

We follow a two-steps procedure to derive the sational database for Italy described,
respectively, in sub-sections 2.1 and 2.2. Alldaga refer to 2004, the base year in GTAP 7.

2.1 Splitting the production side

The first step consists in splitting the ltaliaroguction using the ISTAT information about
economic production.

Practically, the statistical procedure is the failog. First, we match the 40 ISTAT sectors with
the 10 GTAP sectors chosen in our aggregation. Mremistribute the Italian value added and

2 For the moment, we use the overall amount of edmgoods as a proxy in the service sectors.
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primary factors in GTAP across the three Italiarcroaegions using the shares of ISTAT for value
added labour and land. Capital is computed asfaréifce between value added and labour. For
sectors, which use also natural resources (anptivaary factor in GTAP) we take the sub-national
share of value added in those sector as a proxy.

The sub-regional input-output tables are derivesugséng that intermediate inputs of origin
sectori in the destination sectgrare distributed according to the value added simtbe origin
sector. For example, the economic value of thecaljural goods which the Italian manufactures
purchase in Italy are split based on the agricaltualue added share in the sub-national region.

2.2 Estimation of trade flows acr oss sub-national regions

The second step is the most challenging becauseee® to determine the bilateral trade flows
across sub-national regions. These data are véey ofissing. As mentioned before researchers
usually use the gravitational approach to estirttegdrade flows as in Horridge and Wittwer (2010)
and Dixonet al. (2012). By this method, the bilateral trade flomsoss sub-national regions are
estimated using the sectoral production in theimrend destination regions and the distance
between them, following the gravity equation asthe Newtonian physics. Consequently, it is
possible to overcome the problem of the missing.d&his comes at cost to introduce some
distortions and inconsistencies because otherblagare likely to play a role in the determination
of the trade across regions (omitted variables).

Some alternative approaches exist. For examplapteltransport data exist for United States of
America. Chintrakarn and Millimet (2006) and Cammpiand Tsigas (2000) make use of them to
obtain trade flows across member States. Dubé amlelin (2005) also use transport data to
estimate the trade flows across the three subsmatregions of Quebec. In addition, they integrate
this information with economic data about aggregaifie-national exports and imports and apply a
cross entropy optimisation method to make consiskentwo types of information.

Given the transport information from ISTAT, we alpeoefer to use transport data to depict
bilateral flows rather than the gravitational agwio because the former seems to represent more
effectively the actual flows of commodity withincauntry. Nevertheless, following the approach of
Dubé and Lemelin, we decide to integrate the trarisgata with the economic production
information in the computation of trade flows aadtlian regions. This is done by adjusting the
trade flows across sub-national regions by the R&A&istical method to make these flows
consistent with the production d&tahis operation is important for three reasonsstFive have a
more detailed sectoral aggregation for the prodacaind this will be useful to derive the full
database with 57 GTAP sectors. Second productjporte value and not volume data. Finally, we
maximise all the information available at the s@bianal level in a consistent framework.

Practically, we use the shares obtained from ISTi®ihsport data to distribute the sectoral
GTAP ltalian production, which is demanded domediyc between domestic sub-national use and
trade flows across lItalian regions.

Consider the share matriX represented in Table 1. Afterwards, vectors anttixes are in bold
type. In matrixII the general element ig. with 0< m <1. The row represents the origin sub-
national region and the column the destination rsational region. Basically, we have 10 different
I1, one for each sector. As our procedure is valichfbthe sectors, for sake of algebraic simplicity
we do not consider a sector index in the rest @ftib-section.

® The RAS is a cross entropy optimization method #rghould be preferred in the absence of inforamtibout
variation in column structure or row structure tod tmatrix (McDougall, 1999).
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Tablel

North Center South Tot
North T11 T2 12 I_Il.
Centre T21 T2 23 I,
South m31 32 732 I_13.
Tot 11, 11, I3 1

Denoting Yra the GTAP Italian production in a sector which addsin Italy, D the sub-national
demand (excluded demand for foreign goods), EXPbtlageral sub-national exports towards the
other sub-national regions, IMP the bilateral sabemal imports from the other sub-national
regions, EXPAG the aggregate sub-national expangands the rest of Italy and IMPAG the
aggregate sub-national imports from the rest df/,Ilteee compute these variables for, say, sub-
national region Centre applying the following forliami

