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Abstract

Recent econometric literature suggests that thed lfthe economic activity and economic produtyivre
linked to changes in temperature. The relationghipn-linear, inverted U-shaped and generalizablzoth
developing and developed countries. An optimum ll@fetemperature seems to be associated with an
optimum level of productivity. Starting from thisioresearch question is to evaluate ex-ante théagel
(GDP) implications for the global economy inducedam increase in the international mobility of paim
factors (labor and capital) associated with climatgacts on economic productivity. To achieve tioal we
use a neo-classical Computable General Equilibmoodel, GTAP. Compared to the standard GTAP we
only modify the supply of labor and capital to allfor the international mobility of primary factoResults
show thain case of an asymmetric climate impact betweeionsgnternational mobility of primary factors
(capital and labor) can transform a climate cosa iclimate opportunity. Importantly, a stronger atdge
climate impact can increase the climate opportupityvided by the international mobility of primary
factors. The explanation behind these resultsesntovement of labor and capital prices which dtive
relocation of primary factors toward the most prcidee regions.



1. Introduction

Recent econometric literature (Burke et al., 2085ygests that the level of the economic activitd an
economic productivity are linked to changes in terafure. The relationship is non-linear, inverted U
shaped and generalizable to both developing andlaled countries. An optimum level of temperature
seems to be associated with an optimum level oflymiivity. By implying substantial changes in
temperature climate change could re-shape the #awkthe distribution of economic productivity assdhe
globe and trigger economic losses much bigger thase predicted by most of the Integrated Assessmen
Models (IAMs) so far (Burke et al., 2015; Stern@Q15). Using the estimated relationship between
productivity and temperature, the GDP and populgtimjections in Shared Socioeconomic Pathways \SSP
5 scenario (O’Neill et al., 2015) and the tempearatacrease in RCP 8.5 (van Vuuren et al., 2010)k8 et

al. find that climate change could reduce globd@potiby 23% in 2100 compared to a world withoutnelte
change. If societies continue to function as theyehin the recent past, climate change is expeoteetuce
considerably not only the global economic outputddso to amplify existing global economic ineqtiafi.
This is essentially due to the asymmetric physioglcts of climate change.

As said, this could happen if societies continututection as they have in the recent past. Thentquast is
supposed to be about 50 years which is the time Bp#he analysis of Burke et al. (2015) from 1960
2010. Clearly the role of adaptation and mitigai@oe crucial to avoid incurring big economic lossaghis
study we focus on adaptation and in particularfengolitical and/or technological conditions whiotuld
improve adaptation through the global market meisimanThese political and/or technological condigion
are the international mobility of primary factodakor and capital). The global market mechanisrthés
price signal which should drive the geographicavement of labor and capital. The two primary fastor
follow the endogenous price signals triggered lyghysical climate impact and re-locate in regiohgre
the remunerations of primary factors are highee ftmdamental condition for this mechanism to talleee
is the existence of a global market for primarytdes. Our research question is to evaluate ex-ante the
welfare (GDP) implications for the global economy induced by an increase in the international mobility of
primary factors (labor and capital) associated with climate impacts on economic productivity. We also
address the regional welfare and the inequalityvéen regions by looking at the changes in the ivelat
prices.

In a sense we try to shed some light on the patietiiterminants of the challenges to adaptatiahenSSP
scenarios which are characterized by a high degfemcertainty and under a continuous revision @ssc
(O’Neill et al., 2015). “Socioeconomic challenges @daptation are defined as societal or environahent
conditions that, by making adaptation more difficiuicrease the risks associated with any givefeption

of climate change” (Rothman et al., 2014; O’Neilaé, 2014). It is important to stress that SS&satives
describe challenges to mitigation and to adaptatuich refer to characteristics of society, notthe
amount of climate change or the stringency of tlitigation policy (factors that are not includedSiSPs).
As a consequence the determinants of the challeargesocioeconomic and environmental (but not dleha
(O'Neill et al., 2015).

By using expert elicitations Schweizer and O’'NgID14) identify 13 main elements which are imporfan
the definition of the challenges to adaptation anitijation. Among these 13 elemejglity of governance
andinnovation capacity are detected as particularly relevant for adamtatind disaggregating them in their
different dimensions is also worthwhile for futuesearch. In this study we identify internationalbility of
labor and capital as a potential key dimensioguafity of governance andinnovation capacity which are in
turn key determinants of the challenge to adaptatithe increased international mobility of labordan
capital can be considered as both a shift in tHigypand technological framework. For example ralgx
barriers to the international mobility of labor che seen as a shift in the policy framework. Reduce



transport costs for capital as a consequence dajriveth of the Information & Technology can be sasma
shift in the technological framework.

