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Modalities of Social Safety Nets and the Triangle of Growth,
Poverty and Distribution in the Arab Economy

Sulayman Al-Qudsi
Abstract

This paper has two broad objectives. The first is to unravel
the relationship between growth and distribution in the Arab
Economy on the one hand and to study the unemployment-poverty
nexus on the other. The second is to investigate the distributive
efficiency of private and social safety nets and their ability to target
the poor. Utilizing macro-micro framework and databases, the
paper applies a panel data model to explore the relationship
between income levels, growth and distribution. At the micro level
it deploys continuous and biprobit models and explores the joint
determinants of poverty and unemployment. Salient findings are
as follows. First, the Arab Economy refutes the Kuznet's
hypothesis regarding the U-shaped income distribution



relationship.  Second, unemployment and poverty are jointly
determined and are influenced by aggregate and micro-level
variables. Third, private social safety nets are more effective than
public safety nets in targeting the needy. The findings call for the
implementation of policies that ensure the efficacy of private and
public safety nets as instruments of poverty eradication and of
achieving a more equitable income distribution.
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Abstract

The paper assesses the performance of the Syrian macroeconomy over the 1974-
1999 period. It first looks at the reform policies that were applied to the economy, and then
studies the patterns of Syria’s economic growth, inflation, credit expansion, production
structure and international trade. It also provides an empirical evaluation of Syria’s recent
attempt at financial liberalization using the model of “financial repression”. The main
conclusion is that Syria’s reform agenda is immense, and should involve real sector reforms
in conjunction with the financial reforms being contemplated at present, if the economy were
to take full advantage of its diversified economic base and growth potential.
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Introduction

If one is told of an economy with a diversified economic base and an adult literacy
rate of more than 70% and an average life expectancy of close to 70 years, but whose GDP
growth rate had averaged an annual rate of 6.5% between 1970-84 and only half of that
between 1985-99, one may be tempted to conclude that the economy must be ex-socialist and
in transition. It must be remembered that there is an “entry price” to the market economy."”
However, if one is informed that it is the Syrian economy being referred to here, then one is
left puzzled. Syria has never been truly socialist. Private agriculture and private trade and
commerce has always existed in the economy, nor has it been on a transitional and structural
adjustment path either. So what is going on? And where has all the growth gone?

The aim of this paper is to answer these concerns by tracing the developments in the
Syrian economy over the last twenty-five years that lead to a better understanding of its
current performance and assess its future prospects. The analysis begins with a review of
Syria’s main economic features and reform initiatives and proceeds to present an
investigation into the economy’s macroeconomic developments and its production and trade
profile and capabilities. The objective of this paper is to provide an empirical treatment of
issues relating to Syria’s system of “financial repression”.

Syria’s Economic Policy Initiatives

The perplexing picture of the Syrian economy just alluded to may be clarified by the
analysis of two issues. The first relates to the nature of economic growth in Syria and the
second relates to the kind of reform — or lack of it — that was attempted on the Syrian

cconomy. @

The diversified structure of the Syrian economy in 1998, when agriculture as a
percentage of GDP constituted 29%, industry 26%, and services 45% , masks the fact that the
economy has mostly been powered by rent-like resources. Between 1974-84,
industrialization in Syria was state-led and import substituting. As importantly, it was partly
financed by Arab aid that averaged close to $700 million per year. It was also coupled by a
consumption boom driven by rising current public expenditures and labor remittances which
averaged $600 million annually during that period. But when financing of the resource gap
all but dried up, by 1987, Arab aid came to an end and labor remittances were more than
halved.”) Import substitution barely graduated to the second level so as to generate enough
exports and foreign exchange. Growth started to falter and a severe foreign exchange crisis
hit the economy. It took a combination of new Arab aid (which Syria received in the amount
of $1.5 billion in 1991), favorable oil terms of trade (since Syria became a net exporter of oil
in 1987), and the limited expansion of mostly agricultural exports to resume growth in the
1990s. This was however characterized by a slower rate than the 1974-84 period and with a
visible slowdown in 1997-99. This is of course a familiar story to any student of the Syrian
economy. As will become clearer in the discussions to follow, it implies a relevant and
important point, i.e. the diversified structure of the Syrian economy holds the promise for a
stronger and sustained growth if a suitable package of economic policies and structural
adjustments is designed and implemented. Admittedly however, this is not an easy task. Put

(" For an interesting interpretation of the economic experience in transition countries, see Kornai (2000).

@ An excellent analysis of Syria’s political economy is in Kienle (1994) and especially Perthes (1995). For a
general discussion, see Economist Intelligence Unit (Various Issues) and for an evaluation of Syria’s reform
policies in a regional context, see Bolbol (1998).

© The dearth of Arab aid resulted from both Syria’s stand in support of Iran in the Iran-Iraq war (1980-88) and
the fall in oil rents due to much lower oil prices in the early 1980s.



differently, and somewhat bluntly, it has to be a package that goes beyond the aim of just
maintaining national security and political stability.

The significance of the point made above may be appreciated by a look at Syria’s
reform initiatives, which have undergone two phases and have been stop-go measures and not
a deliberate reform strategy. The first infitah (opening) or reform was undertaken during the
boom years of the early 1970s aimed primarily at widening the social base of support to the
state: guaranteeing private property; removing restrictions on mercantile imports; and
allowing more private enterprise in services and light manufacturing. Aside from political
considerations, the first infitah came to an end in 1977-78 when the liberal import policies
brought a deterioration in the balance of payments.) The second infitah, however, was more
necessary and less timid, having been initiated in response to the crisis of the mid-1980s. It
was a combination of austerity and liberalization measures. The first involved across-the-
board cuts in public expenditures including consumer subsidies. The second involved the
following: (a) liberalization of agricultural prices and removal of restrictions on “large”,
“mixed” land holdings; (b) devaluation of the official exchange rate from S£3.95 to S£11.22
per US$ and permitting exporters to keep 75% of their foreign exchange earnings and to
exchange the rest at the favorable neighboring rate (currently S£47 per dollar);® (c)
elimination of public sector trading monopolies;® and (d) adoption of Investment Law No.
10 aimed at encouraging mostly foreign investment in virtually all aspects of the Syrian

CCOIlOIlly(7) .

A number of observations may be made regarding these reforms. Firstly, they were
implemented without the involvement of international institutions, e.g. IMF and the World
Bank. This ensured the absence of external interference in Syrian economic affairs but
foregoing a source of liquidity and adjustment funds that would have eased their
implementation®. Secondly, the reforms led to a strengthening of the private sector. By the
late 1990s, the private sector came to dominate both agriculture and services and to generate
almost 60% of GDP and investment at least up to 1992, although its share in investment
dropped to 47% in 1997-99 due to public infrastructure investments in electricity and
telecommunications. Despite these achievements, however, the private sector remains for the
most part, hostage to the exigencies of public economic priorities and policies (not to
mention bureaucratic inefficiency and inertia) and plays a subordinate role in the formulation
of such policies. Thirdly, and in counter point, the reforms and their consequent private
sector activities seem not to have done enough in increasing Syria’s competitiveness and
manufacturing capacity since they have mainly unleashed more mercantile trade, provision of

@ Political considerations were both internal and external in nature. Internally, the state was threatened by the
rise of Islamic opposition in the mid-1970s but which it was able to silence in 1980-81. Externally, the threat
came from Syria’s isolation after the Egyptian-Israeli rapprochement in 1978 which culminated in the Camp
David Accords one year later.

Currently, close to 80% of Syria’s exports are evaluated at the neighboring country’s rate. There are now at
least three government-sanctioned exchange rates, ranging from the officially set rate to the accounting rate
(S£3 per dollar) to the neighboring country rate, in addition to the free or parallel market rate fluctuating
between SL 50-55 per dollar. No doubt this multiple exchange rate system has had its fair share in
discriminating against exports and in denying a productive use and allocation of resources.

Syria still has one of the most restrictive commercial policies in the Arab world. Its maximum tariff is 250%,
minimum tariff is 35%, and its weighted average tariff is 12%. Coupled with extensive non-tariff barriers, the
preceding tariff structure produces a protection index of 10 (most protective). For more on this point, see the
paper by Brown, ef al. in Sadik (1999).

Investment law No. 10 is currently under revision. The available version offers the standard package which
allows Syrian, Arab, and foreign investors to launch private or mixed investments; grants five years’ tax
holidays; guarantees the right to repatriate capital and profits; and largely exempts investors from import and
customs duties.

It also took away a target to blame for the economic hardships that structural adjustments usually produce. It
is, however, a sign of the strength of the state that such a program could be implemented without the presence
of any mitigating funds.

)
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upper-end services, and expansion of agricultural exports”. In this respect, the state of the
Syrian economy remains largely tied to the fortunes of rent-like resources outlined in the
preceding discussion."”

Hence, at the dawn of the 21* century, the Syrian economy is not truly socialist nor
private either, not truly in transition, and surely not on very solid foundations. This is why
there is an increasing recognition today for the need for a third infitah strategy involving
deeper and wider reforms'). So far, this has affected financial sector reforms, as evidenced
by the passing of a law allowing for private banking.'® As of yet however, no action has
been taken on other reform fronts such as: privatization, full convertibility, liberalization of
the trade regime, and, as crucially, reform of labor, educational, and industrial policies. It
seems, then, that real sector reforms are taking the backseat to financial sector reforms, in the
hope that the latter will provide a much-needed jolt to the former.

Macroeconomic Development: Income, Inflation and
Domestic Credit

The ephemeral nature of Syrian growth is reflected in the transition from the high-
growth 1970s to the low-growth 1980s and then to the recovery of the 1990s, as is shown in
the behavior of the rate of growth of GDP (gY) in Table 1. Unfortunately, such transitions
did not occur simultaneously with demography, with the result that the rate change of per-
capita GDP (gPCY) turned negative during the periods of low growth and was slowed down
during the high-growth ones. It is no surprise then that per capita GDP (PCY) in dollar terms
declined from a high of $1790 in 1983 to a low of $888 in 1989 and then to recover modestly
to $1044 in 1999. What Table 1 does not show is the employment burden that the high
population growth figures imply. At least for the coming decade, it is estimated that the labor
force will grow by 200,000-250,000 entrants each year (3.7% of the labor force). Finding
employment for them is no doubt a daunting challenge even in the best of times. This is
because a 3.7% increase in the labor force requires a 9% increase in GDP just to provide
employment to the additional labor."” Assuming an incremental capital-output ratio of 5,
which gives the investment required to generate a given rate of GDP growth, this would
entail an investment-to-

GDP ratio of 45%. This is however, an unlikely achievement by most standards, given that
this ratio averaged close to 24% only over the 1974-99 period.""

© One may argue that a measure of competitiveness is the growth of total factor productivity which measures the
growth of output for given levels of inputs due to technological progress and other efficiency-enhancing
factors. Bisat, et al. (1997) found that between 1974-85, annual growth in total factor productivity was 2.6%
whereas between 1986-96, it fell to —1%.

