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Panel A: Decomposition of Exports to Arab countries in 2015
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piloll (uindll

Cilpadill (g doadiwall ciljaioll cang Al Jgaall
Capex_const Destination country’s FDI adjusted to constant price
Log(Capex) Logarithms of Capex_Const
Log(FDI_Stock)

Log(Export) Logarithms of destination country’s export of agricultural, Mining, and manufacturing
products adjusted to constant price

Log(GDP_Sour) Logarithms of FDI source country’s GDP in constant US dollar
Log(GDP_Dest) Logarithms of FDI destination country’s GDP in constant US dollar
Log(Distance) Logarithms of Distance between source and destination countries

Log(GDP_pc_Dest) Logarithms of FDI destination country’s GDP per capita in constant US dollar

Log(GDP_pc_gap) The gap in GDP per capita between source country and destination country, measured
as the logarithms of the ratio between source country GDP per capita to destination GDP
Per capita

Service_GDP_%_Dest Destination country’s share of service sector in its GDP

Service_GDP_gap The gap in the shares of service sector in GDP between source and destination countries,
calculated as the difference between source and destination shares of service sector in
their GDP

=1 if a destination country is a Arab country, otherwise =0

Logarithms of a destination country’s overall Service Trade Restriction Index
Interaction term between Arab_dest and Log(Str_overall)

Lograithms of a destination country’s Mode1 STRI

Logarithms of a destination country’s Mode 3 STRI

Interaction term between log(mode 1) and Arab_dest




Lnmode3_arab
Log(STRI_sec_all)
Log(STRI_sec_mode1)
Log(STRI_sec_mode3)
Ln(DBR_Score)
LnDBR_arab

Tariff rate

Contig

Com_Lang_Off

Com_Lang_Ethno

Colony
Com_Col

Cur_col

Col45

'_r|
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Interaction term between log(Mode 3) and Arab_dest
Sectoral overall STRI

Sectoral STRI for Mode 1 type of trade in services
Sectoral STRI for Mode 3 type of trade in services
Logarithms of World Bank’s Doing Business Score
Interaction between Log(DBR) and Arab_dest
Weighted average tariff rate applied

=1 if destination and sources countries are contiguous

=1 if destination and source countries share a common official language,
0 otherwise

=1if a common language is spoken by at least 9 per cent of the population in both
destination and source countries

=1if destination and source countries have ever had a colonial link, 0 otherwise
=1 if destination and source countries have had a common colonizer

=1if destination and source countries are currently in a colonial relationship,
0 otherwise

=1 if destination and source countries have had a colonial relationship after 1945, 0
otherwise

=1 if both destination and source countries belong to the same Customs Union (CU), 0
otherwise

=1if there is a Free Trade Agreement between destination and source countries, 0
otherwise

=1 if there is an Economic Integration Agreement between destination and source
countries, 0 otherwise

=1if there is a “Partial Scope” Agreement (PS) between destination and source countries,
which covers only certain products, 0 otherwise
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-9.75" -47.34 -9.67" -48.07°" -9.49™ -47.417 -9.42™
13,804 55,261 13,804 55,261 13,752 54,842 13,752

Const

No. of Observations

I s v T ey
With overall STRI with Arab STRI interact with Arab

| | os [ ew | os [ peme | ois | pemt | ois | pew |
| ol alaelwlel e ol ®|

0.84™
0.94™
-0.58™"
055"
0.25"
0.02"
0.03™

001
-0.66™
054
073"
3147
-0.08™
036"
098"
0.19™
042
1.09™
-0.01
002
0.26™
022
0.04
071

-48.01™

54,842

023" 08 023" 08 023" 084 023
026™ 089"  026™ 090" 028" 092" 028
0257 0577 0257 0577 025 058 0257
0187 0527 018 0577 018 051 -0.18™
008" 025" 008"  025™ 008" 0257 008
Service_GDP_%_| 0.00 0.02™ 0.00 0.02™ 0.00 0.02™ 0.00
Service_GDP_gap 001 003" 001 003  001™ 003" 001"
0.20° 0.38™ 0.24" 0.40"