(typ + Ty +75y) [Yrq =D
Ty Yra = EXR,

Centre North

T3 Y ira = EXPeentresoutn
(y1 + ) Y ira = EXPAG
Ty Yira = IMP o centre
T3, Y ira = IMPgguncentre

(1, +73) Y s = IMPAG

Centre

Centre

Centre

We apply the same procedure for the other submati@gions.
The use of two different sources to obtain the sational database (economic data for
production and transport data for demand and tnadéles the following equations not verified:

YNorth = DNorth + EXI:)AGNorth - IMPAG North
Y cenre = Deenret EXPAG,,, o~ IMPAG ., e
YSouth = DSouth + EXPAGSouth - IMPAG South

Centre Centre Centre

In order to adjust these equations we resort tobtkproportional method, the so-called RAS
method. Consider the bilateral trade makix II Y ta, Size 3 X 3, computed starting from transport
data, where we put;; = 2 = w33= 0. In matrixA the general element ig &vhere rowr represents
the origin sub-national region and columthe destination sub-national region. We also haxget
vector of row totalR (aggregate sub-national exports to the rest &f, I|ze 3 x 1) and target
vector of column total€ (aggregate sub-national imports from the restady | size 3 x 1). Targets
are computed using also the ISTAT information abecbnomic production according to the
following equations:

North = YNorth - DNorth + IMPAG North
=Y D +IMPAG

Centre Centre ™ Centre Centre

R
R
Rsoun = Ysouh = Dsoun T IMPAG
Chvortn = Dorin + EXPAG 10 = Yiorn
Ceenre = Deernre ¥ EXPAG Y
Csouth = Dsoun ¥ EXPAGg, 4, = Ysoun

Centre Centre Centre - Centre



The RAS method attempts to find a new similar mdrsuch that:
z brc = Cc
Z brc = rr
where I, 1, and ¢ are, respectively, the general element of m&rixectorR and vectocC.

The new matrixB is related to the origin# via the iterative procedure:
brc = rml’ |]:mc |}I’C

where rmis the multiplier of row and crgis the multiplier of columre.

For this initial application we split the ltaliarxgorts towards EU and rest of the world and
ltalian imports from EU and rest of the world usthg sectoral sub-national share of value added.

3. Model improvement

So far we have worked only on the database, semythe best rule to obtain consistent SAMs
across the sub-national regions. However, it isopable to assume that a sub-national region does
not behave exactly as a country. This, in turn,liespsome changes in the theoretical structure of
the model.

For example, in GTAP the factor endowments cannoveroutside the country they belong.
This makes sense in a national context but it i&ely to happen at the sub-national level. Workers
and capital can easily reallocate in other subenatiregions after an economic shock.

Another issue is the product substitution from temand side. In the CGE framework, the
standard Armington assumption prevents unrealisjecialization phenomenon and trade
overflows from warping the results of the modeleMalues of the Armington elasticity are set by
econometric estimations, which are carried ouhatrtational level. Given the empirical evidence
about the fact that trade within a country is bigten trade between countries given the same
distance, the so-called border effect (McCallum93)9 these Armington elasticities should be
recalibrated at the sub-national level and the deimtaee modified to consider the increased
product substitution inside the borders.

We incorporate all these characteristics in ouptégcal structure and evaluate different sub-
national models in order to verify their consistengith CGE economic theory and with the
standard GTAP model. Basically we have two main ehadprovements. The first one consists in
introducing capital and labour mobility within Iya(endogenous factor supply at the sub-country
level) through a CETcpnstant elasticity of transformatipfunction, as a result workers and capital
can move outside the Italian sub-national regiay thelong after a shock in the economic system.
In the second improvement we insert a special Aghoim nest for the sub-national regions to take
into account the fact that products are closertgubes within the country than across countries.