In political terms, the aim of the second reform initiative was to enable the state to reproduce itself with the
partial co-optation of the private sector. The latter, in turn, was expected to shore up the economy, by taking
over some of the shed responsibilities by the state, through its provision of jobs and foreign exchange. At the
same time, the state’s security and regulatory apparatus made sure that the private sector did not emerge as a
strong center of power.

For an outline of such a strategy, see Sukkar (2000).

The main points of the new banking law are: (a) foreign ownership is up to 49%; (b) Syrian government
ownership is not more than 25% in some types of banks, while other types could be entirely private; (c)
individual ownership is not more than 5% of the capital; and (d) minimum capital is S£1,500 million. The law
is silent, however, on how interest rates would be determined, i.e., either by the market or by administrative
decree as is currently the case. See MEED (2000).

The numbers are based on the well-known idea of Okun’s Law, where a 2.5% increase in GDP is needed to
increase employment by 1%.

Historically, Syria’s incremental capital-output ratio has been between 5 and 6. It is interesting to note also
that over the studied period, the average real wage declined by more than 70% and the distribution of income
worsened to the extent that the share of profits in output reached more than 70% by 1998. For more on this
issue, see Jazar (2001).
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Table 1. Growth of Real GDP (g}({), (l}{)owth of Population (gP), Growth of
eal Per
Capita GDP (gPCY) and Nominal Per Capita GDP (PCY)

T 5 S 0
1974 22.7 3.36 19.34 590
1975 20.4 3.47 16.93 750
1976 10.7 3.76 6.94 838
1977 -0.8 3.89 —4.69 866
1978 7.9 3.87 4.03 1000
1979 4.5 3.84 0.66 1148
1980 10.6 3.82 6.78 1455
1981 9.6 3.67 5.93 1732
1982 2.5 3.33 -0.83 1744
1983 1.6 3.33 -1.73 1790
1984 —4.4 3.33 =7.73 1773
1985 6.1 3.42 2.68 1654
1986 -4.1 3.31 —7.41 1338
1987 0.6 3.39 =2.79 1137
1988 14.5 3.37 11.13 987
1989 -10.7 3.35 -14.05 888
1990 8.4 3.38 5.02 1147
1991 7.8 3.42 4.38 998
1992 10.6 3.42 7.18 1015
1993 52 3.36 1.84 1028
1994 7.7 2.52 5.18 1117
1995 5.8 3.07 2.73 1174
1996 4.5 3.29 1.21 1203
1997 1.3 3.29 -1.99 1100
1998 -1.5 3.29 -4.79 1039
1999 -1.8 3.29 -5.09 1044

Source: AMF, National Accounts of Arab Countries (Various Issues)



Table 2 shows the contribution of each expenditure component to gY. The net
resource transfers of the 1970s powered both private and public expenditures and gY was
held back by the increase in imports that such high expenditures entailed. In contrast, the
austerity measures and the “scaling back of the state” in the 1980s left private consumption
expenditures and improvements in the trade deficit to account for the low growth in that
period. However, in the 1990s, all expenditures contributed to growth, especially investment
and its private component.

Table 2. Contribution to Growth of GDP from Growth Components
of Aggregate Demand (Average Annual Percent)

1970-1979 1980-1989 1990-1999
GDP 9 2.6 4.8
Private Consumption 6.6 2.52 1.6
Public Consumption 2.25 —0.66 0.67
Investment 4.65 —-0.42 1.9
Resource Gap —4.55 1.16 0.63

Source: World Bank, World Development Indicators (Various Issues) and author's
calculations.

As to inflation, it is standard in the literature to link its behavior to seigniorage,
which is the change in the monetary base arising from the Central Bank’s purchase of foreign
exchange and from its extension of domestic credit to public enterprises, commercial and
specialized banks, and the government to finance the latter’s budget deficit."” Table 3 shows
that the seigniorage ratio (seigniorage-to-GDP, SE) tracked rather well the deficit ratio
(budget deficit-to-GDP, BD) up until 1985 and the resulting deficit monetization largely
explains the inflationary movements (IN) during that period. During the austerity and
retrenchment years of 1987-92, BD started to fall and SE stayed mainly above it, thus
showing that the Central Bank was engaged in credit expansion to the specialized banks in
addition to deficit monetization. However, in 1993 and onwards, BD began to rise above SE,
an indication that budget deficits started to be non-monetized and that most of the seigniorage
represented credit extensions to the specialized banks. Hence, given the limited seigniorage
activity and the debt-financing of deficits after 1986, most of the inflationary movements
began to be determined by exchange rate depreciations as may be seen by the changes in the
weighted exchange rate in Table 3.

(1 The relation that links inflation to seigniorage may be derived as follows. Let seigniorage be dM/P, the real

change in the monetary base M. From the quantity theory equation, MV = PQ (where Q is GDP and V is
velocity of circulation), and given V and Q, dM.V = dP.Q. Dividing by P, and rearranging terms, dP/P = V/Q.
dM/P, which links inflation dP/P to seigniorage dM/P.



Table 3. Budget Deficit Ratio (BD), Seigniorage Ratio (SE), Inflation
(IN), and Change in Exchange Rate (gE), in Percent

Year BD SE IN' gk’
1974 7.84 6.26 14.66 0
1975 7.45 4.06 16.27 0
1976 9.35 5.18 11 4.1
1977 10.73 5.84 11.9 1.89
1978 8.97 7.45 5 0
1979 0.77 3.67 4.9 0
1980 9.7 7.78 18.9 0
1981 6.31 2.05 18.4 7.51
1982 9.68 12.28 223 0.47
1983 9.76 9.34 6.3 0.47
1984 16.92 13.99 9.2 0.46
1985 17.39 18.52 17.2 14.48
1986 11.54 423 36.1 43.67
1987 3.98 4.57 59.4 44.17
1988 2.14 -1.93 34.6 63.74
1989 1.66 6.43 11.4 19.37
1990 -0.7 8.31 19.3 -2.67
1991 0.59 2.62 9 29.05
1992 1.1 6.34 11 134
1993 5.52 4.67 13.2 6.36
1994 7.06 2.58 15.3 10.27
1995 6.35 1.35 7.6 3.65
1996 437 1.81 8.8 14.28
1997 3.33 1.28 2.2 14.28
1998 43 1.27 —0.54 9.78
1999 4.18 1.82 -2.63 -0.89

! Changes in consumer price index. »
The exchange rate is the Wel§hted average of the %revallmg

multiple exchqn%e rates. i ecoming

ncreasmgl¥ this is !
equal to the neighboring country rate.” The exchange rate is

defined as Syrian Pounds per dollar, so positive gE are

equivalent to depreciations. .
%ource): AMF, Arab Countries: Economic Indicators (Various
ssues).

It is interesting to gauge the above analysis in terms of the composition of total
domestic credit. In confirmation with Table 3, Table 4 shows that domestic credit to the
government (DCG) took the lion’s share of total domestic credit and peaked at 73.92 in 1985,
but fell later on to reach below 7% in 1997-99. What is interesting is that public enterprises
took over most of the domestic credit released by the government such that their share rose
from 18.8% in 1985 to 86.63 in 1999, against an increase in the share of the private sector
from 7.68% to 29.46% during the same period."® It also seems that most of the seigniorage
activities of the Central Bank from 1985 onwards, were primarily directed towards the
specialized banks and were funneled by the latter as loans to public enterprises. In 1999, the
loans by the Central Bank to the specialized banks reached a total of S£164,991 million
(constituting 38% of its total loans), whereas the latter’s loans to public enterprises totaled

(19 This happened against a background of general decline in the importance of domestic credit in the formal

economy, since the ratio of domestic credit to GDP decreased from a high of 70% in the late 1980s to a low of
26% in 1999. For more on the analysis of credit distribution, see Al-Abrash (2000).



S£179,711 million (constituting 70% of their total loans)."” It is no wonder then, that public
enterprises are gobbling a lot of resources and acting as the economic “black hole” in the
country.(lg)

Table 4. Domestic Credit to Government (DCG), to Private Sector (DCPS), and to

Public Enterprises (DCPE), as Percent of Total Domestic Credit

Year DCG DCPS DCPE
1974 39.56 11.15 49.29
1975 26.54 11.42 62.04
1976 35.46 9.34 55.2
1977 34.77 9.19 56.04
1978 47.62 8.86 43.52
1979 42.13 11.49 46.38
1980 44.76 9.46 45.78
1981 38.41 8.52 53.07
1982 50.13 8.8 41.07
1983 53.26 9.75 36.99
1984 64.09 9.01 26.9
1985 73.92 7.68 18.4
1986 72.63 7.82 19.55
1987 70.79 8.42 20.79
1988 54.76 9.19 36.05
1989 50.79 11.51 37.75
1990 50.04 12.61 37.35
1991 39.02 16.45 44.53
1992 34.5 18.59 46.91
1993 24.2 16.73 59.07
1994 26.0 22.65 51.35
1995 21.73 24.64 53.63
1996 13.46 27.2 59.34
1997 7.06 28.87 64.07
1998 2.88 30.79 66.33
1999 -16.09 29.46 86.63

Source: AMF, Money and Credit in Arab Countries (Various
Issues)

UM According to publications by the Central Bank of Syria, loans to public enterprises by the Central Bank do not

change at a cumulative total of S£106 million.

) This is not to deny the social and political role that public enterprises play in providing livelihoods and in
maintaining social peace. In an interesting paper, Dalila (2000) argues that the problems plaguing the public
sector are the product of misguided government policies ranging from distorted pricing of inputs and output to
low replacement investment (only 2%) to futile attempts of strengthening the private sector at the expense of
public enterprises.

(18



The Real Sector: Production Structure, Trade,
and Terms of Trade

As indicated earlier, Syria’s economy is a cross between a diversified and a rentier
one. A look at developments in its sectoral output distribution makes this point clear. Table
5 reveals the growth rates and GDP shares of each of the agriculture, industry, and service
sector. On the average, the industrial sector grew the slowest, except in the 1990s due to the
strength of the oil industry, and its share in GDP still does not account for more than 25%.
Except for draught years when it registered negative growth, agriculture, otherwise saw
considerable growth such that its share in GDP rose from 20% to about 28% during the 1979-
99 period. As to services, it witnessed its best growth years during the boom years of the
1970s and the second-reform period of the early 1990s. However, its share has been in
overall decline from a high of 57% to a low of 44% during the recorded period.