In order to improve the quality of the scenariogl &m search for policy relevant features, othenydital
tools in addition to IAMs should be used (Schweiaed O’Neill, 2014). Currently, the IAMs are the sho
widespread tool to carry out the economic assedsofelesses induced by Climate Change at the global
level because they are able to capture the feedbbhekween climate and economy in a consistent
framework. The RICE (Nordhaus, 2011), PAGE (Hop#,13, FUND (Anthoff and Tol, 2012) and WITCH
(Bosetti et al, 2006) models are good examplesnEfédhese tools are probably the most suitable for
assessing the economic impacts of climate changeeaglobal level, unfortunately they cannot coasid
some economic and social channels which could bereisting to look at. One of these is the above
mentioned international mobility of labor and capifThis channel is fundamental to answer our rebea
guestion and we have to include it in the modelfragnework. To achieve this goal we use a neo-dakss
Computable General Equilibrium (CGE) model, GTARe(tdl, 1997). The CGE models are also a global
widespread tool used for the economic assessmattintdte change impacts (Bosello et al, 2012; Cista
al, 2011; Darwin and Tol, 2001). Compared to th&18y CGE models usually do not take into account the
feedbacks between climate and economy but thealalees to introduce more flexibility in the economic
system in terms of goods mobility (trade), capiialvs and labor movements at the international llélkis

is exactly what we need to implement in our experitn

The type of adaptation we want to capture by usiegneo-classical CGE model is very specific. Tikis
market-driven adaptation. The concept of markevedriadaptation is somewhat similar to that one of
autonomous adaptation adopted by IPG&tonomous adaptation does not constitute a domsecesponse

to climatic stimuli but is triggered by ecologicaehanges in natural systems and by market or welfare
changes in human systems. In our study the marketrdadaptation has even a more restrictive botlpo
investigated connotation because it implies theiapaaction of labor and capital at the interoaél level
following the price signals the two factors canedein their respective markets.

The paper is organized as follows. In section 2bwefly explain the theoretical structure of tharstard
GTAP model and the changes we have introducedreghect to it. In section 3 we describe the expamm
design. Section 4 presents the general resultthéoglobal welfare and also for inequality acrasgions
through the examination of the relative prices.séttion 5 we discuss these results and their pakent
interaction with other socio-economic drivers ie tjlobal economy. Section 6 concludes and offenseso
insights for further development of this work. etAppendix at the end of paper we carry out aisehs
analysis on the parameter regulating the internatimobility of labor and capital.

2. Theoretical structure

We use a standard neo-classical CGE, the GTAP mwadeh is calibrated to the GTAP 9 database (Aguiar
et al.,, 2016), a series of Social Accounting Ma&sixXSAMs) for the base year 2011. The behavioral
parameters of the model are derived on the basie@fiometric estimations or using the economicrtheo
(Hertel, 1997; Jomini et al., 1991). The represirdaagents are households and firms. The reprathent
household maximizes utility under the budget caistrin each region and the representative firm
maximizes profits under the technological constraireach region and sector. Perfect competitiddshim

the markets and the agents have perfect informatiothe market prices. The neoclassical structapiés
that investments are saving driven.

! https://www.ipcc.ch/pdf/glossary/ar4-wg2.pdf




It is worth noting that the economic system is sagga to be in equilibrium in the base year. Afteshack in

the economic system relative market prices adpstuich a way demand equals supply and the system
reaches the new equilibrium. The shocks can beogmtitical, technological and environmental. Ireth
present framework we do not introduce any inter@mlpdynamics and any stationary condition on the
evolution of capital. The potential role playedtbghnological progress or accumulation of capital E@bor

over the years will be discussed in section 5.

With respect to the standard GTAP model we only ifgatie supply of labor and capital. In the stambar
GTAP model the regional supply of labor and cap#taxogenous and geographically immobile. As altes
workers and capital cannot move outside the retf@y belong to in response to the shock. We use a
Constant Elasticity of Transformation (CET) functitb endogenously model the regional supply of dabo
and capital. In other words we are introducing &dditional maximization programs for the agentsitehp
and labor. The two agents maximize their respedigbal income flows (from labor and capital) unties
international mobility constraint.

The First Order Conditions of the two maximizatiprograms are the regional supply functions and the
equation determining the world price of the endowtr{shadow price), Egs. [1]-[4], where QL, QK, Ptda
PK represent, respectively, the quantity of supplabor, capital and the associated prices. Gloler are,
respectively, the global aggregate index and tigional index. The elasticity of substitution in tR&ET
function ) allows us to set different scenarios for therimational mobility of these two primary factors. A
value of zero means no mobility, a negative vale@ams international mobility between regions. Raisire
absolute value increases the international mobNig set a value of minus ten for both labor aritahto
model the international mobility.

PL o
QL, =QL¢, (&J with ¢, <0
r LOBE PLr L [1]
z QL ,PL, =QL g 0pe PLgrose [2]
r
PK o
QK, = QK g0 (ﬂ] with 6, <0
r LOBE PKr K [3]
ZQK PK; = QK o8e PKGLose (4]
r

By changing the behavioral paramesewe are assuming that policy maker is able to imprthequality of

governance and theinnovation capacity and consequently the international mobility ofdaland capital.
From a modelling point of view this is equivaleatdreate a global market for labor and capital whabor
and capital can take advantage of the price sigwate-locate according to their respective maxatitn

programs which First Order Conditions are illustchin Egs [1]-[4].

For the simulations we have used the Gempack sat@rtarrison et al., 2014). A multi-step Gragg siolu
method has been implemented to solve the non-lisgsiem of First Order Condition equations. In the
macro-economic closure we have assumed that ineessnare saving-driven and the net investmentssfund
are allocated across regions to maintain the egistomposition of global investmehts

% This is equivalent to set the parameter Rordejtekto zero in the Gempack code.
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3. Experiment design

We conduct a comparative static experiment. WetliseCGE model as a laboratory where we can control
some political and technological conditions, nogahle international mobility of capital and labdVe also
assume that we can translate the changes in teiupeia changes in economic productivity. First we
implement the climatic shocks and then for the salmeatic shocks we modify the international matilof
primary factors. This is the typicadx-ante analysis and makes possible to isolate and explaén
contribution of a given environmental, technologmapolitical variable in the economic systewhét if).