3.1 First model improvement: mobility in factors market

The value added in the standard GTAP model is fonatf five primary factors: land, natural
resources, unskilled labour, skilled labour anditehpAll the sectors use labour and capital while

* We are aware that this assumption is very stramatise import and export patterns are differenteNeeless, we
use it only in this methodological paper. We remdvi@ the 20 regions version of the model wherditohal data
from ISTAT on sub-national foreign exports and impare available.
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only some sectors use land and natural resoureesl &nd natural resources supplies are sluggish
across sectors while labour and capital are péyfeobbile. However, all the primary factor
supplies are geographically immobile. We do th&feing assumptions:

1) The mobility across sectors does not change.

2) Land and natural resources continue to be geogralphimmobile at the sub-national level.

3) Sub-national unskilled labour, skilled labour amgbital supplies are geographically sluggish
within Italy and they continue to be immobile fest of Europe and rest of the world.

The third assumption is new with respect to theddad GTAP model. We model it through a
CET function to represent the imperfect nationalbility of the sluggish factor endowments
(unskilled labour, skilled labour and capital).gfiorder conditions of the CET supply function and
the formula to determine the national price of #r®lowment (shadow price) are given in the
equations 1-6, where QL, QH, QK, PL, PH, and PKesent, respectively, the quantity of supplied
unskilled labour, skilled labour, capital and tlesa@ciated prices. ITA andare, respectively, the
unique ltalian aggregate index and the sub-natiowdgx. The parameters, , c,,and o, are the
elasticity of substitution of the endowment suppigy are a measure of geographical mobility. We
make the hypothesis thgt =c,, =c, .

QL, = QLlTA(PPL'LTAJ witho, <1 (1)
ZQLrPLr =QL7aPLia (2
QH, = QH,TA(PPHJA j withe,, <1 (3)
ZQHrPHr =QH;aPHira (4)
QK, =QK 1 (P;%j withe, <1 ()
ZQKrPKr = QK 1A PKiry (6)

3.2 Second model improvement: the new trade structure acr oss sub-national regions

In the standard GTAP model the demand side is magleof three elements: private
consumption, government spending and intermediabelgy The demand tree follows a double nest.
The first nest links domestic demand of each tlaleenents and aggregate foreign imports. The
second nest differentiates foreign imports accardinthe geographical origin. Figure 1 describes
the traditional GTAP demand scheme.

The second model improvement consists in modifyimg tree in order to make sub-national
products closer substitutes among them than thenafproducts.

To achieve this goal we insert two additional besdfor each sub-national region keeping
unchanged the structure for the rest of Europetlamdest of the world. Figure 2 illustrates the new
demand tree.
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As we can note from Figure 2, each sub-nationabrepas the classical nest for the foreign
aggregate imports and the foreign imports accorttnthe geographical origin but now there are
two further bundles because the national demartdeirsub-national region is broken in two parts.
The upper bundle links domestic demand and aggreigata-national imports while the lower
bundle differentiates the imports with respect lte brigin sub-national region. We insert four
additional parametersarmi, ommp1, Sarmz and owpz. TWO relations characterises these four
parameters:

OARM = OARM1 < GARM2

OIMP = OIMP1 < OIMP2

wherecarm andoyyp are the Armington eleasticities in standard GTA&dal represented in
Figure 1. We use CES&dnstant elasticity of substitutipfunctions to model the inter-national and
intra-national bundles. As the following equati@pply to all sectors in the same manner, for sake
of algebraic simplicity we do not consider a seatdex in the rest of the sub-section.

Starting from private consumption QC, QCD and QC&fpresent, respectively, the quantity of
total, domestic and imported private goods in tbantry or group of countries, represented by
index c. QCU, QCDU and QCMU are, respectively, total, oradl and international imported
private goods in the sub-national regrofthe suffix U stands for upper bundle). QCDL andNL
represent the domestic and intra-national impopedate goods in the sub-national region (the
suffix L stands for lower bundle). PC, PCD, PCM,lR®CDU, PCMU, PCDL and PCML are the
associated prices.