Table 5. Agriculture (gA), Industry (gI), Services (gS), Contribution to
GDP Growth; and Share of Agriculture (SA), Industry (SI), and Services (SS)

in GDP; in Percent

Year gA SA gl SI gS
1974 13.9 20.21 3.8 26.14 4.9
1975 1.6 17.89 4.2 24.79 14.6
1976 5.6 19.33 2.9 25.96 2.2
1977 —4 18.34 -0.9 25.37 4.1
1978 6.2 20.95 0.7 26.06 1

1979 —4.5 17.45 0.6 27.89 8.4
1980 10.3 20.2 1.2 233 -0.9
1981 1 19.4 0.3 25.5 8.4
1982 -0.9 20.1 1.2 23.2 2.2
1983 —0.1 21.3 0.9 22.5 0.8
1984 2.4 19.7 -1.6 22.6 -0.4
1985 1.6 21 4.1 21.9 0.4
1986 1.7 23.8 2.3 223 -3.6
1987 —4.1 25.4 0.9 19.4 3.9
1988 8.2 30.4 5.2 20.1 1.2
1989 -8.8 23.7 3.6 23.7 =5.5
1990 4.8 28.6 4 23.9 -0.4
1991 0.8 30.3 4.9 221 2.2
1992 6.9 31.2 2.2 17.9 1.5
1993 0.2 29.1 1.5 18 3.5
1994 1.5 27.5 0.7 18.3 5.5
1995 1 28.2 2.5 18.1 2.3
1996 4 27.7 34 25.6 -2.9
1997 -0.8 25.8 34 28.5 -1.3
1998 2.6 29.2 -3 26 -1
1999 —4.2 23.95 5.2 30.29 2.8

Source: AMF, National Account of Arab Countries (Various Issues); World Bank,
World Development Indicators (Various Issues); and author's calculations.



Beyond these descriptive statistics, and more fundamentally, two important
observations about the structure of the Syrian economy may be discerned.

Firstly, the economic structure exhibited “Dutch Disease” syndromes since the
overvalued exchange rate of the 1974-85 period increased the share of the service sector at
the expense of the industrial sector. Alternatively, it reduced the relative production of
tradeables (exports and import-competing goods) by making the net exports-to-GDP ratio
(NX) more negative, as may be seen in Table 6."” However, although the exchange rate
depreciations of the later years did produce a reversal in the share of the service sector and a
smaller negative NX, it was agricultural tradeables that mostly expanded and not
manufacturing. This is because the rise in the industry’s share was largely due to increasing
oil production and exports.

Secondly, despite its diversified base, Syria’s economy reveals a lop-sided structural
transformation. Instead of manufacturing and then services increasing their shares in GDP
and in employment at the expense of agriculture, Syria’s growth over the last two decades has
increased agriculture’s share in both GDP and employment, as is shown in Tables 5 and 7.
This is fine in a region that has a hard time meeting its agricultural needs — the Arab world’s
ratio of agricultural imports to agricultural value added is 56% against Syria’s 13% — but it
does call for a deeper structural transformation through the expansion and upgrading of
manufacturing.

Table 6. Barter Terms of Trade (TOT) and Income Terms of Trade (ITOT),
with 1980 = 100; and Net Exports-to-GDP Ratio (NX), in Percent

Year TOT 1TOT NX
1974 63 67 -9.6
1975 62 74 —-12.49
1976 66 85 —-14.65
1977 67 77 —22.29
1978 59 68 -16.22
1979 71 90 —-17.04
1980 100 100 -17.2
1981 112 103 -17.4
1982 109 102 -11
1983 103 101 -13.4
1984 103 99 -11.6
1985 100 88 -13.4
1986 68 72 -10.9
1987 73 68 -13.2
1988 66 65 -9.2
1989 73 139 0
1990 84 173 0.3
1991 79 138 -7.7
1992 77 133 -11.7
1993 69 163 -13
1994 56 123 -12.3
1995 58 199 —-6.9
1996 59 199 -6.3
1997 60 226 -14
1998 56 213 -0.4
1999 55 183 0.23

Source: UNCTAD, Handbook of International Trade and
Development Statistics (Various Issues)

(9 The reduction in the output of the tradable sector arises because the high or over-valued exchange rate reduces

the price in domestic currency terms of both exports and imports; for a survey of “Dutch Disease” issues, see
Corden (1984).
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Table 7. Sectoral Distribution of Employment, in Percent

Year

Sector 1970 | 1981 | 1991 | 1995
Agriculture 51 26 28.2 28.6
Mining and Manufacturing 13.5 17.7 14.3 16.2
Building and Construction 7.3 17.5 10.4 12.6
Transport and Communication 4.2 6.8 5.1 5.2
Trade 9.5 9.5 11.6 | 13.8
Finance, Insurance and Real Estate| 0.6 0.9 0.7 1.5
Community and Personal Services | 13.8 214 29.2 22.2

Source: Government of Syria, Statistical Abstract (Various Issues).

To elaborate on the notions of the sectoral distribution of production and its Dutch
Disease effects, Table 8 presents the share of commodity exports to total exports. It may be
seen that food and agricultural exports increased steadily from 1987 onwards. On the other
hand, other manufactures followed a much bumpier ride, manufactures being the main
concern here, since Syria does not really have a comparative advantage in chemicals and
machinery. Generally, there was an improvement in textile and clothing exports. However,
the overall movements in other manufactures reflect mostly the automatic opposite changes
that occur to its percentage share in response to changes in the share of fuel arising from
fluctuations in the price of oil. It should also be noted that the high share of other
manufactures in the late 1980s reflects an increase in exports as a partial barter payment of
debt to the ex-Soviet Union.*”

Moreover, the emphasis on other manufactures reflects the fact that Syria’s nurturing
of a future comparative advantage lies there. Comparative advantage is defined as the ratio
of a country’s share of world exports in a given good to the country’s share of world exports
in all goods, and indicates that if this ratio is greater than 1, then the country has a
comparative advantage in and is a net exporter of the given good. Currently, Syria’s revealed
comparative advantage in commodity exports are: food, 1.35; agriculture raw material, 2.44;
fuel, 7.97; metals, 0.48; chemicals, 0.02; machinery, 0; and other manufactures, 0.32 (AMEF,
Foreign Trade of the Arab Countries, various issues). However, besides a competitive
exchange rate, reaping a future comparative advantage in other manufactures requires an
increase in labor productivity - something that the Syrian manufacturing sector sorely needs
given that its unit labor cost is currently a high 0.43 (relative to the unit labor cost of
comparable and would-be competing countries: 0.31 for Egypt, 0.27 for Malaysia, 0.29 for
Mexico, and 0.22 for Poland [AMF, Foreign trade of the Arab Countries, various issues]i). It

@9 For more on Syria’s export performance, see Khadour (2000).
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is appropriate, then, that real sector reforms aimed at enhancing investment efficiency and

labor productivity, should assume on their own, a notable urgency.

Table 8. Share of Commodity Exports in Total Exports, in Percent

Year | Food M;:::;]als Fuel Chemicals | Machinery Man?ltflz:i:ures
1974 5.7 31 54.9 0.5 0.7 7.1
1975 4.9 16.9 70.2 0.2 1 6.5
1976 6 19.2 64.7 0.2 1.9 8
1977 5.4 24.6 60.6 0.2 2.5 6.6
1978 6.6 21.5 62.8 0.15 2.1 6.7
1979 4.6 15.7 72.1 0.2 1.35 5.6
1980 4.2 10.35 78.9 0.15 1 5.4
1981 32 92 79 0.2 1 7.3
1982 7.6 7.8 74.7 1.1 0.55 8.25
1983 4.6 11.4 68.8 1.5 1.1 12.5
1984 5.8 17.8 63 3.6 0.9 8.75
1985 2.7 11 74 3 0.9 8.2
1986 6.7 14.1 42.1 12.3 0.65 24.15
1987 3.85 13 51.8 10.75 0.5 20.1
1988 8.2 8.7 43.9 12.9 0.4 25.8
1989 11.5 5.3 39.15 11.8 0.5 31.6
1990 13.6 5.5 45.2 12.8 0.25 22.6
1991 | 13.15 6.9 53.4 0.1 0.2 26.2
1992 | 13.15 7.8 69.6 0.25 0.1 9.1
1993 14.6 7.2 66.7 0.2 0.35 11
1994 16.2 7.6 56.25 0.45 0.6 18.8
1995 11.9 7.35 62.5 0.6 0.8 16.8
1996 15.5 59 68 0.25 0.15 10
1997 | 18.15 8.5 63.5 0.5 0.15 9.2
1998 19.7 12.7 55.5 1.6 0.25 10.2
1999 16 6.8 67.15 0.9 0.25 8.95

Source: AMF, Foreign Trade of Arab Countries (Various Issues).
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Lastly, given this merchandise export performance, what is its purchasing power? This
may be measured by the income terms of trade (ITOT), given in Table 6, which is equal to
the barter terms of trade TOT times the volume of exports and gives the capacity to import
financed by exports.?" Between 1970-80, ITOT increased by 6.5% annually whereas actual
imports increased by 13.9%, and the difference was financed by net resource transfers during
that period. However, between 1980-88, ITOT decreased by 3.5% whereas actual (recorded)
imports declined by 11.5%. Interestingly, the difference was accounted for by the notorious,
widespread smuggling prevailing at that time. As to the 1988-99 period, ITOT increased by
10.2% and the corresponding increase in actual imports was a close 8.1%,”” which helps
explain the smaller negative NXs during the period. Again, the point, is that although an
improvement in Syria’s export capacity is observed, it is one tilted in favor of resource-based
exports.

The Financial Sector: Savings, Interest
Rates and Liberalization

Syria has a mono-and one tier-financial system consisting of the Central Bank and
seven state-owned specialized banks and other non-bank financial institutions. These
comprise the Commercial Bank of Syria, Agricultural Cooperative Bank, Popular Savings
Bank, Real Estate Bank, Industrial Bank, General Syrian Insurance Agency, and General
Postal Savings Establishment. There are no money and capital markets. Interest rates are
administratively set and they averaged close to 6% before 1981 and 10% thereafter. Thus,
this resulted in negative real interest rates throughout the entire period (except for the late
1990s) as is usually the case with interest rate ceilings in the presence of rapid inflation. The
specific details of the financial system are not delved into as the focus of this paper is on the
impact of the financial system and its liberalization on savings, investment, and growth. This
will be accomplished within the framework of the Mckinnon -Shaw model since Syria seems

to represent a typical case of “financial repression”.*”

The Following figure presents a simple illustration of the model. Savings (S) is a
positive function of the real interest rate (r), whereas investment (I) is a negative function of r
and its actual level is limited or “repressed’ to I,, the amount of savings forthcoming at the
fixed or administered real interest rate r,. Hence, non-price rationing of investible funds must
occur, which typically takes the form of quality of collateral, name, political pressure and
priorities, and covert benefits to bank officials. More importantly, interest rate ceilings such
as 1, distort the economy in several ways: (a) produce a bias in favor of present consumption;
(b) encourage projects that are relatively capital intensive; and (c) select investments with
low-yielding returns by entrepreneurs who would not be able to borrow at the market-clearing
interest rates.*? Thus, relaxing the financial constraint by increasing interest rate ceilings to
r; will increase savings and investment and by weeding out all low-yielding and grandiose
investments, increase the average efficiency of investment. As a result, the level of income
will rise and in the process, will shift the savings function to S (Y;). In addition, the

@) The barter terms of trade gives the units of imports that one unit of exports can “buy”, so the product of the

barter terms of trade and the volume of export gives the total imports that exports can finance.