-0.09 -0.57™ -0.09 -0.63™

0.00 -0.03™ 0.01
016" 057 -0.16"
085"  316™ 083 340" 076" 298 073
0.1 -0.70™ 0.28
0200 -0.36™ 0.20° 035" 0200 -035" 0.19°
0.20° 0.87™ 0.20° 0.90™ 0.19° 0.90™ 0.20°
0.13 -0.13™ 0.13 -0.16™ 0.15 -0.14™ 0.15
061" 0477 0627 045" 061" 045 061"
0.65™ 108" 066" 108" 066 1107 066
041" 0.05 041" 0.01 0.39° 0.04 0.39"
-0.37 011 -0.37 -0.06™ -0.37 -0.10™ -0.37
023 0297 023 0297 023 028" 023
-0.03 0.19™ -0.03 0.20™ -0.03 0.19" -0.03
_ 0.14 0.06™ 0.14 0.06™ 0.13 0.06™ 0.13
_ 0.15 0.70" 0.15 071" 0.16 0.70™ 0.16
[Const |

| No.of Obsevations |

Source: Author’s calculations.

=

ote: ", "and " represent statistical significance levels at 10, 5 and 1 per cent levels, respectively.
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_ Overall STRI interact | With Made 1 and 3 Mode 1and 3 STRI
With overall STRI with Arab STRI interact with Arab
T I " I " " I

0.82™ 1427 0.82"" 1.43™ 0.81™ 1407 0.82"" 1407

ke *rk Rk Kk ke

Const 21957 -61.21 -22.24 -61.77 -21.80 -61.15 22157 -61.86""
No. of observations 9,334 28,831 9,334 28,831 9,300 28,603 9,300 28,603

Log(GDP_Sour) 038" 092" 0.38™" 092" 0.38™" 0.93™ 0.38™" 093"
Log(GDP_dest) 0387 094" 039" 0.95™ 039" 097 0.40™" 098"
Log(Distance) 035" 0557 -0357 0557 -034™ 0567 0357  -0.56"
Log(GDP_pc_des) -0.07 0.01° -0.09 -0.03™ -0.06 002" -0.09 -0.03™
Log(GDP_pc_gap) 026" 0.91° 0.26™ 0.90" 0.27" 0.90" 027" 090"
Service_GDP_%_| 0.03™ 0.05™ 003 0.05™ 003 0.05™ 0.03™ 0.05™
Service_GDP_gap 004" 0.05™ 0.04™ 0.05™ 0.04™ 0.05™ 0.04™ 005"
0.15 035" 0.19 036"
-0.12 -0.54™ -0.14 058"
-0.02 -0.01" -0.01 0.02"
017" -0.55™ -0.20” -0.62"
152 3617 1.60™ 379™ 1447 341 1517 361
-0.24 -0.59" -0.1 -0.53"
0.23 -0.46™ 0.23 -0.45™ 0.24 -0.44™ 0.23 -0.43™
0.22 079" 0.24 0.82" 0.19 0.84 0.23 0.89"
0.01 -0.25™ 0 -0.28™ 0.05 -0.28™ 0.02 -0.32"
090" 055" 089" 054" 0917 054" 0.90™ 052"
162" 407 162 407" 1617 405" 1617 405"
-0.64” -0.377 -0.63” -0.33™ -0.64” -0.35™ -0.63” -0.30™
-0.36° -0.07 -0.35" -0.07 -0.35" -0.06™ -0.34° -0.05™
-0.05 0.14™ -0.05 0.15™ -0.05 0.15™ -0.04 017"
0.16 0.09™ 0.16 0.09™ 0.16 0.07" 0.15 0.07"
R
[Const |
| No.of observations |
Source: Author’s calculations.