The equations 7-12 show the mathematics behindéahetrade structure in Figure 2 for private
consumption :

QCD, = QCC( PF;CBC j With 6 4, > -1 @)
QCM, = QCC[ PF():?\;IC j With 6 ey, > —1 8)
QCDU, = chr( PPCCDUler j With 6 sy > —1 9)
QCMU, =QCU, ( PF;CMUijr J With 6 sy > —1 (10)
QCDL, = QCDUr( ';EBLLJ: j With 6 s, > —1 (11)
QCML, =QCDU, ( EEII\D/ILI:': j With 6 s, > —1 (12)

Concerning the government spending QG, QGD and Q@ptesent, respectively, the quantity
of total, domestic and imported goods purchasedgtwernment in the country or group of
countries. QGU, QGDU and QGMU are, respectivelyaltonational and international imported
goods purchased by government in the sub-naticegiom. QGDL and QGML represent the
domestic and intra-national imported governmentdgopurchased by the government in the sub-
national region. PG, PGD, PGM, PGU, PGDU, PGMU, RGIDd PGML are the associated prices.

9



The equations 13-18 describe the new tree for tkergment demand:

QGD, = QGC( PPGGISC j With 6 ey, > —1 (13)
QGM_ = QG{ PPGGI\;IC j With 6 4, > —1 (14)
QGDU, =QG U,( PPGGDULer ] With 6 sy, > —1 (15)
QGMU, =QGU, ( PZGMU(Jr j With 6 sy > —1 (16)
QGDL, =QG DU,[ Eggﬁ ] With 6 ey, > —1 (17)
QGML, = QGDU, ( Egaﬁ j With 6 sy, > —1 (18)

Finally, with regard to the intermediate goods QID and QIM, represent, respectively, the
guantity of total, domestic and imported interméaligoods in the country or group of countries.
QIU, QIDU and QIMU are, respectively, total, natabrand international imported intermediate
goods in the sub-national region. QIDL and QIML regent the domestic and intra-national
imported intermediate goods in the sub-nationabred?l, PID, PIM, PIU, PIDU, PIMU, PIDL and
PIML are the associated prices.

The equations 19-24 present the demand for inteéateedoods:

QID, = QIC( PF:E; j With o, > -1 (19)
~ PIC O ARM1 '

QM. =Ql o With 6 > —1 (20)

QIDU, = Qlu{ PFI)E)UlJ J With 6 5y, > —1 (1)

QIMU, = Qlur(:':ﬂud j With 6 gy, > —1 (22)

QIDL, = QIDU{ I;IIIED)LLJr J With 6 > —1 (23)

QIML, =QIDUr(E:I\[jILE’j With 6 gy > —1 (24)
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The domestic demand is the sum of the three domed#mand components: private
consumption, government spending and intermediatelgy QDS is the quantity of demanded
domestic goods and PDS is the associated priceeqingtions are reported below:

PDSQDS, = PCD, QCD, + PGD,QGD, + PIDQID, (25)
PDSQDS = PCDL,QCDL, + PGDL QGDL, +PIDL,QIDL, (26)

The imported demand is also the sum of the thregoitad demand components: private
consumption, government spending and intermediatedyy QAI, QAIU and QAIL are,
respectively, the quantity of aggregate importeddgan the country, the aggregate imported goods
from abroad in the sub-national region and the egmpe imported goods from the other sub-
national regions. PAI, PAIU and PAIL are the asata prices. The formulas are:

PAI.QAI, = PCM, QCM, + PGM,QGM, +PIM_QIM, (27)
PAIU,QAIU, = PCMU,QCMU, + PGMU,QGMU, +PIMU,QIMU (28)
PAIL,QAIL, = PCML,QCML, + PGML,QGML, +PIML QIML , (29)

The additional sub-national nest for imports aksguires the structure of the bilateral trade flows
to be modified. For countries in the rest of Eurapé rest of the world, things do not change but
for the Italian regions we introduce two bundlebeTupper one puts together goods coming from
abroad while the lower one goods coming from theeottalian regions. We use CES preferences
to model these two nests. In the following equaio@XS, QXSU and QXSL represent,
respectively, the bilateral trade flows from coyntirto countryc, the bilateral trade flows from
country c to sub-national regiom, the bilateral trade flows from sub-national reg®to sub-
national regionr. PXS, PXSU and PXSL are the associated prices. efjuations are reported
below:

PAI. )™ .
QXS,. = QAI ( PXS:J witho e > -1 (30)
D" QXS PXS,, = QAI PAI, (32)
d

PAIU, )"
QXSU,, =QAIU ( szucrj Wih 6,0, > -1 (32)
D" QXSU,PXSU, = QAIU PAIU, (33)

PAIL, \™ .
QXSL,, = QAIL ( PXSL;] with 6, > -1 (34)
D QXSLPXSL,, = QAIL PAIL, (35)

S

4. Model validation

The main purpose of this paper is to establish tastl a good method in order to obtain a
consistent sub-national database along with a nede theoretical model.