) Levin and Raut (1997) estimate that for every 10% increase in annual exports, GDP increases by 1.5% due to
relaxed import restraints and efficiency effects. Only the East Asians economies have maintained export
growth rates in excess of 12% since the early 1970s.

) The classic work is in Mckinnon (1973) and Shaw (1973). For a comprehensive survey of Syria’s financial
sector, see Bisat (2001).

) The strongest critique to the Mckinnon-Shaw thesis came from Stiglitz (1994) who argues that higher interest
rates cause adverse selection and distress by insolvent agents, whereas lower interest rates increase firm equity,
and, if coupled with allocative targeting of credit to exporters or high-tech firms, can lead to positive
spillovers and high social rates of return.

(22

23

(24
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expanded financial intermediation between savers and investors increases the incentive to
save and invest. It also raises the average efficiency of investment due to the intermediaries’
expertise in maturity intermediation and their ability to lower cost to participants because of
scale economies, risk diversification, and information gathering and dissemination.*”

f S(Yo) S(Y1)

To

Iy I S,1

Financial Repression Model

In applying the model to the Syrian context, its impact on investment efficiency and
then on savings and investment is studied. As to investment efficiency, this is measured by
the growth rate of total factor productivity (gTFP) which is a catch-all measure indicating the
change in output for given inputs of capital and labor. The gTFP is calculated as the residual
from a regression of the growth accounting equation over the studied period 1974-99.°® The
resulting gTFP is regressed on the following independent variables: (a) r, the real interest
rates on deposits no less than one year for which the nominal rate was fixed at 5.75% for
1974-81 and at 9% for 1982-1999; (b) DL/Y, the ratio of liquidity (money and quasi-money-
to-GDP as a measure of financial intermediation; (c) DCPS, domestic credit to the private
sector as an indicator of the quality of investment since private sector investments are usually
subject to more rigorous evaluation by bank officials; (d) gTOT, change in the terms of terms
of trade; and (e) D, dummy variable equal to 1 for years of bad agricultural harvests due to
draught conditions, and 0 otherwise. Both gTOT and D are included to isolate the effects of
these “external” factors on gTFP.

The OLS results are reported in Table 9 and reveal the following. Liberalizing the
financial restraint by increasing r seems to have no significant effect on gTFP. This is most

% King and Levine (1993b) also argue from an endogenous growth perspective, that financial institutions can
enhance innovation by evaluating, managing, and funding entrepreneurial activity.

% The growth accounting equation that is estimated as:
gY= a gL+MPK.I/Y
where a is the share of labor in output, gL is the growth rate of labor force, and MPK is the marginal
productivity of capital. The resulting residual produces an annual gTFP of 0.7%. Using a different variant of
the growth accounting equation (see footnote 9), Bisat, et. al (1997) calculate that between 1974-85, annual
gTFP was 2.6% whereas between 1986-96, it declined to —1%.
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likely due to the fact that a high r will result in lower investments as well as a concentration
on risky projects, counter to the Mckinnon-Shaw hypothesis. The interesting effect is that of
the DL/Y which is significantly negative. This is because domestic liquidity in Syria is
comprised mostly of outside money, since currency constitutes more than 50% of domestic
liquidity (and more than 20% of GDP, both high by the standards of most countries), as
maybe seen in Table 10.°” Hence, liquidity in Syria does not arise from inside money
through deposit creation. This is due to factors that have to do with archaic banking
structures and operations, lack of a banking culture, and unstable macroeconomic
developments. The resulting outside monetization denies the economy the efficiency effects
associated with intermediation.”® Domestic credit to the private sector does not seem to be
helping either since its effect is not significant. This is partly due to the fact that DCPS still
represents a small fraction of total domestic credit. Most of the domestic credit to the private
sector comes from informal sources and neighboring banks and this is also partly because
close to 75% of this credit is invested in trade-related services. Finally, both D and gTOT
carry the expected and significant signs. As to the effects of the explanatory variables on
gPCY, they are largely similar to those on gTFP. This is not surprising since for given
capital-labor ratios, changes in per-capita (or labor) output mirror changes in TFP.*”,

Table 9. Dependent Variables Growth Rate of Total Factor Prouctivity (gTFP)
and Growth Rate of Per-Capita GDP (gPCY)1

Independent Variables gTFP gPCY
R —-0.0182 —0.0952
(~1.347) (-0.631)
DL/Y —0.0333%* —0.2648%*
(-2.033) (-2.375)
DCPS -0.0102 0.0952
(~0.462) (-0.631)
gTOT 0.0105%** 0.0822%*
(1.844) (2.131)
D —1.1966%* -9.3619*
(-3.619) (—4.167)
Adj R? 0.51 0.59
F-test: P- value 0.0011 0.0002
N 26 26

'Figures in brackets are t-statistics.
“Significant at 1% .
"Significant at 5%.

““Significant at 10%.

@7 Syria’s DL/Y, CC/DL, and CC/Y figures compare unfavorably with the average for developing countries. For

the latter, DL/Y is at least 20% less and CC/DL and CC/Y 40% less.
) The excessive monetization outside of the banking system also makes it harder to predict the stock of money
for proper economic-decision making. For more on these issues, see Durgham (2000).

9 On a cross-sectional basis, the bulk of the evidence seems to favor the Mckinnon—Shaw thesis. Fry (1981) and
Lanyi and Saracoglu (1983) find that a 1% increase in the real deposit rate towards its free-market equilibrium
level increased GDP growth by 0.5%. On the other hand, the World Bank (1989) finds that countries with
positive real interest rates had lower incremental capital-output ratios. However, Fry (1997) and De Gregorio
and Guidotti (1995) argue that the relationship between real interest rates and growth could follow an inverted
U-shape pattern, i.e. increasingly higher real interest rates start to lower growth rather than increasing it.
Lastly, King and Levine (1993a) and Levine, et. al (2000) show that both DL/Y and DCPS are positively
associated with gTFP and gPCY.

(28

15



Table 10. Ratio of Currency-to-GDP (CC/Y), Domestic Liquidity-to-GDP
(DL/Y), and Currency-to-Domestic Liquidity (CC/DL), in Percent

Year CClY DL/Y CC/DL
1974 21.4 37.6 56.91
1975 19.04 36.6 52
1976 21.1 37.67 56.02
1977 24.92 44.15 56.47
1978 25.85 46.76 55.3
1979 25.2 45.55 55.31
1980 26.17 46.86 55.85
1981 21.35 42.32 50.45
1982 25.22 48.71 51.76
1983 27.96 57.55 48.6
1984 33.38 70.04 47.66
1985 35.52 76.29 46.55
1986 36.28 71.16 50.98
1987 32.77 62.13 52.74
1988 28.04 52.06 53.86
1989 28.7 55.7 51.52
1990 28.4 55.7 51
1991 29.67 53.5 55.45
1992 28.95 53.38 54.23
1993 30.48 60.17 50.65
1994 26.67 55 48.5
1995 25.18 53.03 47.48
1996 22.18 47.91 46.3
1997 2143 47.83 44.8
1998 22.62 49.13 46.04
1999 22.18 52.58 42.18

Source: AMF, Money and Credit in Arab Countries
(Various Issues).
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Regarding savings, the Mckinnon-Shaw hypothesis argues that investment will be
given or “solved” by the level of available savings which in turn, is determined by the
exogenously set r and other explanatory variables. The savings function is estimated as
follows:

S/Y = f (r, PCY, DL/Y, FS/Y, gY)

where S/Y is domestic savings-to-GDP ratio. The inclusion of PCY reflects Keynes’ savings
(or consumption) hypothesis and it is modeled as (1/PCY) to indicate the parabolic relation
which it could have with S/Y.®” The variable FS/Y is foreign savings and it denotes whether
FS/Y is a substitute or not to domestic savings. As to gY, the rate of growth of GDP, it
captures the capacity to save a /a the life-cycle hypothesis. With rising GDP, each successive
age group will be aiming for a higher level of consumption in retirement and, as a result, the
savings of the active households will exceed the dissaving of the currently-retired households
with a lower level of lifetime consumption.

Table 11 records the estimated OLS results. It may be observed that relaxing the
financial constraint by increasing r will increase savings. Therefore, at least this implication
of financial liberalization a /a the Mckinnon -Shaw model is satisfied. The effect of PCY on
S/Y is not significant. This is because the instability in per capita income which arises from
fluctuations in oil prices, agricultural harvests, and development aid, have clouded economic
agents’ distinction between transitory and permanent changes in income and have made it
harder for them to establish a steady savings pattern.®"” As to DL/Y, it is not significant for
the aforementioned reasons identified. The FS/Y is significant with the expected sign,
showing that foreign savings, through mostly net resource transfers, relax liquidity or
borrowing constraints for the domestic economy and in the process, leads to less savings.*”

The effect of gY on S/Y is not significant and this result offers an interesting
interpretation. To better understand this, gY is split to the sum of gP, the rate of population
growth, and gPCY, the rate of per-capita GDP growth.®” In Syria, the high population
growth rates have produced an unbalanced population structure with a dependency ratio of
0.8 (against developing countries’ average of 0.6). This has resulted in the excess of extra
consumption demands by the growing child-dependency ratio over the increase in savings
that comes about as a result of the rise in the ratio of active to retired households as
population growth persists. Hence, the negative and significant effect of gP on S/Y and
coupled with the insignificant result for gPCY, it explains why gY is insignificant as well.
In other words, the instability in income sources combined with high population growth rates,
make it even harder for income per person to have a steady positive relation with savings.

(30
@31

) For more on this way of modeling PCY, see Hussein and Thirlwall (1999).

) In a cross-section sample, Ul-Haque, et. a/ (1999) find that introducing such dynamic behaviors to the savings
function, also makes PCY an insignificant factor.

) In the context of the Arab countries, Jbili, ez. al (1997) studied the effects of financial liberalization on savings

in Algeria, Morocco, and Tunisia. Over the entire 1970-96 period, none of the financial variables utilized

came significant in each of the three countries. However, in the reform period of 1988-96, both the real

interest rate and DL/Y came significant with the expected signs in Morocco and Tunisia only. Also, in a cross-

section sample , Loayza, et. al (2000) observe the effect of DL/Y on savings to be insignificant, but the effect

of the real interest rate to be negative thus indicating the dominance of the wealth effect over the substitution

effect.

In other words, the splitting of gY means that GDP growth will be the sum of output growth arising from an

increase in the active population due to population growth and the growth of output per person.