In the CGE model the changes in temperature areesepted by uniform per cent changes in the
productivity of primary factors (capital, labornid and natural resources). These shocks are exogemo
are supposed to represent permanent variatiorermgderature and related productivity in the long fLime
underlying hypothesis is that climate shocks evamlgact the usage of labor and capital in the oBffie
economic sectors of the region. Maybe this is renywealistic but in absence of better informatibn
represents a reasonable simplification. In addifiother differentiating the impact by sector wouldt be
very relevant for the research question of thiskwor

We simulate two types of climate impaotensity (low andhigh), two types of climate impadlistribution
across the globesfmmetric andasymmetric) and two types aiter national mobility for labor and capital
(no mobility and mobility). Regions are ten: Oceania, East Asia, South Baist, South Asia, North
America, Latin America, Europe, Middle East and tHoAfrica (MENA), Sub Saharan Africa (SSA) and
Rest of the World. Sectors are three: agricultungystry and services.

Table 1 indicates the exogenous shocks in the Igtviintensity and symmetric/asymmetric case. Inltine
intensity case we arbitrary assume a productivags Iby 10% at the global level; in the high intgnsase
this loss is doubled. The shocks are not empisicadtimated. They are theoretical and represenhfjbssis

to understand the economic implications of the erpnt. Only for the distribution of the impacts time
asymmetric case, we have tried to follow previduslies (Burke et al., 2015). The existence of thtnaal
temperature implies that some regions located enNbrthern latitude could get closer to the optimum
because of the temperature increase and expeeodactivity gains. Other regions could move awayrf
the optimum and experience substantial productiasges. However the specific geographical distidiou

is not very relevant for the general compreheneiaour experiment.

Table 1: climate impacts on productivity of primary factqfand, natural resources, labor and capital)

L ow sym Low asym High sym High asym
Oceania -10 -25 -20 -45
East Asia -10 -30 -20 -55
South East Asia -10 -40 -20 -75
South Asia -10 -40 -20 -75
North America -10 0 -20 4
Latin America -10 -25 -20 -60
Europe -10 14.66 -20 22.78
MENA -10 -30 -20 -70
SSA -10 -40 -20 -75
Rest of World -10 0 -20 4
Globe -10 -10 -20 -20




4. Results
4.1 Global and regional welfare (GDP)

Table 2 shows the results on GDP for the symmasjchmetric case in the low intensity impact scenari
with no international mobility and with internatianmobility. Table 3 shows the results on GDP fue t
symmetric/asymmetric case in the high intensity dotpscenario with no international mobility and twit
international mobility.

Table 2: GDP % changes (low intensity scenario)

Sym No Mob Asym No Mab Sym Mob Asym Maob
Oceania -9.99 -24.91 -9.76 -51.41
East Asia -9.98 -29.73 -9.80 -56.25
South East Asia -9.99 -39.81 -10.27 -68.12
South Asia -9.93 -39.42 -10.76 -60.56
North America -10.02 -0.10 -10.30 13.62
Latin America -9.97 -24.87 -10.25 -51.78
Europe -10.08 14.79 -9.80 93.00
MENA -10.00 -29.94 -9.65 -55.35
SSA -9.97 -39.62 -9.77 -69.63
Rest of World -9.95 0.11 -9.76 14.48
Globe -10.01 -9.88 -9.99 2.14
Table 3: GDP % changes (high intensity scenario)

Sym No Mob Asym No Mob Sym Mob Asym Mob
Oceania -19.98 -44.91 -19.55 -76.05
East Asia -19.96 -54.59 -19.62 -81.19
South East Asia -19.98 -74.77 -20.51 -91.09
South Asia -19.87 -73.95 -21.42 -85.5
North America -20.03 3.79 -20.61 32.4
Latin America -19.94 -59.73 -20.5 -86.98
Europe -20.17 22.96 -19.61 139.82
MENA -20.01 -69.84 -19.32 -90.01
SSA -19.94 -74.46 -19.53 -92.67
Rest of World -19.92 4.17 -19.54 30.2
Globe -20.03 -19.83 -19.99 7.28

The observation of the results in Table 2 and @adlus to carry out the following twRropositions.

Proposition 1: in case of an asymmetric climate impact international mobility of primary factors (capital and
labor) can transform a climate cost in a climate opportunity.

Explanation ofProposition 1 is straightforward. We can immediately notice ttmapresence of symmetric
climate impacts the international mobility of primdactors has no relevant effect on the globalfavel
This is not the case when climate impacts are asgtnenin this case labor and capital move fromrtieest
negatively affected regions to the regions expei@nproductivity gains or no productivity loss.i$ttakes
place because labor and capital follow the prigaas, that is the higher remuneration in not a#fécr
positively affected regions. Remunerations are drigh the latter regions because the global denfiand
goods produced in these regions has increased ghesrgoods can be produced at a lower cost. The
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increased demand for goods by households trangtatesincreased demand for primary factors bydirth
the factors are geographically immobile, the regi®upply is fixed and the increased demand byfithres
will boost the prices of labor and capital. Whee geographical mobility option is activated regicsigoply
is no more fixe and a certain amount of labor aaital will move in order to get a higher remuninat As
a consequence, the productivity loss in the mogaitneely affected regions will affect a smaller amb of
labor and capital while the productivity gain waliffect a bigger amount of labor and capital. Thehmécal
change is endogenous because a fraction of lalibcapital becomes more productive following theeri
signals determined endogenously in the labor apiatanarkets at the global level.