Therefore, this section presents a validation mead four sub-national models applied to the
GTAP database integrated with the Italian sub-mafialata, which has been derived following the
procedure illustrated in section 2.
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Beyond the four sub-national specifications, weehalso the standard GTAP model with Italy
considered as a whole. The legend below summatheedgifferent types of model.

L egend:
Al Aggregatedtaly in the standard GTAP model
RI Regionalisedtaly in the standard GTAP model

RIMFM Regionalisedtaly with geographicda\obility in FactorM arkets
RIARM Regionalisedtaly with increased inter regionAr mington elasticities
RIAFM Regionalisedtaly with both increasedArmington and mobility irfFactorM arkets

The Al model considers Italy as whole, rest of Europe @t of the world. The theoretical
structure and parameter values are those of tnelatéh GTAP model. The Al model is not a sub-
national model. It is only to assess the robustagagdseconomic consistency in the results of the rea
sub-national models with respect to the standardsmodel in which Italy is aggregated.

The Rl model considers North, Centre and South of Italyasately, rest of Europe and rest of
the world. It is the first real sub-national modehe theoretical structure and parameter values are
the same of the standard GTAP model. For this reasi-national regions behave exactly as
GTAP countries. The RI is the basic model with tbeest degree of market integration and
competition at the sub-national level.

The RIMFM model considers North, Centre and South of Itedgt of Europe and rest of the
world. We model a different factor market for capitunskilled and skilled labour as illustrated in
sub-section 3.1. Parameter values are the samwéunisert an additional one, the elasticity of
factor supplyseac = ok = oL = oy (it is the same for capital and labour). In oderence case this
parameter is set equal to -2.

In theRIARM specification we have the same regions as belteeertheless, we build the new
trade structure to make products closer substitutsisle the national borders than outside the
national borders, as we have seen in sub-sectibrirBaddition, we put four additional parameters
for the sub-national regionsarmi, oarm2, oivp1, andompz. We have explained the economic
meaning of these parameters in sub-section 3.@uimeference case their values are set according
to the following formulas:

GARM2 = 2 GARM1 GARM1 = OARM

GiMP2 = 2 GIMP1 OiMP1 = OIMP

wherecarm andojyp are the values adopted in the standard GTAP model.

Finally, in the RIAFM model both changes in goods and factors marketirm@porated.
RIAFM is the full model with the highest degreemérket integration and competition at the sub-
national level.

We compare the results of the different sub-natiomadels among them and with the standard
GTAP model where Italy is aggregated as a singlmiryg. We also carry out a sensitivity analysis
on the parameters adopted at the sub-national tevelodel factors mobility and the new trade
structure.

The aim of this validation process is threefold:

» Testing if our results are robust enough with respe the standard GTAP model but at the
same time verifying if welfare outcomes improvetbat the Italian and world level when
moving towards more competitive and integrated stk

* Analysing the distributional effects at the subiorzl level.

» Carrying out a sensitivity analysis to test thereouoic consistency of our results on the
following parameters:
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i) Armington elasticity for intra-national tradand
i) CET elasticity for intra-national factarobility.

4.1 The experiment

We implement a simple experiment (a 20% uniformrel@se in land productivity in North,
Centre and South of Italy, rest of Europe and oédhe world). The simulation results are not
intended to be realistic but they allow us to as$esv the model works from an economic point of
view and to verify its consistency with respectctassical CGE assumptions. For example, we
expect that the loss in welfare for Italy and therldl as a whole, following the negative shock,
decreases starting from the RI (the basic sub-matiodel) to the RIAFM (modifications both in
the factors and goods market) because we are mduingrds more competitive and flexible
markets in the Italian sub-national regions.

For this initial application, we group the economystem in 10 GTAP sectors. Table 2 reports
them. We have two agricultural sectors, five maaufiees and three service sectors. The sectoral
aggregation is the same in all the models considi@réhis work.