=

ote: ", "and " represent statistical significance levels at 10, 5 and 1 per cent levels, respectively.
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All country pairs OECD countries as sources of FDI
Overall’ Mode Mode® Overall* Mode Mode™
Overall Arab 1&3 Arab Arab 1&3 Arab

0 | o | o | o | I T

Log(GDP_Sour) 0.19™ 0.19™ 0.24" 0.24™ 0.23™ 0.23™ 027" 027"
Log(GDP_dest) 020" 020 0217 023" 022" 022 027" 0.28""
Log(Distance) -0.09 -0.1 -0.16" 017 017" 017" -0.19° -0.20°
Log(GDP_pc_des) -0.13° -0.13° -0.08 -0.09 0 0.01 0.09 0.1
Log(GDP_pc_gap) 0.05 0.04 0117 0.11° 0.14 0.14 0.26 0.27"
Service_GDP_%_| 0 0 0.01 0.01 0.01° 0.02" 0.02" 0.02"
Service_GDP_gap 0.01™ 0.01 0.01" 0.01" 0.02™" 0.02™" 0.02”" 0.02”"
053" 054" 0.46™ 047"
0.04 0.05 0.1 0.14
0117 013 -0.05 -0.08
033" -0.36™ 0337 036"
0.35 0.27 -0.37 -0.46 0.58 0.47 -0.05 -0.29
039" -0.52 062" -0.54
-0.07 -0.07 -0.15 -0.14 -0.19 -0.19 -0.23 -0.24
030" 0.29° 0.29° 0.28 043" 041" 0.35 0.33
0.04 0.05 0.14 0.15 -0.09 -0.07 0 0.02
0.26 0.27 0.28 0.28 0.33 0.35 0.47 0.48
063 0627 0.74™ 070" 0.58" 0.59" 0.68" 0.69"
0.29 03 0.11 0.12 0 0 0 0
-0.01 -0.02 -0.01 -0.03 0 -0.03 -0.02 -0.08
-0.19 -0.19 -0.37" -0.37" -0.51" -0.51" -0.58" -0.57"
-0.03 -0.03 -0.08 -0.09 -0.15 -0.14 -0.14 -0.14
_ 0.03 0.03 0.12 0.13 0.1 0.1 0.23 0.24
-0.07 -0.07 0.18 0.18 -0.04 -0.03 0.3 0.27
4776 4,776 3,210 3,210 3,820 3,820 2,607 2,607
Source: Author’s calculations.

=

ote: ", "and " represent statistical significance levels at 10, 5 and 1 per cent levels, respectively.
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All country pairs OECD countries as sources of FDI
Overall’ Mode Mode® Overall* Mode Mode™
Overall Arab 1&3 Arab Arab 1&3 Arab

0 | o | e | o | _® | m | @

Log(GDP_Sour) 0.10™ 0.10™ 011" 0.12™ 018" 0.18™ 017" 017"
Log(GDP_dest) 017" 0177 0227 022" 021" 0217 027" 027"
Log(Distance) -0.09° -0.08" -0.1 -0.09 -0.09 -0.09 -0.09 -0.09
Log(GDP_pc_des) -0.07 -0.10° 0.01 -0.02 0.14 0.14 0.1 0.1
Log(GDP_pc_gap) -0.03 -0.03 -0.02 -0.02 0.18" 0.18" 0.13 0.14
Service_GDP_%_| 0 0 0 0 0.01 0.01 0.01 0.01
Service_GDP_gap 0.00" 0.01" 0.01" 0.01" 0.01" 0.01" 0.02° 0.02°
-0.48™ -0.57" -0.59™ -0.49™
-0.04 -0.04 0.04 0.04
021 0.26™ 0.16" 0.20°
0.5 031 -0.21° -0.25"
-0.87" -0.77" 158 1377 -0.97" -0.93° -1.42” -1.28"
-0.28" -0.27 -0.13 -0.17
0.05 0.05 0.02 0.02 0.03 0.03 0.32 0.3
0.03 0.04 0.06 0.1 0.03 0.04 0.17 0.22
0.03 0.02 -0.03 -0.06 -0.07 -0.07 -0.13 -0.16
0.25 0.25 041" 0.37 0.35" 0.34° 0.44 0.4
-0.09 -0.1 -0.05 -0.05 155" 155" 122 1.24™
0.27 0.27 0 0
-0.23 -0.23 -0.59" -0.53" -0.43" -0.43° -0.58" -0.53"
-0.25” -0.25” 0.06 0.07 -0.26 -0.26 -0.27 -0.25
0.04 0.04 0.07 0.07 -0.08 -0.09 -0.30" -0.29"
_ 0.08 0.08 0.08 0.07 0.21 022" 0.36" 0.35"
0.11 0.12 0.04 0.07 0.75" 0.76" 0.73" 0.75"
5,101 5,101 3,099 3,099 3,338 3,338 1,881 1,881
Source: Author’s calculations.