(32

(33
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Table 11. Dependent Variable Domestic Savings-to-GDP Ratio

(S7Y)"
Independent Variables 1) )
R 0.1559** 0.1395%*
(2.316) (2.179)
1/PCY 2557.09 —-1621.25
(0.348) (-0.223)
DL/Y —0.1149 —0.1695%*
(-1.255) (-1.862)
FS/Y —0.3062%*** —-0.2343
(-1.79) (-1.415)
GY —-0.0376
(-0.322)
GP —5.8398%#**
(-1.889)
GPCY —0.0846
(=0.75)
Adj R? 0.44 0.5
F-test: P- value 0.004 0.0024
N 26 26

'Figures in brackets are t-statistics.
“Significant at 5%.

""Significant at 10%.
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Conclusion: Summary and Policy Implications

To a large extent, the diversified Syrian economy represents a case of arrested
development held back by a hesitant private sector, a dormant public sector, and a set of
incomplete and sometimes incoherent policy reforms. The economy found itself in the (un)
lucky situation of rising rent-like resources from oil exports in the late 1980s after Arab aid
and labor remittances dried up or declined, which weakened both the urgency of reforms and
the resolution of reformers. Also, Syria’s diversified economic base is not without its
problems. Its industrial sector is distorted by the presence of oil, which dominates most of its
value added and most of all, exports. The real sector, then, has remained maladjusted,
lacking in the right economic and institutional incentives to enable the productive private
sector and manufacturing industry to redirect the growth process towards a more intensive
and “balanced” growth path. It has also remained bogged down by public enterprises that
consume a lot of expensive resources but produce little “private” returns. The financial
sector seems to be increasingly dissociated from the real sector since currency constitutes
more than 50% of liquidity; domestic credit is less than 30% of GDP; and only 4% of the
population has deposits with the available banks.

Whether Syria follows the Chinese or the Turkish model in its political economy, its
reform agenda is immense.®* It requires a strong political will that places economics at least
on par with politics and neutralizes the forces opposing reform. Otherwise, economic reform
will dither as shown by the delay in the implementation of the new banking law.®> It can
start by concentrating on the following issues, which neither claim to be original nor should
they be considered separately:

e Increasing and improving manufacturing industry in low-and medium-skills products.
This should involve an active and committed participation by the private sector, and
should be encouraged by a set of proper incentives ranging from reasonable and
convertible exchange rates to lower trade barriers on imports to a general ease of costly
restrictions on doing business and conducting transactions. In this respect, it also means
that the private sector has to be capable of shouldering the new responsibility. On the
one hand, it should be able to seize opportunities opened up by less regulation and
interference in its economic freedom. And on the other hand, it should be willing to
“pay” for the adjustment costs that
come from less protection and rent seeking.®

Given the small size of the Syrian market, the above should also be complemented with

judicious free trade arrangements e.g. the EU, WTO, and Arab world. Needless to say,

what this requires is a new export culture that emphasizes product quality and

G4 China is mentioned as an economic model for its gradual reforms; and Turkey, as a political model since real

power is in the hands of the military through a National Security Council. See Perthes (2001).

) Among the reasons behind the delay in the reform process under new president Bashar Asad, one may perhaps
mention the following: (a) the influence of the “old guard” in keeping a lid on economic reform so that it
would not jeopardize their prerogatives and allow for the emergence of competing centers of power, (b) the
temporary increase in rent due to higher oil prices and favorable oil and trade agreements with sanction-
plagued Iraq, and (c) the halt in the peace process and the rise of the Intifada (not to mention the events of
September 11, 2001) and their resulting political tension in the region.

The private sector produces close to 55% of manufacturing value added and is mainly involved in textiles,
food, leather, paper, and chemicals, and along with the mixed sector, employs about 75% of the industrial
labor force. Its international trade performance has not been up to par, constituting 70% of imports and 60%
of non-oil exports (and declining), with exports covering close to one third of imports only. Even its response
to Investment Law No. 10 has been timid, generating close to 200 enterprises and employing about 1000
workers only. Part of the reason though, is that the law mistakenly identifies investment to be determined
solely by taxes, not the overall soundness of the economic environment. For more on the private sector
between competition and protection, see Abedelnour (2000).
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sophisticated marketing and is willing to venture and learn from competition in tough
markets. Free trade arrangements are also important as a source of attracting efficiency-
seeking foreign direct investment (FDI) that can use Syria as an export platform
especially to the wider regional market.®” FDI, in turn, if it involves firms whose average
technological capability is above that of domestic firms, can improve the technical base
and standards of the economy through technology and managerial spillovers.®®

Reforming the financial sector by allowing private and foreign banks is a critical first
step. The presence of these banks and the competition they generate, can improve the
quality of banking services and in the process, invite all the floating “outside” money into
the banking system. This should solidify the position of the banking system and allow it
to play its efficiency-enhancing role. It should also give the private sector more and
easier access to credit that can fund properly-assessed investments, instead of relying on
the costly and the disorganized nature of the curb and informal credit markets. And it is
in this light that the new banking law allowing for private and foreign banks was
introduced. But there is no doubt that the viability of the existing system, given its huge
outstanding loans to public enterprises, depends on the fortunes and fate of these
enterprises whose future role in the economy needs to be urgently addressed.

Also, financial reform should of course include the requisite supervision and
regulation of banks and, perhaps at a later stage, an independent Central Bank and the
indirect use of monetary instruments. However, it is wise to keep in mind in this context
that higher interest rates may not have an impact on efficiency a la the Mckinnon-Shaw
hypothesis.

In the end, it is all about increasing per-capita GDP, which is highly correlated with
increases in labor productivity. The latter is determined by increases in TFP and in the
capital-labor ratio, i.e. by making labor utilize more physical capital (quantity) and better
skills and technology (quality). Steady increases in per-capita income produce
permanent increases in savings and also ease the demographic transition, thus reinforcing
the positive impact on savings. Almost all of the evidence points to a causality from
income to savings i.e., savings increase as a result of growth, which in turn results from
determinants other than savings.®” Thus, financial liberalization of higher interest rates,
albeit increases savings, can not be expected to have a permanent impact on growth.

The emphasis, then, should be on policies that enhance growth, not savings. For
instance, if FDI — foreign savings — reduces domestic savings but increases growth, then
it should be encouraged. Policies that enhance growth are the ones that should enhance
labor productivity such as: (a) An educational system that graduates students with skills
not just with diplomas; (b) An industrial policy that does not encourage investments that
are excessively capital-intensive but provides incentives for firms to better appreciate and
ultimately reproduce their capital equipment and technology imports; (c) A legal
superstructure and an institutional infrastructure that ensure proper governance practices;
and above all, (d) An environment of openness that unleashes people’s curiosity and
allows them to innovate new ideas and new ways of doing things.

(37

(38
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This is not to mention Syria’s expatriate financial capital of $50 billion and the human capital and talent
among its expatriate labor of 2 million.

Syria does not receive much FDI. Its stock of FDI inflows-to-GDP is only 8% against a developing countries’
average of 16%. For more on FDI in the Arab countries, see Sadik and Bolbol (2001).

The evidence also shows that although higher savings produce a temporary increase in growth, savings itself
remain higher after growth slows down. This is due to hysteresis effects arising from habit formation or
irreversible changes in the financial system. For an elegant statement of the evidence, see Rodrik (1998).
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Education, Childbearing, and Female Labor Market Participation:
Evidence from Lebanon

Mandana Hajj and Ugo Panizza”

Abstract

The objective of this paper is the investigation of the determinants of labor market
participation for a sample of young Lebanese women. It was observed that female labor
market participation in Lebanon is extremely low. While the paper reproduces the standard
result that education is an important determinant of female labor market participation, it finds
that, once one uses an instrumental variables estimator to control for the endogeneity of
fertility, the correlation between labor market and childbearing completely disappears. After
showing that education alone cannot explain the low labor market participation of Lebanese
women, the paper tests the role of cultural factors and examines whether religion plays a role
in determining labor market participation. Contrary to what is often believed, no significant
relationship was found between religion and female participation.
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Introduction

The objective of this paper is to study the economic and cultural determinants of
female labor market participation in Lebanon. In particular, other than estimating standard
labor market participation equations and focusing on the impact of education and fertility, we
also test whether cultural factors play a role in determining labor market participation of
young Lebanese women. To proxy for cultural factors, we focus on religion because, for a
long time social scientists have been interested in the relationship between religion and socio-
economic outcomes. (The classical work on this topic is Weber [1905]. For more recent
work, see lannaccone [1998] and Glaeser and Sacerdote [2001]). Furthermore, if one thinks
that women’s ability to participate in the labor market is correlated with personal freedom, our
approach also allows us to test whether the data bear the claim, often heard in the popular
media, that some religions are more conducive to protect women’s rights than others. Within
this context, Lebanon, with its 18 officially recognized religious sects and its deep religious
cleavages, is a natural laboratory for studying the relationship between religion and female
labor market participation.”

The paper has two interesting and novel results. Firstly, it shows that once one
controls for the fact that fertility is both a cause and effect of female labor market
participation (i.e., fertility is endogenous with respect to female labor participation), there is
no significant relationship between fertility and labor market participation of young Lebanese
women. Secondly, the paper shows that there is no significant correlation between religious
affiliation and female labor market participation.

The paper relates to the vast literature aimed at testing the determinants of female
labor supply (see Goldin [1990] for a survey of developed countries and Sirageldin et al.,
[1990] for a survey of developing countries). Other relevant literature dealing with fertility
and labor market participation decisions of Lebanese women include Zurayk (1977) and
Saxena and Aoun (1997).”) The latter two studies focus on the causal link that goes from
labor market participation to fertility, while in this paper, we focus on the causal link that goes
from fertility to labor market participation. Al-Qudsi (1998) provides a study of the fertility
to labor supply link for women in four Arab countries (Jordan, Kuwait, Oman, and West Bank
and Gaza). Contrary to what is found in this paper, Al-Qudsi finds a strong causal link
between fertility and labor supply. This paper is also related to Khlat, Deeb, and Courbage
(1997) who study the relationship between social and religious status and fertility in Greater
Beirut and Chamie (1977) who studies the relationship between religion and fertility in
Lebanon.

On the methodological side, this paper borrows from the work of Angrist and Evans
(1998) who are able to establish a causal relationship from fertility to labor market
participation by using parental preferences for mixed gender children as an instrument for
fertility. It should be pointed out, however, that we find that Lebanese households, rather than
having preferences for mixed gender children, tend to exhibit strong preferences for boys.
Therefore, we use this preference for boys as an instrument in trying to determine a causal
relationship from fertility to labor market participation.

() Please note that while we would like to study both labor market participation decision and labor supply (i.e.,
number of hours worked), we are limited to the former because the household survey we used in this research
does not have information on number of hours worked.

@ Another related study by Zurayk (1979) studies the determinants of fertility in rural Lebanon.



Female Labor Market Participation in Lebanon

This section compares female labor market participation in Lebanon with female
labor market participation in a set of low- and middle-income countries. While we would
have liked to compare Lebanon with a set of other Middle Eastern countries, data availability
limits us to only one other Middle Eastern country, i.e. Egypt.”) In particular, Table 1
describes female labor market participation, average years of education, and number of
children for women aged 18-35 years in a sample of 17 Latin American countries plus Egypt
and Lebanon.’ To proxy for a country's level of development, Table 1 also presents
information on GDP per capita (measured for 1997 in PPP-adjusted US dollar).