The geographical aggregation is displayed in T&bldt is the same for all the sub-national
model. As mentioned before, in the Al we have thgregated Italy.

Table 2: sectors

GrainsCrops Grains and crops

MeatLstk Livestock meat products
Extraction Mining and extraction
ProcFood Processed food

TextWapp Textiles and clothing
LightMnfc Light manufacturing
HeavyMnfc Heavy manufacturing
Util_Cons Utilities and construction
TransComm Transport and communication
OthServices Other services

Table 3: regions

North North of Italy

Centre Centre of Italy

South South of Italy

EU Rest of European Union (27 countries excepy)tal
ROW All remaining countries in the world

4.2 Results and sensitivity analysis

For our results we look at the EV (Equivalent Vaoia), expressed in 2004 million $. This is a
standard measure used in the CGE models to assesgetfare gain or loss after a shock in the
economic system. Basically it is the income that yeed to take away from an individual to make
her/him equivalently worse off or better off follovg a price change.
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Tables 4 shows the outcomes for all the regionsahthe types of model. As expected, the
numbers are negative but the magnitudes are ditfef@ appreciate the underlying dynamic it is
more useful to represent the results in a graphiesl. If we look at the Figures 3 and 4 we can
observe that the outcomes are robust with respettiet standard GTAP model in which ltaly is
aggregatedAl model) and are similar in all the sub-nationalc#ipEations. This is true for the
World and Italy. On the other hand, looking in atrieted scale on the vertical axis (Figures 5 and
6) we can appreciate as moving towards more cotiygetand integrated markets at the sub-
national level, that is moving from the RI to RIAFNMhe welfare outcomes improve. This is the
case for both World and Italy.

To summarize, the Figures above confirm the rolasstiof our sub-national models with respect
to the standard GTAP model and their economic sterscy with the neoclassical CGE framework.

Nevertheless, Figure 6 shows a surprising rehdtréduction in welfare is lower in RIARM and
RIMFM models than in the Al model. This sounds stya if we think at the Al model as the one in
which factors and goods market are perfectly irstgt and competitive within Italy. A possible
explanation could be that the geographical aggr@ya not neutral in GTAP. In fact in the Al we
have three regions while in the other sub-natiomadlels we have five regions. The other possible
explanation could refer to the introduction of thew trade structure across sub-national regions.
However this result should be further investigated.

Table4

EV (2004 milion $) Al RI RIMFM RIARM RIAFM |
North -679.13 -265.67 -676.54 -275.8
Center -235.32 -152.31 -201.78 -22.24
South -1137.30 -1626.91 -1102.77 -1670.1
Italy -1996.62 -2051.75 -2044.89 -1981.09 -1968.2
EU -16150.98 -16085.24 -16074.82 -16125.42 -16119.2
ROW -67655.07 -67624.08 -67619.89 -67638.67 -67636.6
World -85802.67 -85761.07 -85739.60 -85745.18 -85724.0

Turning to the distributional effects, we can obsein Figures 7, 8, 9 and 10 that in all the sub-
national specifications the first outcome we geiigavour of having sub-national detail within a
country. In fact, even when using an undiffereetiaimpact through the Italian territory, we can
note that South is the most affected sub-natioegion because its economy is agricultural
intensive while North and Centre are less impacted.

From the modelling perspective, it is also intargsto look at the different roles played by the
factors and goods market. In fact with respect tonfedel the new Armington trade structure
basically does not change the pattern of the Higional effects in the RIARM model. On the other
hand the new factors market exacerbates the diiferdetween South and Centre/North regions
because South is more and more affected while €amti North mitigate their losses. The reason
for such result is that workers and capital can nmave from South to North and Centre.

Finally, Figures 11 and 12 display the results loé tsensitivity analysis on sub-national
Armington elasticity and CET elasticity in the so@ational endogenous supply of mobile primary
factors. The sensitivity analysis is carried outtle last specification (RIAFM) because it is
comprehensive of all modifications. The Figuresvelioe welfare outcomes in terms of EV for the
World and lItaly, respectively.