=

ote: ", "and " represent statistical significance levels at 10, 5 and 1 per cent levels, respectively.
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All country pairs OECD countries as sSources of FDI
Overall* Mode Mode® Overall* Mode Mode"
Overall Arab 1&3 Arab Overall Arab 1&3 Arab
ol e lelew e e | ol e

Log(GDP_Sour) 0.05 0.05 0.05 0.05 0.15" 0.15" 0.15" 0.15"

Log(GDP_Dest) 0.08° 0.07° 0.08° 0.07° 011" 0.11" 011" 0.11°
Log(Distance) 0.04 0.04 0.04 0.04 0 0 0 0
Log(GDP_pc_des) -0.15 -0.15 -0.15 -0.15 0.08 0.09 0.08 0.09
Log(GDP_pc_gap) -0.1 -0.1 -0.1 -0.1 0.18 0.18 0.18 0.18
Service_GDP_%_| 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.02
Service_GDP_gap 0.02" 0.02" 0.02" 0.02™ 0.03” 0.03” 0.03" 0.03"
-0.40" -0.40" -0.51" -0.51"
0.08 0.09 0.23 0.25
-0.03 -0.12
0.08 0.09 0.23 0.25
-0.03 -0.12
-0.28 -0.28 -0.28 -0.28 -0.03 -0.05 -0.03 -0.05
-0.07 -0.07 -0.02 -0.02
0.03 0.03 0.03 0.03 -0.02 -0.02 -0.02 -0.02
0.08 0.08 0.08 0.08 0.28 0.28 0.28 0.28
0.1 0.1 0.1 0.1 -0.1 -0.m -0.1 -0.11
0.52" 0.52" 0.52" 0.52° 0.60" 0.61" 0.60° 0.61"
m 059" 059" 059" 059" 0 0 0 0
-0.33 -0.33 -0.33 -0.33 -0.49 -0.49 -0.49 -0.49
0.05 0.06 0.05 0.06 -0.53 -0.52 -0.53 -0.52
0.21 0.21 0.21 0.21 -0.03 -0.04 -0.03 -0.04
EIA 0.08 0.09 0.08 0.09 0.49" 0.50" 0.49" 0.50"
_ 0.05 0.05 0.05 0.05 0.35 0.35 0.35 0.35
1.03 1.03 1.03 1.03 7.9 27 719" a7
2,008 2,008 2,008 2,008 1,389 1,389 1,389 1,389
Source: Author’s calculations.

=
2
@

and " represent statistical significance levels at 10, 5 and 1 per cent levels, respectively.
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All country pairs OECD countries as sources of FDI
Overall’ Mode Mode® Overall* Mode Mode™
Overall Arab 1&3 Arab Arab 1&3 Arab
0 |l o e |l wle e | ol e |

012 0127 018" 0.18™ 0.14™ 0.14™ 0197 0197
0.20™ 020 029" 0.30™ 0.26™ 0.26™ 0.33™ 0.34™
-0.m -0.11 018" 018" -0.16" -0.16" 0.22° -0.21°
024" 025" -0.21" -0.24" -0.04 -0.05 -0.09 -0.12
0.03 0.03 -0.02 -0.02 0.25" 0.25" 0.16 0.16
0 0 -0.01 -0.01 0 0 -0.01 0
0.01 0.01 0 0 0 0 0 0
-0.39” -0.46" -0.29 -0.36"

-0.18” -0.18" -0.14° -0.15"