Table 1. Education, Fertility, and Labor Market Participation of Married
Women Aged 18-35

Country. Average years of Average number Women with jobs GDP per capita
education of children (%) (PPP adjusted, 1997
USD)
Argentina 10.52 2.07 43 12354
Bolivia 6.46 2.81 52 2310
Brazil 6.83 1.95 49 7060
Chile 10.75 1.90 39 8711
Colombia 7.65 2.24 45 6116
Costa Rica 8.00 2.18 34 7090
Ecuador 8.62 2.51 54 3274
El Salvador 6.58 2.46 46 4149
Guatemala 3.78 3.42 40 3542
Honduras 5.72 3.03 43 2472
Mexico 7.94 2.49 39 7841
Nicaragua 5.50 3.08 40 2204
Panama 9.68 2.30 36 5475
Paraguay 7.37 2.82 48 4630
Peru 8.16 2.70 66 4669
Uruguay 10.32 1.83 61 8838
Venezuela 8.55 2.52 44 6213
Egypt 3.31 2.95 12 3143
Lebanon 8.7 2.43 9 4304

Source: Authors’ calculations based on household survey data

Table 1 shows that while female labor market participation is extremely low in
Lebanon (the lowest at 9%), this is not the case for education nor fertility. In fact, once the
level of development is controlled, Lebanon has a rather high level of female education, i.e.
higher than those of countries that have an income per capita twice that of Lebanon (Figure 1,
Panel A). Figure 1, Panel B also illustrates that Lebanon has a level of fertility that is below
what its income would predict.

© We focus on women aged 18-35 who were coded either as household head or spouse of the household head.

@ We chose Latin American countries as bases for comparison for two reasons. Firstly, this region has average
levels of income per capita similar to income per capita in Lebanon. The second reason is data availability. In
particular, the calculations of Table 1 and Figure 1 require household survey data that are not easily available
for a large number of countries but available to us for Latin American countries. It is to be noted that we use
women aged 18-35 because this sample allows us to use the Angrist and Evans (1998) estimator. Looking at
labor market participation for all women, one gets a higher figure (approximately 30%) but this is still an
extremely low figure. In fact, out of 171 countries for which the World Bank has data on female labor market
participation, Lebanon is ranked 159,
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Figure 1: Education, Fertility and Labor Market Participation
Source: Authors’ calculations based on the Lebanese Population and Housing Survey data.

At the same time, neither education nor fertility can explain the extremely low labor
market participation of Lebanese women (Figure 1, Panels C and D). So, what is it that
determines Lebanon's low female participation? Figure 1 suggests a possible explanation.
The only other outlier in the sample is Egypt, a country that, like Lebanon, has levels of
female participation that are much lower than what would be predicted by its level of
education or fertility.”) Given that Egypt is the only other Middle Eastern country in the
sample, it may be that cultural factors could play a role in determining female labor market
participation.

When Lebanon and Egypt are compared with Latin America, the first cultural
difference that comes to mind is religion. In fact, while Latin America is a Catholic continent,
Egypt and Lebanon have large Muslim majorities, i.e. more than 80% and more than 60%,
respectively. A simple comparison of Egypt and Lebanon suggests that religion may not be
the answer because Egypt has a larger Muslim population with higher labor market
participation than Lebanon. This is especially after controlling for the fact that Egypt has
higher fertility and lower education than Lebanon. Having said this however, available cross-
country data do not allow us to investigate this hypothesis in depth. Fortunately, we can
exploit religion differentials in Lebanon to investigate the problem at the household level.

The Data

This paper’s estimations are based on data from the Lebanese Population and
Housing Survey (PHS) conducted by the Ministry of Social Affairs for the period March
1994-September 1996. The PHS is a nationally representative survey that covered 61,580
households and 290,000 individuals (almost 10% of the total population. N.B. The

© However, Egypt has higher female labor market participation, higher fertility and lower education than Lebanon
and therefore it is less of an outlier.



Palestinian camps were excluded from the survey). For reasons that will be evident later, we
focus on young women aged 18 to 35 who are classified as household head or spouse of the
household head and have children younger than 19 years. The procedure used starts by
dropping all individuals who are not classified as household head, spouse of the head, or child
of the head.” Next, we drop all households for which the spouse of the head (or the head in
female-headed households) is younger than 18 or older than 35 and all households that have
children older than 18. Finally, we drop all households that have missing observations in one
of the variables of interest. These filters lead us to a sample of 19,056 observations.
Summary statistics for the variables used in the empirical analysis are reported in Table 2.

Table 2: Summary Statistics

Variable N=19056* % Std. Dev. Min Max Mean
Working 1753 9.2 2891 0 100

Labor Force 1923 10.09  30.12 0 100

Age 43 18 35 28.95
Education 5.4 0 19 8.7
Husband’s Age 6.2 18 68 35.12
Husband’s Education 5.38 0 21 8.96
Married 18675 98 0.15 0 1

Number of Children 1.64 0 10 2.43
At least One Child 16769 88 0.33 0 1

More than One Child 13530 71 0.45 0 1

More than 2 Children 8385 44 0.5 0 1

Urban 15245 80 0.4 0 1

Domestic Help 2287 12 0.32 0 1

Muslim 9988 69 0.44 0 1

* Except for Muslim where the sample size is 14476. Women working or in the labor force are
coded as 100, women not working or outside the labor force are coded as 0. In all other cases, a 0-
1 coding was used. Authors’ calculations based on PHS data.

We define as WORKING all women who are employed and work outside the house.
Participation in the labor market (LABFORCE) includes all women who either are employed
or indicated to the interviewer that they were looking for a job in the weeks before the
interview. We assign a value of 0 to women who are not employed (or outside the labor
force) and a value of 1 to women who are employed (or participate in the labor force).”
Besides showing the limited labor market participation of young Lebanese women, Table 2
also reports a substantial age differential (more than 6 years) between husbands and wives,
and shows that women are not less educated than their husbands. Furthermore, 98% of
women in the sample are married and have, on the average, 2.4 children. More than 88% of
women in the sample have at least 1 child, 71% more than 1 child and 44% more than 2
children. Eighty percent of households live in urban areas and more than 12% of households
have some sort of live-in domestic help (defined as having a live-in maid or having the
children’s grandmother living in the house). Finally, we use El-Khoury’s and Panizza’s
(2001) classification of religious groups in Lebanon to identify the religion of the household
head.® As El-Khoury and Panizza are not able to classify all Lebanese households (for

©® While it is standard practice to classify the oldest individual in the family as household head, in some
households, it was found out that the oldest individual, rather than being the actual head of the family, is the
parent of the de facto head. This problem was dealt with by classifying all individuals older than 65 living
with a married child as parent of the head; and the married child as the head of the family.

@ The coding 0-100 has been chosen so that the regression results may be easily interpreted in terms of percentage
points.

® In particular, we use their RELIGION1 definition. It should be pointed out that El-Khoury and
Panizza’s classification does not provide a perfect matching between households and religion and
should be interpreted as predominant religion in the area of origin of the household head.



instance they could not classify the city of Beirut), the religion variable only covers 14,476
households and with a 69% share of Muslims and 31% Christians. It is likely to under-report
Christian households). This matches with the data for the 1996 National Parliamentary
elections in which 38% of electors were Christian and 62% Muslim.”’

Basic Regression Results

This section tests a model of labor market participation for young Lebanese women.
The empirical specification comes from a standard labor participation model; in particular, we
adopt the following specification:

PART = ,+ JED+ NCHIE ,AGE+ ,MARRIE
+ URBAN+ [ED H+ ,AGE Hruy

PART is a dummy that takes value 1 if individual i participates in the labor market. We
measure participation in the labor market in two different ways. Firstly, we use a variable that
captures whether the individual has been working in the weeks before the interviews
(Working). Secondly, we use a variable to capture all individuals that are in the labor force
(i.e., either working or actively looking for a job) in the weeks prior to the interview
(Labforce). This variable takes value 1 if the individual has been working or looking for a job
in the weeks before the interview. ED is a variable that measures the individual’s level of
education (years of education). It is introduced to capture the idea that individuals with a
higher level of education are more likely to command a wage that is higher than their
reservation wage and hence more likely to enter the labor force (Heckman, 1979;
Killingsworth and Heckman, 1986). Therefore, we expect a positive correlation between ED
and PART. NCHILD is a variable that captures the household’s number of children. T his
variable also comes from a standard labor supply model in which children increase mothers’
reservation wage and negatively affect labor supply (Gronau, 1973). AGE measures
individual’s age and it is a standard variable introduced to capture labor market partcipation
over the lifecycle. As we are focusing on young women, we do not expect any significant
effect of the age variable. MARRIED is a dummy that takes value 1 if the woman is married.
As married women are likely to have other sources of support other than their own wage (i.e.,
their husband’s wage), we expect a negative relationship between MARRIED and labor
market participation. URBAN is a dummy that takes value 1 if the household resides in an
urban area, and it is included to capture the idea that women residing in rural areas may have
less work opportunity. So, a positive coefficient is expected. Finally, in a sample that only
includes married women, we include a variable measuring husband’s education (ED H) and
age (AGE H). The effect of husband’s education is ambiguous because we have three
possible effects: (a) an income effect; (b) a matching effect; and (c) a cultural effect. The
income effect is associated with the fact that women with more educated husbands will tend
to have higher household income and hence higher reservation wage and lower labor market
participation. The matching effect is related to the fact that more educated husbands may tend
to marry more skilled women and that by commanding a higher wage, are more likely to
participate in the labor market. The cultural effect is associated with the fact that more
educated husbands may be more willing to accept the idea that their wives work outside the
house.

Before moving on to estimate Equation 1, it is important to decide what kind of
statistical model may be used in the estimations. On the one hand, since the dependent
variable can only take two values, it is standard practice to use either a Probit or Logit
regression. On the other hand, many recent papers (e.g. Angrist and Evans, 1998) have been

© Kamal (1999) “The 1996 Lebanese Parliamentary Elections, Indicators and Results” (in Arabic), Mokhtarat,
Beirut, Lebanon, January 1999.



estimating equations similar to Equation 1 using a simple linear probability model (i.e., an
OLS model with a dichotomous dependent variable).

There are at least two advantages in using a linear probability model. Firstly, the set
up is more general because it does not impose any restriction on the structure of the errors.
Secondly, it allows straightforward instrumental variables estimates that are sometimes
problematic with Probit (and Logit) models. We start by estimating both a Probit and a linear
probability model and, after showing that the two models yield similar results, we focus on a
linear probability model.