Proposition 2: in case of an asymmetric climate impact the higher intensity of the climate impact can
increase the climate opportunity provided by the international mobility of primary factors.

This result sounds paradoxical but the underlyixgianation is also clear like in Proposition 1. Whae
productivity loss is stronger, the market pricensig on capital and labor remunerations are ateagtr. In
general the outflows of labor and capital stop witlea reductions in the supply of labor and capital
compensate the reduction in the demand of laborcapdal due to the fact the global consumers gubst
the goods produced in the most negatively affectgfions with goods produced in the not affected (or
positively) affected regions. When the negativecksamn productivity are stronger, bigger reductionthe
supply of labor and capital are needed to reachethalibrium point and to stop the outflows of pam
factors. This means on the other side that a biggeyunt of labor and capital will increase its prctility

by migrating in the regions not affected or pogiyvaffected by climate change. The observatiohaifle 4
makes this clear.

Table4: % changes in capital and labor supply in theramgtric case with international mobility

Capital Low Capital High Labor Low Labor High
Intensity Intensity Intensity Intensity

Oceania -37.65 -59.47 -35.38 -56.81
East Asia -39.38 -60.51 -38.14 -59.61
South East Asia -50.75 -69.42 -47.28 -64.64
South Asia -38.24 -50.01 -36.16 -46.88
North America 12.91 27.86 14.49 28.25
Latin America -37.53 -69.67 -36.55 -69.06
Europe 67.28 96.02 70.76 98.61
MENA -41.08 -73.78 -35.63 -63.91
SSA -55.73 -78.17 -49.82 -71.05
Rest of World 14.56 26.92 16.04 27.75

4.2 Inequality acrossregions: relative prices

The good point in using the General Equilibriumm@agh for policy simulations is the possibilityagplore

all the dimensions of the economic system in a isterst framework. The changes in the relative grice
labor, capital and goods represent important dimesgo characterize the new equilibrium and stmgcbf
the economic system. They give interesting insiginténequality across regions because refer toprites
while the previous section referred to the aggeegegional and global GDP. Clearly this is not gsue for
global GDP as the global population is fixed bus kame implications for regional GDP as this measur
should be cleaned by the inflows/outflows of cdpatad labor. The best way to achieve this goabaking

at the changes in the relative prices and the C@#eiris probably the most suitable tool to do it.



Tables 5, 6 and 7 show % changes in the relative f labor, capital and final goods. The firstttiction
we have to do is still between the asymmetric gmdnsetric case. When the climate shocks are symenetri
the effects on relative prices of primary factars always small with and without international miitji On

the other hand the relative prices of goods ineeasund 11% and 25% in the symmetric low interesitg
symmetric high intensity case, respectively, notemathe assumption about international mobility dee
The effects are homogenous across regions. Whaehapn the economic system?

The uniform decrease in productivity determinesauction in the supply of goods. For a given |lefehe
real demand (the amount of capital and labor retaty the resources of the household) the priggoftls
will rise. Clearly the price of goods will increaseore when the productivity loss will be bigger dni
intensity case). But why are the effects on theeoof primary factors so small? The reason is that
climate shocks are geographically uniform and, asressequence the effects on the price of goodsbeill
geographically uniform too. This implies that thepresentative consumer in each region will contitwue
buy similar shares of the domestic and importeddgaand no international substitution between damest
and imported goods will take place. Therefore #@asentative firm in each region will keep its deah of
primary factors unchanged. Finally the relativeegsi of labor and capital will not move substangialhd the
assumption about mobility of primary factors wi#dome irrelevant.

In the asymmetric case the scenario changes diihatiThe effects on relative prices of primargttas
are now considerable and very different accordinthé assumption about international mobility dfrary
factors. The % changes are very similar betweeorlabd capital. This is not surprising and dependthe
fact that the shocks are uniformly applied to bibth primary factors. The relative prices of finabgs are
not only differentiated by the intensity of thengtite impact but also differentiated by region aadrde of
international factors mobility. How is the econoraistem behaving in this scenario?

To understand the economic chain in this scenagigtart from the no international mobility assuroptfor
primary factors and analyze the results of two amegi Europe and Sub Saharan Africa (SSA), which
represent well the two extremes of the asymmetiimate impact (positive and negative). These two
extremes are useful to explain the general econaiwiamics in the CGE. In the SSA the negative
productivity shock determines a reduction in thppby of goods. For a given level of the real deméhe
amount of capital and labor representing the ressupf the household) the price of goods will rids.
before, the price of goods will increase more wttenproductivity loss will be bigger (high intensitase).
Conversely, in Europe the positive productivity ghadetermines an increase in the supply of goodsaF
given level of the real demand the price of goodsnreduce. But what happens to the global demamd f
goods in the case of a no more uniform price chamugess regions? Because the effects on the pritw® o
final goods are now different the representativesooer in each region will substitute the domeatid
imported product. For instance Europe will incretise demand for domestic product and decreaseothat
imported product and the opposite will happen féica. Therefore the demand for the European godllis
strongly increase and more than offset the incréagsbe supply determining a price increase in good
(9.08% and 23.02% in the low and high intensity actp respectively). The demand of firms for primary
factors will increase too and the price of primtagtors will rise by 23% and 47%. In the SSA demeuid
reduce but not enough to compensate the reduatidhei supply of goods and the price will goes up by
21.29% and 60.13% (recall that the absolute vafubeoproductivity shock in the SSA is between &nd
3.2 times bigger depending on the intensity that ¢ Europe). The smaller demand from consumelis wi
mean smaller demand of firms for primary factord,aas a consequence, the price of labor and caital
reduce strongly, in a range between 26 and 27%eiriaw intensity case and between 57% and 59%sein th
high intensity case.