0.1 0.13 -0.01 0
-0.18" -0.19” -0.15" -0.16"
-0.15 -0.11
0.42 0.36
0.04 0.13 0.03 0.19 0.2 0.33 0.27 0.43
-0.36 -0.38 -0.44 -0.33
0.12 0.12 0.08 0.08 -0.18 -0.18 -0.04 -0.04
-0.28 -0.28 -0.1 -0.09 -0.21 -02 0.02 0.03
0.19 0.19 0.1 0.1 0.25 0.25 0.14 0.13
0.27 0.26 0.34 0.33 0.26 0.25 0.23 0.22
0.65™ 064" 063" 061" 1.19™ 1.18™ 1317 130"
-0.15 -0.15 -0.34 -0.33 -0.18 -0.17 -0.3 -0.3
-0.17 -0.16 -0.12 -0.1 -0.42 -0.42 -0.38 -0.35
0.05 0.05 0 0.01 -0.18 -0.19 -0.2 -0.18
_ -0.02 -0.02 0 -0.01 0.21 0.21 0.15 0.14
_ -0.05 -0.05 -0.28 -0.28 -0.39 -0.39 -05 -0.49
-1.73 -2.04 -5.05" -5.74” -6.58" -7.04” 871" 939
3,262 3,262 2,351 2,351 2,611 2,611 1,861 1,861
Source: Author’s calculations.

=2

ote:, " and " represent statistical significance levels at 10, 5 and 1 per cent levels, respectively.
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With Arab With Arab
dummy and dummy and

interaction i interaction
with FDI with FDI

Log(GDP_FDI_source) 0.817" 0.81™" 0.817" 0.82"
Log(GDP_FDI_Dest) 0.85™ 078" 079" 079 072" 073"
Log(Distance) -0.58" 061" 061" -0.53™ -057" 057"
Log(GDP_PC_FDI_Dest) 0117 -0.05 -0.05 -0.63™ -0.55" -0.53™
GDP_PC_Gap -0.28™ -0.27°" -0.27" -0.85™ -0.82" -0.80™
Arab country -0.69™ 17 -0.90™" -1.46™"
Log(FDI_Serv_stock_from 0.10™ 0.10™ 0.08™ 012" 0.11™ 0.10™"
_Source)
_source) Arab
-0.02 0.08 0.08 0 011" 0.11°
0.06™ 0.06™ 0.06™ 0.10™ 0.10™ 0.10™
source)
012" 011" 011" 012" 0.1 0.1
-0.04” -0.05™ -0.05™ -0.04" -0.04™ -0.05™
-0.09™ -0.09™ -0.09™ -0.30™" -0.30™ -0.29™
1117 059" 0.53 071" 0.08 -0.01
0.96™ 090" 091 0.49" 0.44" 047"
0.05 0.03 0.03 0.02 -0.06 -0.06
034" 038" 037" 031" 035" 035"
-0.21 -0.22 -0.21 -0.3 -0.28 -0.27
1.00™ 099" 097" (KT 1.07" 1.09”
-1.79° Eices -1.81 -3.40” -3.54" -3.48"
074" 072" 0.69” 1.06™ 107 101
060" 0.65™ 0.65™ 043" 052" 055"
0.44™ 056" 056" 033" 050" 052"
_ 0.17 0.03 0.04 031" 0.11 0.09
_ 051" 056" 058" 133" 1.36™ 137
-30.84™  -2832™ -28.03™ 22258 19717 -19.47
3,768 3,768 3,768 2,309 2,309 2,309
0.7206 0.7239 0.7250 0.7559 0.7612 0.7626
Source: Author’s calculations.

=2

ote:, " and " represent statistical significance levels at 10, 5 and 1 per cent levels, respectively.
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To estimate the changes in greenhouse gas (GHG) emissions, the countries models of Tunisia, Egypt and Morocco
have been extended to take into account two main new features. The first is reflected by changing the production
function to take into consideration first energy as factor of production similarly to labour and capital and second to
allow substitution among various types of energy. Equations 1.1to 1.3 reflect the top level of the production nest.
Equation 1.1 determines the volume of aggregate intermediate non-energy demand, by vintage, NvD. Equation 1.2
determines the total demand for non-energy intermediate inputs (summed over vintages), ND. Equation 1.3 determines
the level of the composite bundle of value added demand and energy QKEL.