The blue line takes a picture of the economy redhdifferent instants. Keeping the Armington
structure fixed at our reference case, we progrelsincrease the factor mobility in three steps
according to the following formulas:
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1) orac =0
2) oFac= -2
3) 6rac=-5

The absolute valuesgdac|, represent, respectively low, medium and highelleaf factor
mobility. They are depicted on the horizontal axis.

The red line does the same thing for the goods etaiKeeping the factors market structure fixed
at our reference caserc = -2), we progressively increase the substitutiocnoss products coming
from different sub-national regions using the folasureported below:

1) cARM2 = OARM1 , OIMP2 = OIMP1
2)0arRM2 = 20ARM1 5 OiMP2 = 2 0vP1

3)oarM2 = 50arRM1 , OimpP2 = S0vP1

Case 1, 2 and 3 above represent, respectively nosdium and high mobility in the goods
market.
Finally, the green line merges these differentyses in the following way:

1) cARM2 =OARM1 , OmmMP2 =Oimp1  , Orac =0
2)0arRM2 = 20ARM1 5 OiMP2 = 20IMP1 , OFAC = -2
3)oarM2 = 50aRM1 , OimP2 = 50iMpP1 , OFac = -5

Case 1, 2 and 3 above represent, respectivelyrmdjum and high mobility in the goods and
factors market.

The aim is to disentangle the mobility factor efféblue line), the increasing sub-national
Armington effect (red line) and finally to analyem simultaneously (green line). The three lines
cross in the reference case of the RIAFM model.

At first glance, we can immediately see that a8l kines are monotonically increasing. This is a
good new because it is a further proof about thetfaat our theoretical changes are consistent with
the standard CGE framework of competitive markets.

It is also interesting to note that red line iseper than blue line. This implies that the model is
more sensitive to the Armington assumptions thdadtor market assumptions.

As expected, green line represents the lowest @it point on the vertical axis. Its slope is
very high suggesting goods and factors marketaotan a multiplicative way rather than additive.

In Table 5 we report the results of the sensitiaitylysis for each region. Rest of the world and
rest of Europe show similar results in all the ¢desed scenarios. It is worthwhile to notice that i
the casaspac = 0,0arMm2 = 2 0arMm1 @aNdovpz = 2 oivp1 the RIAFM model collapses exactly in the
RIARM specification.

Concerning the sub-national patterns, it is impurta stress that moving towards the south-east
scenarios (increasing overall mobility), North aehtre experience a change in the sign of EV. On
the contrary South absorbs all the negative imgdus dynamic is similar to that observed moving
from RI to RIAFM model but now it is much strondgeecause North and Centre even gain from the
negative land productivity shock. This outcome @& wery surprising. As production reallocates
from agriculture to manufactures and services agidgoNorth and Centre intensive in these two
sectors, factors and goods also reallocate im#us sectoral/geographical space.
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Figure 3: equivalent variation in the World (2004 $ million) Figure 4: equivalent variation in Italy (2004 $ million)
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Figure 5: equivalent variation in the World (2004 $ million, restricted scale) Figure 6: equivalent variation in Italy (2004 $ million, restricted scale)
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Figure 11: equivalent variation in the World (2004 $ million)
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Figure 12: equivalent variationin Italy (2004 $ million)
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Table5: sensitivity analysis (EV, 2004 million $)

GARM2 = GARM1 OARM2 = 2 GARM1 GARM2 = D GARML
OiMP2 = OIMP1 OiMP2 = 2 CiMPL OiMP2 = S OimPL

North
orac = 0 -719.20 -676.54 -610.43
OfFac = -2 -452.90 -275.83 -88.47
OFAC — -5 -299.97 31.65 453.91
Centre
orac =0 -214.79 -201.78 -173.75
OFAC = -2 -103.74 -22.24 63.72
OFac =-5 -52.25 110.34 318.95
South
orac = 0 -1058.30 -1102.77 -1175.69
OfFac = -2 -1426.65 -1670.14 -1918.82
OFAC = -5 -1626.61 -2101.19 -2700.40
EU
orac =0 -16125.73 -16125.42 -16124.89
OFAC = -2 -16121.66 -16119.20 -16116.65
Orac = -5 -16119.21 -16114.28 -16108.03
ROW
orac = 0 -67638.41 -67638.67 -67639.09
OfFac = -2 -67636.91 -67636.64 -67636.55
OFAC = -5 -67635.93 -67634.91 -67633.8(

5. Conclusions and further research

Our approach uses both transport information armh@wic data in a consistent statistical
framework via the RAS method to obtain a sub-naticiatabase for Italy.