When the assumption about international mobilitypamary factors is introduced the scenario changes
again considerably. Let's start form the last oaotepthe different changes in the price of primagtdrs.
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When the climate shocks were geographically synimet significant divergence was observed across
regions in the relative prices of capital and labdow we have these strong divergences and relakiag
political and technological barriers to mobilityopokes huge inflows and outflows of capital andolab
Clearly, labor and capital move toward Europe amdod Africa. Not surprisingly, the opening of tgiobal
market for labor and capital makes the divergemedble primary factors price between regions muess |
pronounced. Interestingly the huge inflow of laloid capital in Europe still determines an incraaste
relative prices of primary factor (around 5% and)6®hile in Africa the reductions are much less styo
(around 6% and 13%) compared to the no interndtimadility assumption. On the other hand the opgnin
of the global markets for labor and capital cawstesnger divergences across regions for the pfigpads,
especially in the high intensity case (-5.34% indpe and +117% in SSA). This is due to the fact tha
outflows of labor and capital from Africa combinedth the negative productivity shock will decredbe
supply more than the demand. In Europe the oppagitehappen. The inflows of labor and capital
combined with positive productivity shock will irease supply more than demand.

Some political implications can be drawn from therination of the relative prices. First of all whe
capital and labor are geographically immobile tegnametric nature of climate impacts strongly exbatss
the inequality across regions both in primary festmarket and goods market. For instance in Eutiope
price of labor and capital rise more than the patgoods. In SSA not only the price of labor agital
decreases but the increase in the goods pricesristiman that of Europe.

When barriers to labor and capital mobility areaxeld price inequality between regions decreasdlein
primary factors market but increases in the goodsket. However, taking one of the most negatively
affected regions SSA as an example and consideriegational mobility of primary factors, goodsaeris
1.5 or 2 times bigger comparing relative priceshvahd without international mobility of primary tacs
while the reduction in the price of capital anddals about 4 times smaller.

Another politically relevant result is that the ap® of labor and capital market at the global leaises an
increase in the relative price of the primary fasteven in those regions experiencing a huge infdbw
primary factors, like Europe. One could expect thatarrival of many foreign workers reduce the esajgut
when we consider the international macro-economittext in which this arrival takes place we disaove
that increase in the goods demand from domesticfamign consumers more than offset the inflow of
foreign workers.

Table5: % changes in relative wages

Sym No Sym Sym No Sym Asym No Asym Asym No Asym

Mob LI | MobLI | MobHI | MobHI | Mob LI Mob LI Mob HI Mob HI
Oceania -0.03 -0.13 -0.08 -0.29 -12.68 -4.60 -24.39 -9.34
EastAsia -0.01 -0.13 -0.02 -0.29 -16.17 -5.02 -32.94 -9.95
SEAsia -0.29 -0.18 -0.62 -0.40 -25.66 -6.52 -54.17 -11.14
SouthAsia -0.86 -0.25 -1.85 -0.55 -24.45 -4.72 -48.57 -7.44
NAmerica -0.27 -0.19 -0.61 -0.42 9.50 1.02 26.58 1.08
LatinAmer -0.32 -0.19 -0.71 -0.43 -13.45 -4.77 -42.74 -12.32
Europe -0.01 -0.12 -0.02 -0.26 23.55 5.14 47.70 5.60
MENA 0.14 -0.11 0.32 -0.24 -15.87 -4.64 -46.69 -10.95
SSA 0.11 -0.12 0.23 -0.27 -26.04 -6.98 -57.05 -12.90
Row -0.02 -0.13 -0.04 -0.29 10.25 1.15 27.96 1.04




Table 6: % changes in relative prices of capital

Sym No Sym Sym No Sym Asym No Asym Asym No Asym

Mob LI | MobLI | MobHI | MobHI | Mob LI Mob LI Mob HI Mob HI
Oceania 0.02 -0.07 0.03 -0.15 -12.75 -3.53 -24.31 -9.25
EastAsia -0.06 -0.08 -0.13 -0.18 -16.27 -3.80 -33.12 -9.49
SEAsia -0.33 -0.13 -0.72 -0.29 -26.37 -5.78 -55.77 -11.77
SouthAsia -0.87 -0.20 -1.89 -0.43 -24.87 -3.63 -49.47 -7.33
NAmerica -0.21 -0.12 -0.46 -0.28 9.69 2.37 27.02 1.80
LatinAmer -0.19 -0.12 -0.43 -0.27 -13.25 -3.51 -42.51 -11.85
Europe -0.05 -0.07 -0.12 -0.15 23.25 6.47 47.07 6.24
MENA 0.07 -0.05 0.16 -0.12 -17.15 -4.08 -51.32 -13.12
SSA -0.11 -0.08 -0.23 -0.18 -27.45 -6.78 -59.32 -14.70
Row -0.04 -0.07 -0.08 -0.16 10.48 2.52 28.52 1.72
Table 7: % changes in relative prices of final goods