N
i

D D
n2) NP =2 Nvy
Vv

Pxv. )"
(13) QJ.*;EL=a;<VEL[ ’“j XPv,,

KEL
Py

PXxv,, )"
(1.1) N}i:a?‘v( ”J XPv,,

The next level of the constant elasticity of substitution (CES) nesting disaggregates the QKE bundle into the energy
bundle on one side, and capital demand on the other side. Equations 2.1 and 2.2 provide the reduced form first order
conditions for demand for EP and Kv.

pKE o
P _EAKE| v
(2'1) Ejv - aijjv ( j

EP
Py
) Q_KE A€ pKE P
K v vlijv
jv jv

EP is demand for the energy bundle (by vintage), PEp is the price of the energy bundle, Kvd represents capital demand
by vintage, and R is the vintage specific rental rate of capital. The share parameters are oEfor the energy bundle, and
oK for capital. Capital demand incorporates changes in capital factor efficiency. Energy demand is vintage specific,
and the substitution possibilities across fuels are generally lower for old capital than for new capital. The index e
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represents the fuel commodities in the sectoral disaggregation. Equation 3.1 determines the demand for each fuel and
incorporates energy efficiency improvement which is both sector- and vintage-specific (but not fuel-specific). These
equations complete the description of the production structure. Starting from output, XPv, the nested CES tree
structure of production unfolds until at the end of each branch a basic commodity (at the Armington level) or factor of
production is specified.

EP
EP ﬂ,EP P-EP O
AP EP v v v
B2 X =D aff, | “pa

v % Ae

Further details on the full structure of energy-pollution CGE model is available in Chemingui (2001).
Modeling GHG emissions

Modeling the effect of trade policies on GHG emissions requires, as a starting point, credible estimates of baseline
emissions. The level of emissions by gas, energy type, economic sector and country, are either directly based on
published or unpublished source of emissions inventory for the selected countries or estimated using some techniques
that are explained in more details in Bussolo, Chemingui and 0’Connor (2013). In addition, certain industries display an
autonomous emission component linked directly to their output levels. This is introduced in order to include some
polluting production processes that would not be accounted for by only considering the vectors of their intermediates
consumption. It is assumed that labour and capital do not pollute. A change in sectoral output, or in the consumption
vector, both in levels or composition, therefore affects emission volumes. Formally, the total value for a given polluting
emission takes the form:

E:ZZ ajCi,j +Zﬂixi0“tpm +zaJXiArmington
i i ]

Where iis the sector index, j the consumed product index, C intermediate consumption, X Output o output,

X Armington jo final consumption (at the Armington composite good level), @; represents the emission volume
associated with one unit consumption of product j and :Bi is the emission volume associated with one unit production
of sector i. Thus, the first two elements of the right-hand side of the expression represent production-generated
emissions, the third one consumption-generated emissions.

The volume of emissions is measured in metric tons. In the present study, only four GHG emissions are considered and
are related to the air: carbon dioxide (C02), nitrous oxide (N20), methane (CH4), and fluorinate gases (F-gas).

Modeling health effects of pollutants abatement policies
Pollution abatement policies represent the modern instruments to offset the negative impacts related to the increase

of the level of pollutants in air, soil and water. In this context, abatement tax is the major instrument being implemented
in many developed countries to achieve two major roles: reduce GHGs emissions but also offset the negative impacts
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of specific pollutants on health and agricultural productivity. The modeling framework covers four major steps
described below.

Modeling the links between emissions, ambient concentration and exposure: The translation of emission reductions
into changes in ambient concentrations requires a dispersion model for each pollutant linking location-specific
emissions to location-specific concentrations. Once the average concentrations for the considered set of pollutants
are estimated, they are linked to sectoral emissions by taking the national average of emissions, assuming that
pollution intensity at national level is the weighted average of pollution intensity across the various cities of the
country. For that purpose, a linear relationship between emissions and concentrations was assumed, which means
that a y% reduction in a given sector emissions will also yield a y% reduction in ambient concentration, all else equal.
However, to link changed emissions to changed human exposure, it is necessary to have more than a simple average
measure of ambient concentration, since actual exposure of individuals may differ significantly from the average. This
weighted average is assumed to better approximate actual exposure levels. However, this is still far from a perfect
measure of actual exposure. The equation below represents the simple dispersion model. Air concentration levels are
determined using a matrix of dispersion coefficients, which vary according to the pollutant and stack height.