Results are robust enough with respect to the atdn@TAP model and welfare outcomes
improve when moving toward more competitive ancgnated markets at the sub-country level,
suggesting a higher capacity of Italian sub-nali@tgents to react to changes in relative market
prices (market-driven or autonomous adaptatiorufediypical of CGE models).

Distributional economic effects are strongly uneaeross sub-national regions even in the case
of a uniform shock. Increasing mobility of factqtabour and capital) within Italy amplifies the
uneven patterns across sub-national regions. 8atysénalysis on Armington and CET elasticity
shows consistent economic results.

Further research involves two main field: the das&band the model. Concerning the database
we have to extend this first version to the 2Gdtakegions. Actually, this goal has been achieved,
we just need to do some additional refinement ameck. It will be important to find a better
estimation method to determine trade flows in thevise sector because so far we have used the
overall amount of shipped goods as proxy. It wobddalso interesting to cooperate with other
countries inside and outside EU for collecting saltional information and extending the database
beyond lItaly, especially in the Mediterranean ahedact, our methodology can be applied to other
countries according to the data availability, intgalar for transport bilateral flows of carried
goods.
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With regard to the modelling part, we should tést thodel with real shocks (e.g. extreme
natural events as floods) to check which modelmpatarization produces more reasonable results.
Finally, the major effort in the next months wik bo combine the ICES, the energy-oriented CGE
model developed in CMCC and FEEM, and the sub-nati;model to analyse deeper the linkages
in the energy sector (RES included) and assessrlieé®2 emission patterns.

Acknowledgments

This work is part of the research developed by CMEGroMediterranean Center on Climate
Change) under the GEMINA project, funded by thédtaMinistries for the Research and for the
Environment, Land and Sea.

The authors are the only responsible for errorsanigsions in this work.

References

Canning, P. & Tsigas, M. (2000). Regionalism, Fatiem, and Taxation: A Food and Farm
Perspective. Technical Bulletin No. 1882, EconorResearch Services, U.S. Department of
agriculture.

Chintrakarn, P. & Millimet, D.L. (2006). The envitmental consequences of trade: Evidence
from subnational trade flowslournal of Environmental Economics and Manageméisgevier,
52(1), 430-453.

Dixon, P., Rimmer, M. & Wittwer, G. (2012). USAGESR, a state-level multi-regional CGE
model of the US economipttps://www.gtap.agecon.purdue.edu/resources/daai®33.pdf

Dubé, J. & Lemelin, A. (2005). Estimation expérirteda des flux d’échanges interrégionaux par
la méthode de minimisation de [I'entropie croiséRevue canadienne des sciences
régionales/Canadian Journal of Regional Scier&&3), 513-534.

Horridge, M. & Wittwer, G. (2010). Bringing regiohdetail to a CGE model using CENSUS
data.Spatial Economic Analysi§(2), 229-255.

McCallum, J. (1995). National Borders Matter: Cam&tlS. Regional Trade Patterdgnerican
Economic Reviey85(3), 615-23.

McDougall, R. (1999). Entropy Theory and RAS aréeas. GTAP Working Papers 300,
Center for Global Trade Analysis, Department of idgjtural Economics, Purdue University.

Narayanan, B. & Walmsley, T. (200&lobal Trade, Assistance, and Production: The GT/AP
Data BaseCenter for Global Trade Analysis, Purdue Uniugrsi

Perali, F., Pieroni, L. & Standardi, G. (2012). \dotariff liberalization in agriculture: An
assessment using a global CGE trade model for E&didns.Journal of Policy Modeling34(2),
155-180.

Rodriguez, U-P. E. (2007). State-of-the-Art in Regil Computable General Equilibrium

Modelling with a Case Study of the Philippine&gricultural Economics Research Revjew
Agricultural Economics Research Association (Indeg)(1), 1-28.

20