Sym No Sym Sym No Sym Asym No Asym Asym No Asym

Mob LI | MobLI | MobHI | MobHI | Mob LI Mob LI Mob HI Mob HI
Oceania 11.1% 11.08 25.10 24.91 16.07 22.85 37.20 49.88
EastAsia 11.23  11.17 25.31 25.15 18.89 28.51 46.75 72.43
SEAsia 11.28§ 11.32 25.42 25.51 21.09 31.46 61.35 107.08
SouthAsia 11.24 11.42 25.33 25.74 25.37 35.03 85.35 138.57
NAmerica 10.93 11.00 24.54 24.72 10.31 2.96 23.74 0.82
LatinAmer 11.05 11.12 24.84 25.02 15.55 22.41 42.95 82.18
Europe 1113  11.09 25.09 24.94 9.08 -3.07 23.02 -5.34
MENA 11.36 11.26 25.64 25.38 17.49 22.74 55.48 89.22
SSA 11.49 11.43 25.95 25.78 21.29 31.93 60.13 117.19
Row 11.25 11.19 25.36 25.22 10.97 3.85 25.29 3.86

5. Discussion of results

The two propositions in section 4.1 are the resiu#t comparative static exercise where no basstireario
has been built. We have tried to be as generabssilge in order to identify and explaining the mmmic
dynamic behind the experiment. It turns out tha #symmetry and the intensity of the climate impact
together with the international mobility of labonda capital can transform a climate cost in a clenat
opportunity. The apparent paradox is that a stronggative intensity of the global climate impaab@ven
amplify the benefits stemming from internationalbitity of the primary factors.

Clearly the above-mentioned economic dynamic witkeiact with other socio-economic drivers in the
future. We identify 3 main socio-economic drivers:

1) demographic projections
2) capital accumulation
3) technological progress (substitution betweenra@nd capital)

We will examine each one of these drivers separated finally analyze them together. This will helpto
disentangle the contribution of each driver andeusiéind how this contribution could change in assion
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with the other drivers, the asymmetric climate igtpaand the assumption about international mobilfty
primary factors.

We start from the population (UN, 2015). In genetaé demographic projections are more reliabl@ tha
economic forecasts because the generation of futothers is already born and there is empiricadleawe
that the fertility rates tend to change slowly. \Weow that population in developed countries will be
stationary or even declining in the next decade#evihe population in the developing countries Wilep
growing but probably at decreasing growth ratess Thplies that the stock of labor will increase e
developing countries. Keeping unchanged the amofirdgapital and making no specific hypothesis on
technological progress, this in turn means thaptiee of labor in developing countries will redused that

of developed countries will remain stable. If wswase that climate impacts could be close to zerven
positive in the Norther latitude (Europe, North Aina and Russia) and negative elsewhere, the
demographic patters are likely to amplify the ir@dy of labor price across regions. In this cake t
international mobility of labor would have an adfital reason to be promoted because the prodyctgain
coming from the relocation of workers will concermigher number of persons from developing cousitrie

The second important driver is the capital accutiaia We can assume a catching-up process between
developed and developing countries. GDP per capitds to converge across regions and this is dtieeto
stronger capital accumulation in the developingntoes which start from a lower level of capitadck. To
some extent this takes place also in the SSPstatwhsistent with neo-classical growth models (&olo
1956; Cass, 1965; Koopman, 1965). In a sense thigataccumulation is similar to labor accumulation
because we can expect a bigger increase in theaksafuck of developing countries. Therefore thiegoof
capital will decrease in developing countries miiv@n that in developed countries. The reductiothef
capital price in developing countries associateth wlimate impacts could enlarge the distance betwe
capital prices across regions and increase thertymity provided by the international mobility cdigital.

What happens when we consider both population giiojes and capital accumulation. In general we can
assume that capital accumulation is bigger thaorlalscumulation. To maintain an average of 1% or 2%
annual GDP growth rate in the next decades for Idpireg countries as a reference and making no
assumption on technological progress, capital actation must be greater than the current demogeaphi
projections. We have tried to replicate these fatta very stylized exercise. We have used thedstah
GTAP model with the same regional and sectoral egggron illustrated in Section 3. As in section W
take Europe and Sub Saharan Africa as the twogeptative regions. In a very rough way we incréhse
capital stock and labor stock in SSA region by eesipely 40% and 5% and we assume Europe in a
stationary situation for both capital and populatid/e assume no international mobility of labor angdital
and we just look at the changes in the primaryofacprice to understand the potential for globalfave
gain deriving from the re-location of labor and italp The results for this very simple exercisewtibat the
price of capital decreases in the SSA while theepdf labor increases. The explanation for thisosfip
dynamic between labor and capital prices is thatiticrease in the capital and labor stock is naform.