(M Concentr, =>_ dispers, E,

Where Concentrp refers to the country-wide average concentration of a given pollutant p. diSperSp,stck represent
the degree of differentiation among source types, according the presumed average stack height of emissions from
different sectors — high, medium, and low and finally Ep,stck is the city wide p emissions from each of the sectors
differentiated by typical stack height.”

This equation yields the following results: (1) for low and medium height sources, the concentration/exposure per unit
of emissions is strictly inversely related to the city’s radius, which means that the wider the area over which emissions
are dispersed, the smaller their effect on average ambient concentration; (2) the emissions-exposure relationship for
high-stack emissions follows an inverted-U shape in the city’s radius, as high stacks contribute more widely to area
emissions than low- or medium-stack emissions, so the contribution to area-average exposure rises at first with city
size; and (3) high-stack sources yield a concentration/exposure per unit of emissions very far below low-stack
emissions for virtually any size of city and significantly below medium-stack emissions until city size approaches a
radius of 30 km. For Dessus and 0'Connor (1999), this suggests that, in terms of reaping ancillary health benefits from
energy use changes, it clearly matters where those changes occur in terms of economic sectors.

Modeling health effects: Once concentration is calculated, disease intensity is estimated through the dose-response
equation (2). Notice that the parameter dose maps concentration levels for various pollutants into intensities of a range
of diseases.” Equation 3 calculates a damage value by multiplying a unit cost parameter, uc, times the disease
intensity.

(2) Disease, ; = Z(dosed,pConcentrW)Popr
p

3) Damage, =) uc, Disease,
d
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Whenever valuation studies of air quality improvements include both mortality and morbidity benefits, the largest
estimated monetary benefit is found to be that associated with reduced morbidity risk, which is the estimated value of
a statistical life (VSL).

There is a large literature providing VSL estimates for developed countries but very few for developing countries
(Chile, India and Tunisia, for example). In general, the epidemiological evidence linking suspended particulates
(especially, respirable particulates) to mortality and acute morbidity appears to be the strongest. In the case of
Santiago, for example, a statistically significant, positive relationship has been established between PM-10 and health
endpoint (Dessus and 0'Connor, 1999). With respect to other pollutants, the epidemiological evidence is somewhat
less extensive and conclusive than for particulates.

Health effects are usually measured in heterogeneous units, depending on health endpoint and pollutant. For instance,
mortality effects are normally measured in increased incidence of premature death while morbidity effects may be
measured in terms of either increased frequency of specific symptoms, increased frequency of hospital admissions, or
increased number of days of restricted activity attributable to said condition. For economic analysis, there is a need of
aggregation of these heterogeneous health impact measures in a common way. To do so, the welfare changes from
reduced risk of death and illness measured in terms of individuals’ willingness to pay (WTP) for these health
improvements is frequently used. The WTP measure is rooted in consumer-demand theory, wherein income-
constrained individuals choose among all the possible consumption bundles those that yield the highest level of
satisfaction or utility. Then, assuming that individuals are maximizing utility before some welfare-improving change in
environmental quality, the welfare measure allows knowing what is the most that individuals would be willing to pay to
secure that environmental improvement. The logic is that they would only be willing to pay up to the point where,
weighing the income foregone against the environmental quality improvement, they would be no worse off than in the
status quo. Aggregation of WTP across all individuals gives a measure of how much this environmental improvement is
worth to society as a whole.

Modeling pollution abatement tax: Policy interventions, aimed at improving health and welfare, are of many sorts. This
is why governments need to estimate the relative cost-effectiveness of different sorts of interventions. Existing
literature on pollution abatement instruments distinguished two alternative approaches usually used by governments.
The first reflects the situation when a government implements a given pollution abatement instrument and,
accordingly, the aim of any analysis is to look to its implications in economic and social terms. The second approach
looks to the best policy instrument that may be implemented by a government to achieve a predetermined pollution
abatement rate. In both alternative environmental policy approaches, the selection of the methodology is crucial.
There are two alternative methodologies on how pollution abatement policies could be modeled in a CGE framework
either through the distinction among commodities based on technological standards or simply through the introduction
of a pollution abatement tax. In the absence of data on sectoral disparities in terms of environmental standards, the
second approach has been implemented in this paper.?