Table 3. Basic Regression Results

( (2) 3) (4) (5) (6) (7 (8)
OLS PROBIT OLS PROBIT OLS OLS OLS OLS
All Women Married Women
Working ~ Working Labforce Labforce Working Labforce Working Labforce
NCHIL -2.392 -2.500 -2.591 -2.700 -2.451 -2.651 -2.408 -2.606
(13.%6)** (479*;19)* (14.15)** (492.39)* (14.&3)** (14.%2)** (14.%3)** (14.%9)**
EDUC 0.909 0.700 0.932 0.800 -0.180 -0.193 -0.527 -0.494
(20.13)** (69%} 5)* (20.13)** (681.90)* (1.45) (1.50) (3.90)***  (3.51)%**
EDUC? 0.060 0.062 0.066 0.065
(8.35)***  (8.38)***  (8.77)*¥*¥*  (8.34)%**
AGE 0.854 0.700 0.940 0.800 0.767 0.851 0.799 0.894
(16.(>)k6)** (531.39)* (16.28)** (561.92)* (14.10)** (15.14)** (12.13)** (13%9)**
MARRIED -37.950 -25.600 -42.042 -30.300 -37.470 -41.546
(15.1)**  (476.49)*  (16.97)**  (51891)*  (14.93)**  (16.81)**
* k% * *k * *
URBAN -0.362 0.003 0.021 0.007 -0.058 0.334 -0.343 -0.001
(0.80) (18.19)** (0.05) (42.10)** (0.13) (0.72) (0.77) (0.00)
EDUC HUS 0.394 0.357
(2.84)***  (2.46)**
ED HUS® -0.002 0.001
(0.26) (0.07)
AGE HUS —((())029? —((())(%32;
.5 .
Constant 19.873 22.245 25.033 27.571 -13.126 -14.588
(6.73)%** (7.51)%*x* (8.45) %% (9.30)***  (8.69)***  (9.38)***
Observations 18942 18942 18942 18942 18942 18942 18526 18526
R-squared 0.12 0.12 0.12 0.13 0.08 0.08

Robust t-statistics in parentheses
*Significant at 10%

** Significant at 5%

*#* Significant at 1%

Columns 1 and 2 of Table 3 present estimates for the working dependent variable
using OLS and Probit respectively."'” The results are similar and indicate that 1 extra year of
education is associated with approximately a percentage point increase in female labor market
participation and that each extra child is associated with approximately a 2.5 percentage point
decrease in female labor participation. We find a positive correlation between AGE and labor
market participation and that single women are significantly more likely to participate in the
labor market than their married counterparts. Finally, we find no significant impact
associated with living in an urban area (the effect is statistically significant but very small in
the Probit regressions). Columns 3 and 4 show that substituting the Working index of labor
market participation with the Labforce index does not affect the results. Given that the OLS
and Probit results are almost identical, from this point on, we will keep using a linear
probability model.

(9 All the standard errors reported in parentheses are heteroscedasticity-adjusted with White’s weights.




Next, we introduce the square of years of education (ED* and ED_H?) to test for
possible non-linearities in the relationship between education and labor market participation
(Columns 5 and 6)."" A convex relationship between education and female labor market
participation is observed. In particular, we find that at first, labor market participation
decreases with education and is minimized at 1.5 years of education. From this point on,
participation starts increasing with education and we find that for women with 8.7 years of
education (the mean value in the sample), each extra year of education is associated with a 3
percentage point increase in the probability of participating in the labor market.

As most theoretical models of household production focus on married couples,
Columns 7 and 8 report estimates of female labor market participation for a sample of married
women. This reduces the sample by approximately 400 observations to 18,526 observations
where we also control for husband’s characteristics."? The sample of married women
produces results similar to the sample that includes all women. However, a much smaller
impact of education is observed. In particular, we find labor market participation is
minimized at 4 years of education and that for women with an average level of education,
each extra year of schooling is associated with a half percentage point increase in labor
market participation. By augmenting the regressions with husband’s characteristics, we find
no significant impact of husband’s age on female labor market participation, but find a
positive and significant impact of husband’s education on female labor market participation.
This last result seems to suggest that the matching and cultural effects dominate the income
effect.

Finally, we run a simulation to test the effect of increasing female access to tertiary
education on labor market participation. The simulation of Figure 2 shows that even if 100%
of Lebanese women were to obtain a university degree (from a current level of approximately
11%), female labor market participation of Lebanese women would still remain well below
20%. While these are only partial equilibrium results, they suggest that education is not the
only answer to increasing female labor market participation in Lebanon.

Instrumental Variables (IV) Estimates

Estimation of Equation 1 with OLS is problematic because education and fertility
could be endogenous with respect to labor market participation. Hence the point estimates of
Table 3 may exaggerate their effect over labor market participation. Reverse causality from
labor market participation to education is not a serious problem because Lebanon is a
traditional society and Lebanese teenagers and college students cannot finance their education
by accessing the credit market. Therefore, education is still very much a parental choice that
can be considered exogenous with respect to labor market participation (unless parents make
the explicit choice of only supporting education of their brightest kids). Endogeneity of
fertility is a much more important issue because labor market participation and fertility are
likely to be jointly determined (Schultz, 1981). In particular, while labor economists often
treat fertility as an explanatory variable in labor market participation regression and
consequently assume that causality goes from fertility to labor market participation,
demographers often use labor force attachment to explain fertility. Angrist and Evans (1998)
point out that simple labor market participation and fertility regressions are unlikely to
provide a causal interpretation of the links between fertility and labor market participation. If
one wants to explore the link that extends from fertility to labor market participation (i.e., the
objective of this paper), it is necessary to identify an instrument for fertility, that is a variable
that affects fertility but has no direct effect on labor market participation.

() We also tested for higher order polynomials but found that they were not statistically significant.
U2 There is strong evidence for the fact that Arab women cease to work at marriage and never return to work
(Zurayk and Saadeh, 1995).



Angrist and Evans (1998) address the issue of reverse causality from labor market
participation to fertility using IV estimates that exploit parental preferences for a mixed
sibling-sex composition. Their argument goes as follows: (a) In order to estimate the causal
effect from fertility to labor market participation, it is necessary to find a variable that affects
fertility but does not directly affect labor market participation and that it is not affected by
labor market participation. (b) It has been found that parents tend to have preference for a
given gender composition of their children. (¢) The gender composition of young children
does not affect labor market participation. Older children’s gender composition could affect
labor market participation because girls tend to help at home more than boys do.
Furthermore, the gender of the children is completely random and therefore is not affected by
labor market participation. (d) Therefore, gender composition may be used as an instrument
for fertility and assist in establishing a casual relationship between fertility and labor market
participation.

In particular, Angrist and Evans (1998) observe that parents who have children of the
same sex are more likely to have another child. Therefore, they generate a dummy variable
that takes value 1 if the first 2 children have the same gender and use it as an instrument for
further childbearing for women with at least 2 children.

In this paper, we apply the IV methodology described above. It has been found that
in the case of Lebanon, the sibling-sex instrument is a particularly strong predictor of fertility.
While Angrist and Evans are only able to apply their instrument to families with 2 or more
children, the strong preference of Lebanese households for male children and the higher
fertility of Lebanese households allow us to apply the instruments to households with 1 or
more children, 2 or more children and 3 or more children.

At this point, it should be clear why we focus on young women aged 18-35 with
children younger than 19. Very few women younger than 18 have 2 children, and children
older than 18 are more likely to have moved out of the household and therefore considering
families with older children may generate a biased sample. However, if we are willing to
drop women with children older than 18, we also need to drop women who are likely to have
children older than 18. For this reason women older than 35 have been excluded.

Gender Preferences of Lebanese Households

This section examines gender preferences of Lebanese households that have at least 1
child. A first indication of preference for boys comes from the first part of Table 4. In
particular, Column 3 shows that 80% of households with at least 1 child whose first child is a
boy, had another child and 82% of households with at least 1 child whose first child is a girl
had another child. This difference indicates a preference for boys (2%) and is highly
significant. The difference was not significant for the sample of US households studied by
Angrist and Evans (1998) who, therefore, could not perform IV estimates with households
with less than 2 children. The preference for boys, however, becomes much stronger in
households with 2 or more children and households with 3 or more children. In the former
group, 61% of households with 2 boys have another child and 69% of households with 2 girls
have another child. The difference (8%) is higher than the difference between households
with same sex children and mixed gender children (4%), indicating that in the case of
Lebanon, preferences for boys are much stronger than preferences for mixed gender. In the
group of households with at least 3 children, 49% of households who have 3 boys have
another child but 63% of households who have 3 girls have another child, a 14% difference.
Also in this case, preferences for boys are stronger than preferences for mixed gender (14%
versus 6%). It should also be pointed out that the relatively high fertility of Lebanese women
allows us to work with a relatively large sample of 8,500 households and to study, as a
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separate group, the labor market participation decision of women in households with at least 3
children.

Table 4 also allows us to study whether cultural factors (proxied by religion) are
associated with preferences for male children. The first part of the table seems to indicate that
Muslim households (especially Sunni) tend to value boys more than their Christian
counterpart. The difference between the increase in fertility of households with 1 boy and
households with 1 girl is 0.5% (and not significant) for Christian households and 2.7% (and
significant) for Muslim households (2.9% for Sunni). However, the picture changes for
households with 2 or more children. In this case, preferences for boys of Christian
households are twice as stronger as preferences for boys of Muslim households (11 versus 7%
in households with at least 2 children and 24 versus 12% in households with at least 3
children). These are important differences and suggest that religion should be included in the
estimation of labor market participation.

Fertility and Labor Market Participation of Young Lebanese Women

We are now ready to use children gender preferences as an instrument for fertility in
the determination of female labor market participation. In particular, we estimate the effect
on labor market participation related to having at least 1 extra child in households with at least
1 child, households with at least 2 children, and households with at least 3 children.

Adopting the same IV strategy of Angrist and Evans (1998), we use the two stages
least squares to estimate the following:

CHILD a, +a!W,+aS ,+a5S,,+bABOYS+b,AGIRLS ,
PART= ,+ ,W,+ ,S,+ ,S,,+ ,CHILPu

Equation 2 is the first stage regression determining whether the household decides to have an
extra child. Equation 3 is the second stage regression determining the impact of 1 extra child
and other exogenous factors on female labor market participation.

CHILD is a variable that takes value 1 when a household has at least 1 child more
than the minimum number of children considered in each group (the groups are households
with at least 1 child, at least 2 children, and at least 3 children). W is a matrix of controls that

includes ED, AGE, ED_H, AGE_H, and URBAN. S, is a variable that takes value 1 when the
first child is a girl. S, is a variable that takes value 1 when the second child is a girl. Finally,

ABOYS is a variable that takes value 1 when the first 2 (or 3) children are boys and AGIRLS
is a variable that takes value 1 when the first 2 (or 3) children are girls.