The growth in the capital supply is 40% in SSA tha growth of demand is an average between 40% and
5% (recall that the income of the representativeskbold comes from the remuneration of primaryofiesgt

As a consequence the capital price will go downe Bpposite will happen with labor. The reduction in
capital price will be bigger than the increaseatifdr price in absolute value because the growttapital is
bigger than the growth of labor. Overall the lapdce dynamic stemming from the growth of both @ign
factors could reduce the international asymmetryradfitive wages coming from the climate impacts.
Conversely the capital price dynamic stemming fittvan growth of both primary factors could incredse t
international asymmetry in the relative price gbita coming from climate impacts.

Finally we try to examine the role of technologipabgress. It is difficult to do predictions on tbeolution
of this variable. It is also difficult to imagineoWw we should model the technological progress,rin a
11



exogenous way or rather endogenously. And if endaggly what type of assumptions should we introduce
(Acemoglu, 2009). Clearly the regional and sectasgyimmetry of the technological progress will becal

to amplify or mitigate the asymmetry of climate nba impacts. One key parameter to define how the
technology will change in the future is the subsiin between labor and capital (Piketti, 2014). ¢éam
easily assess the role of this parameter in the €@f&ework. We multiply by 5 the value of this paeter

for all regions in the standard GTAP model and e@icate the previous experiment for Europe and ,SSA
where we increased the capital and labor stock08% and 5% respectively in the SSA. As usual wé ko
the relative price changes for labor and capitdieWthe substitution between labor and capitaidseiased
the effects on European prices of capital and laperstill small but the two prices tend to coneeiry the
SSA. In the SSA the labor and capital prices tendonverge toward a negative price because theaser
of capital price is bigger than the increased mltdbor price in absolute terms and this is dugagobigger
growth of capital compared to labor. Therefore hiigher substitutability between labor and capitlid
amplify the benefits stemming from the internatiomability of primary factors and the asymmetricchte
impacts.

We should highlight that all these results refeatsituation in which the economy is in equilibriimthe
base year. The overall picture could substantigiignge if we imagine an economy still doing itsisition
path.

6. Conclusions and further research

This work aims at shedding some light on the paémble played by international mobility of laband
capital for global welfare in the context of climathange scenarios. The work can be useful alisteitdify
key dimensions ofjuality of governance andinnovation capacity which are in turn key determinants of the
challenge to adaptation in the SSP scenarios.

The two fundamental characteristics of the climatpacts are their geographical asymmetry and their
intensity. The results show that the internatianability of labor and capital can transform a cltemaost in

a climate opportunity in case of asymmetric impatlte apparent paradox is that a bigger negatiemsity

at the global level can even increase this oppdytufihe explanation behind these results is theeneent

of labor and capital prices which drive the relaabf primary factors toward the most productiegions.

Further research will consist in integrating thegenous productivity impacts in the CGE model tigtoan
endogenous damage function and carrying out a extensive analysis of the asymmetry and intendity o
the climate impacts. This requires the couplingveen the macro-economic model and the climate nsodel
The coupling with the climate models via the estedaeconometric relation between temperature and
productivity will be crucial to give mote realismdmore accuracy to the economic effects. In aoldithe
coupling will make possible to include all the feadks between the economy and the climate, incodatti

the feedback of the level of the economic actiaitythe level of Co2 emissions and temperature, lwisic
missing in this study. The integration requires eepgbr investigation in the climate models and it is
interesting to assess how the damage function gmddibly interact with the intensity and asymmaetiryhe
climate impacts.

Another line for further research would be to fullgvelop this comparative static exercise in a S&Rario
(O’Neill et al., 2015). SSP5 seems to be the maisalsle as it assumes an increasing degree ohatienal
mobility and market integration in the global ecoryoand little effort on mitigation. This developntemill
make possible to evaluate the interaction betwéiBrate impacts, international mobility of primargdtors
and the three drivers we have discussed in sebtfonall regions in the world.
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We have to point out that large uncertainty charggs the climate impacts, especially for whatceons
the intensity. However there is less uncertaintyttenfact that these impacts will be asymmetric.aAmal
messagethis study highlights the importance to consider market adaptation in the form of a more integrated
global market for labor and capital as a possible strategy option to deal with climate change. We should
acknowledge that the existence of this more intedgrglobal market poses tremendous political chgés,
especially for the international mobility of labdihe feasibility of the autonomous market adaptatia the
international mobility of primary factors should bealuated very carefully also by comparing it wather
strategy options on mitigation efforts.

13



References

Acemoglu D., 2009. First-Generation Models of Eraglomus Growth. Introduction to Modern Economic
Growth. Princeton: Princeton University Press.3g8¥—407.

Aguiar A., Narayanan B, McDougall R., 2016. An Oxiew of the GTAP 9 Data Baséournal of Global
Economic Analysis, no. 1 181-208.

Anthoff D., Tol R.S.J., 2012. Climate damages i UND model: A commenEcological Economics, 81:
42,

Bosello F., Nicholls R.J., Richards J., Roson R, R.S.J., 2012. Economic impacts of climate change
Europe: sea level ris€limatic Change, No. 112(1), pp. 63-81.

Bosetti V., Carraro C., Galeotti M., Massetti Egvdni M., 2006. WITCH. A World Induced Technical
Change Hybrid Model, Working Papers 2006 46, Depant of Economics, University of Venice Ca'
Foscari.

Burke M., Hsiang S. and Miguel E, 2015. Global hioear effect of temperature on economic produgtion
Nature, 527, 235-239.

Cass D., 1965. Optimum Growth in an Aggregative Maaf Capital AccumulationReview of Economic
Sudies, 32, 233-240.