Existing literature on pollution abatement taxation in open economies tends to focus on two complementary and linked
impacts that cover the effects of trade liberalization on the environment on the one hand and the effects of
environmental policies on trade flows on the other hand. More recent literature examines, in a public finance setting,
the interactions between new fiscal instruments and preexisting taxes. Trade instruments to protect the environment
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have been found to be a blunt and inefficient approach to environmental policy. In a first best world, policy instruments
directly linked to the source of the externality (production and consumption activities, rather than trade) are proved to
be much more efficient: Pigouvian taxes on effluents, abatement subsidies, marketable pollution permits are found to
be among the best instruments to mitigate the impacts of trade openness on environment. But even in a second-best
world, the optimal policy to abate emissions would be a targeted uniform tax per unit of pollution, as this would directly
discourage the emissions of pollutants, in contrast with trade measures, which will affect pollution activities only
indirectly through additional distortions and resource misallocations (Bussolo and Lay, 2003).

Environmental regulations, by modifying production costs, influence trade patterns through changes in comparative
advantage. A standard prediction for countries with large absorptive capacity and loose ecological normsis a
specialization in dirty industries (pollution heavens). Empirical research tends to confirm that developing economies
specialize in dirty industries. This could suggest that developing economies have a real comparative advantage in dirty
productions, and hence a trade-off between trade liberalization and environmental preservation could occur. Another
set of issues that has received quite a bit of attention concerns the appealing idea of tax discrimination between
"good" things, such as trade (or labour), and "bad things", such as pollution. In particular, the idea of tax swaps
(substituting distortionary tax revenues with environmental tax proceeds) suggested the possibility of generating a
double dividend (less pollution and a more efficient economy). Numerous studies have analysed various kinds of tax
swaps and one major conclusion is that the potential "free lunch” may be eroded by general equilibrium effects
causing changes in the relative prices of inputs and outputs and that only certain special second best initial conditions
will guarantee it.

The pollution tax can be introduced into the model in two ways. It can either be specified exogenously or it can be
generated endogenously by specifying a constraint on the level of emission. In this paper, the second option is
adopted. The tax is implemented as an excise tax per unit of emission. Itis converted to a price wedge on the
consumption of the commodity (as opposed to a tax on the emission), using the commodity specific emission
coefficient. For example in equation 4, the tax adds an additional price wedge between the unit cost of production
exclusive of the pollution tax and the final cost of production. The consumption-based pollution tax is added to the
Armington price, see equation 5. However, the Armington decomposition occurs using basic prices, therefore, the
taxes are removed from the Armington price in the decomposition formulae, see equations 6 and 7.
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p
ﬂip represents the pollution coefficient by sector (i) and type of pollutant (p), P! the pollution tax, XP is sectoral

gross output, XD, is demand for domestic products, XM represents demand for imported goods, PP is the producer
price, PX the aggregate unit cost, PA the Armington price, PM import price, and PD the price for domestic good.
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Modeling welfare change with reduced health damages: The chosen yardstick for welfare is a measure of
compensating variation (CV) proposed by Dessus and 0’Connor (1999), which includes a term to reflect the exogenous
component of welfare change from reduced health damages. Thus, if E is the monetary equivalent of the utility
function, and y disposable income, then measurement is as follows for period t:

ao (¥ —y)-(E(p",u)-E(p,u))- (D" - D)

Where u is utility, p the price system, and the star exponent the policy outcome. The first term, y - y,measures the
gain (or loss) of disposable income caused by the policy shock. The second term measures the changes in expenditure
needed after the policy shock to gbtain the same level of utility as before. The third term represents the exogenous
welfare component, with (D- )equaling the change in health damages based on measures other than “cost of
illness” (COI).
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