Ciscar J.-C., Iglesias A., Feyen L., Szab6 L., Ragemorter D., Amelung B., Nicholls R., Watkiss P
Christensen O.B., Dankers R., Garrote L., Goodebt,Eunt A., Moreno A., Richards J., Soria A., 201
Physical and economic consequences of climate ehangurope. Proceedings of the National Academy of
Sciences of the United States of America, 108(7)2678-2683.

Darwin R., Tol R., 2001. Estimates of the EconoHifects of Sea Level Ris&nvironmental & Resource
Economics, European Association of Environmental and Reso&conomists, vol. 19(2), pages 113-129,
June.

Hertel, T.W. (Ed.), 1997. Global trade analysis: ddling and applications, Cambridge and New York:
Cambridge University Press.

Harrison J., Horridge M, Jerie M, Pearson K., 20GEMPACK manual, GEMPACK Software, ISBN 978-
1-921654-34-3.

Hope, C.W., 2011. The social cost of CO2 from tA&E09 model, Economics Discussion Papers 2011-39,
Kiel Institute for the World Economy.

Jomini P., Zeitsch J.F., McDougall R., Welsh A.pBn S., Hambley J., Kelly j., 1991. SALTER: A Gealer
Equilibrium Model of the World Economy, Vol. 1. MeldStructure, Data Base, and Parameters. Canberra,
Australia: Industry Commission.

Koopmans T.C., 1965. On the Concept of Optimal Boun Growth. In The Econometric Approach to
Development Planning. Amsterdam: North Holland,5.96

Nordhaus, W.D., 2011. Integrated Economic and QinhModeling, Yale University Cowles Foundation for
Research in Economics, Discussion Paper 1839.

14



O’Neill B.C., Kriegler E., Riahi K., Ebi K.L., Haligatte S., Carter T.R., Mathur R., Vuuren D.P., 420
new scenario framework for climate change reseattoh: concept of shared socioeconomic pathways,
Climatic Change, 122, 387-400.

O’Neill B.C., Kriegler E., Ebi K.L., Kemp-BenedidE., Riahi K., Rothman D.S., van Ruijven B.J., van
Vuuren D.P., Birkmann J., Kok K., Levy M., Soledki., 2015. The roads ahead: Narratives for shared
socioeconomic pathways describing world futureshim 21st centuryGlobal Environmental Change, 42:
169-180.

Piketty T, 2014. Capital in the Twenty-first CentuiCambridge Massachusetts: The Belknap Press of
Harvard University Press.

Rothman D.S., Romero-Lankao P., Schweizer V.J.,BBée 2014. Challenges to adaptation: a fundanenta
concept for the shared socio-economic pathways$eapdnd,Climatic Change, 122, 495-507.

Schweizer V.J., O'Neill B.C., 2014. Systematic domstion of global socioeconomic pathways using
internally consistent element combinatio@imatic Change, 122, 431-445.

Solow R.M., 1956. A Contribution to the Theory afdhomic GrowthQuarterly Journal of Economics, 70,
65-94.

Sterner T., 2015. Higher costs of climate chahgture, 527, 177-178.

UN (United Nations), 2015. World Population Progpe@vailable athttps://esa.un.org/unpd/wpp/

van Vuuren D.P., Edmonds J., Kainuma M., RiahiTKipmson A., Hibbard K., Hurtt G.C., Kram T., Krey
V., Lamarque J.-F., Masui T., Meinshausen M., Nakavic N., Smith S.J. , Rose S.K., 2011. The
representative concentration pathways: An overvigwnatic Change, 109 (1): 5-31.

15



Appendix: sensitivity analysison ¢ parameter

The key parameter of this analysis is clearly tlastieity of substitutiond) in the CET function which
determines the regional supply of labor and capitalorder to test the robustness of our conclissiam
particular the robustness of the two Propositions diso the robustness on the inequality acrogepri
discussed in section 4.2, we carry out a sensitasilysis or.

Graphs 1-4 finally confirm the main conclusiongthit work. The parameter ranges from 0 to -20. In the
previous sections we have used a value of zerorands ten. We consider two additional cases: mimas
and minus twenty. We can define these two additioages as low mobility and high mobility of pringar
factors, respectively.

Graph 1 displays results for global GDP. Interggiinin the low mobility case the world will stilhcur
economic losses but in the low intensity case thidybe cut by more than half and in the high irdigy case
by more than 75%. In the high mobility case andhhigensity scenario the benefits could even redi%h
of global GDP.

Graphs 2-4 illustrate results for relative pricégabor, capital and goods. As usual we take SS\Europe

as representative of the most negatively affeadgibns and the not affected or positively affeategions.

Not surprisingly, increasing the value of the etdist ¢ results in a stronger convergence process for the
price of labor and capital between Europe and SS@nversely, increasing the value of the elastieity
results in a stronger divergence process for tloe jof goods between Europe and SSA.

Graph 1: global GDP % changes (low intensity and highnstsy scenarios with asymmetric impacts)
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Graph 2: % changes in labor price between Europe and &SAiftensity and high intensity scenarios with

asymmetric impacts)
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Graph 3: % changes in capital price between Europe and @&®A intensity and high intensity scenarios

with asymmetric impacts)
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Graph 4: % changes in goods price between Europe and &®Ailitensity and high intensity scenarios
with asymmetric impacts)
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