When we estimate the system for households with at least 1 child, CHILD should be
interpreted as having 2 children or more (in this case a; =b, = b, =, =0; =0). When
we estimate the system for households with at least 2 children, CHILD should be interpreted
as having 3 children or more (in this case a; =¢; =0). When we estimate the system for

households with at least 3 children, CHILD should be interpreted as having 4 children or
more.
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Table 4. Gender Preferences and Fertility

All Christian Muslim Maronite Shiaa Sunni
Sex of first child . Fraction . Fraction . Fraction . Fraction . Fraction . Fraction
in families with Fraction with Fraction with Fraction with Fraction with Fraction with Fraction with
1 child or more of sample another ofsample another ofsample another ofsample another ofsample another ofsample another
child child child child child child
1 boy 0.517 0.8 0.512 0.770 0.517 0.818 0.524 0.755 0.512 0.826 0.518 0.822
[0.004] [0.010] [0.006] [0.015] [0.008] [0.008]
1 girl 0.483 0.82 0.488 0.775 0.483 0.845 0.476 0.77 0.488 0.845 0.482 0.851
[0.004] [0.010] [0.005] [0.015] [0.008] [0.007]
Difference -0.02%* -0.005 -0.027* -0.015 -0.019 -0.029*
[0.006] [0.014] [0.008] [0.021] [0.011] [0.011]
Sex offirstZ | . Fraction . Fraction . Fraction . Fraction . Fraction . Fraction
children in families Fraction with Fraction with Fraction with Fraction with Fraction with Fraction with
with 2 children of sample another ofsample another ofsample another ofsample another ofsample another ofsample another
or more child child child child child child
Mixed 0.5021 0.608 0.494 0.508 0.503 0.67 0.499 0.514 0.509 0.672 0.498 0.689
[0.006] [0.014] [0.007] [0.02] [0.011] [0.010]
Same sex 0.4979 0.646 0.506 0.567 0.497 0.70 0.501 0.583 0.491 0.71 0.502 0.72
[0.006] [0.014] [0.007] [0.02] [0.011] [0.010]
Difference -0.038%* -0.059* -0.034* -0.069* -0.039* -0.03*
[0.008] [0.020] [0.010] [0.028] [0.016] [0.015]
2 girls 0.2369 0.69 0.239 0.626 0.240 0.741 0.23 0.643 0.242 0.75 0.24 0.752
[0.008] [0.020] [0.011] [0.028] [0.015] [0.014]
2 boys 0.261 0.607 0.267 0.514 0.256 0.668 0.27 0.53 0.248 0.672 0.262 0.688
[0.008] [0.019] [0.010] [0.027] [0.016] [0.015]
Difference -0.084* -0.112%* -0.074* -0.11* -0.078* -0.06*
[0.01] [0.027] [0.015] [0.039] [0.022] [0.02]
Sex of first 3 ] Fraction ] Fraction ] Fraction ] Fraction ] Fraction ] Fraction
children in families with ({3000 Wi SRR Mofer  ofSsmple angiher ofeample another of sample angiher ofsample  angfher
3 children or more child child child child child child
Mixed 0.248 0.494 0.737 0.366 0.756 0.558 0.75 0.35 0.749 0.544 0.764 0.584
[0.006] [0.015] [0.008] [0.02] [0.011] [0.011]
Same Sex 0.752 0.558 0.263 0.429 0.244 0.624 0.25 0.37 0.251 0.617 0.236 0.647
[0.011] [0.026] [0.014] [0.04] [0.019] [0.019]
Difference -0.064* -0.063* -0.066* -0.017* -0.07* -0.063*
[0.013] [0.029] [0.016] [0.042] [0.023] [0.022]
3 girls 0.12 0.631 0.136 0.546 0.117 0.688 0.127 0.455 0.124 0.693 0.11 0.698
[0.015] [0.036] [0.019] [0.048] [0.027] [0.0265]
3 boys 0.129 0.491 0.128 0.306 0.127 0.566 0.124 0.028 0.127 0.542 0.127 0.602
[0.015] [0.034] [0.019] [0.05] [0.029] [0.0263]
Difference -0.139* -0.24%* -0.122%* -0.175%* -0.151%* -0.095%*
[0.022] [0.005] [0.027] [0.07] [0.039] [0.038]

Standard errors 1n brackets.

*Significant at 5% confidence level
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Table 5 presents results for first stage estimates. It supports the findings of Table 4
and shows that the instruments are rather powerful and always significantly associated with
fertility. Even controlling for other factors, we find that in households with at least 1 child,
having a girl is associated with a 2% percentage point increase in the probability of additional
childbearing. Having 2 girls is associated with a 9% percentage point increase and having 3
girls is associated with an 11 percentage point increase in the probability of additional
childbearing.

Table 5. First Stage Regressions

- Viore than 2 Viore thar 3
. ore than ore than
More than 1 child children children
Sex Child 1 0.017 -0.010 0.028
_ (2.80)*** (0.90) (2.17)**
Sex Child 2 0.032
_ (2.47)**
2 Girls 0.087
(7.69)***
2 Boys -((())(())g())
3 Girls ' 0.108
(5.67)***
3 Boys 0.027
(1.40)
EDUC -0.004 -0.024 -0.036
R (1.91)* (8.74)*** (9.96)***
EDUC -0.000 0.000 0.001
Gige G o
(27.81 )% (23.89)%** (15.19)%**
URBAN -0.036 -0.084 -0.105
(5.35)*** (9.42)*** (8.84)***
EDUC_HUS -0.008 -0.006 0.001
) (3.69)*** (2.22)** (0.20)
EDUC_HUS 0.000 0.000 -0.000
AGE_HUS (20'2020); " f(()00%39) (ol 03096)
- (10.61)%** (10.66)*** (5.03)%**
Constant -0.154 -0.370 -0.365
(5.73)*** (10.43)%** (6.61)***
Observations 16678 13540 8504
R-squared 0.16 0.17 0.14

Robust t-statistics in parentheses
*Significant at 10%

** Significant at 5%

*** Significant at 1%

Second stage results are presented in Table 6. All regressions yield a consistent
message, i.e. the effect of fertility on labor market participation disappears when we control
for the endogeneity of fertility. In OLS regressions, we obtain a negative and significant
effect of additional childbearing. The effect ranges between 2 (in the sample of households
with at least 3 children) and 7 percentage points (in the sample of households with at least 1
child). Once converted into per-child unit, these estimates correspond to a 3 percentage point
decrease in labor market participation for each extra child, not too different from estimates of

Table 3 that yield a 2.5 percentage point decrease in labor market participation for each extra
child."”

(13 Please note that the coefficient of Tables 5-7 should be interpreted as the effect of having more than x children.

This does not correspond exactly to the effect of having 1 extra child but to the effect of having at least 1 extra
child (it could be more than 1). 'For example, in the case of households with 1 child, the coefficient tells us the
effect of having at least 1 extra child (so having at least 2 children). However, households could have more
than 1 extra child, so_in order to convert the coefficient into a per-child unit, we need to divide it by the
average number of children of households with at least 1 child. To convert the estimates of Tables 5-7 into

er-child units, we divide them by 1.76 (the average number of children in households with at least 1 child is

.76), 1.18 (the ayerage number of children in households with at least two children is 3.18), and 0.85 (the
average number of children in households with at least 3 children is 3.85).



Table 6. IV Regressions

© ®) 3) @) ) ©) ) @®) ©) (10) (1 (12)
OLS OLS v v OLS OLS v v OLS OLS v v
Households with at least 1 child Households with at least 2 children Households with at least 3 children
Working  Labforce Working Labforce Working Labforce Working Labforce Working Labforce Working Labforce
Extra -6.491 -6.898 4.380 6.279 -4.484 -5.182 3.713 1.168 -1.869 -2.102 -0.871 2.306
Child
(9.80)***  (10.05)** (0.18) (0.25) (8.73)***  (9.64)*** (0.52) (0.16) (4.02)%** (4.32)%** (0.13) (0.31)
*
EDUC -0.351 -0.296 -0.307 -0.241 -0.471 -0.460 -0.271 -0.305 -0.629 -0.595 -0.593 -0.437
(2.64)*¥*%  (2.13)** (1.84)* (1.38) (3.48)***  (3.24)%** (1.26) (1.35) (4.26)*** (3.85)*** (2.08)** (1.43)
EDUC? 0.061 0.059 0.063 0.062 0.061 0.061 0.059 0.059 0.060 0.058 0.060 0.055
(8.04)***  (7.57)*¥**  (6.72)*%*F*  (6.36)*F*  (7.82)¥**  (7.53)¥*¥*  (7.37)FE*  (7.16)*** (6.95)*** (6.46)*** (6.21)%** (5.47)%**
AGE 0.671 0.739 0.358 0.361 0.698 0.771 0.441 0.572 0.401 0.473 0.372 0.344
(10.74)**  (11.34)** (0.51) (0.49) (9.93)***  (10.50)** (1.90)* (2.38)** (5.51)*** (6.11)%** (1.77)* (1.53)
* * *
URBAN -0.043 0.319 0.350 0.796 -0.278 -0.046 0.417 0.493 0.287 0.263 0.391 0.724
(0.10) (0.70) (0.36) (0.78) (0.61) (0.10) (0.55) (0.62) (0.61) (0.53) (0.45) 0.77)
ED HUS 0.409 0.392 0.499 0.500 0.263 0.265 0.318 0.307 0.064 0.079 0.063 0.075
2.97)*¥*%  (2.72)***  (2.08)** (1.98)** (1.89)* (1.83)* (2.15)** (2.01)** (0.42) (0.50) (0.42) (0.48)
ED HUS’ -0.004 -0.003 -0.007 -0.006 -0.001 -0.001 -0.001 -0.001 0.006 0.007 0.006 0.008
(0.64) (0.40) (0.77) (0.63) (0.17) (0.12) (0.18) (0.13) (0.77) (0.81) (0.79) (0.93)
AGE_HUS 0.009 -0.003 -0.067 -0.095 0.059 0.057 -0.018 -0.002 0.178 0.176 0.172 0.152
(0.19) (0.05) (0.39) (0.53) (1.19) (1.11) (0.20) (0.03) (3.07)*** (2.97)%*x* (2.30)** (1.95)*
Sex child 1 0.438 0.544 0.177 0.341 0.470 0.667 0.424 0.464
(1.03) (1.22) (0.36) (0.66) (1.01) (1.37) (0.75) (0.78)
Sex child 2 0.439 0.616 0.389 0.396
(0.93) (1.25) (0.70) (0.67)
Constant -13.526 -14.655 -11.930 -12.720 -18.011 -19.358 -14.961 -16.995 -15.918 -18.022 -15.528 -16.299
(8.85)***  (9.26)***  (3.10)***  (3.18)***  (9.85)***  (10.17)**  (4.40)***  (4.83)*** (6.98)*** (7.55)%** (4.28)*** (4.26)%**
%
Observatio 16678 16678 16678 16678 13540 13540 13540 13540 8504 8504 8504 8504
ns
R-squared 0.07 0.07 0.05 0.04 0.07 0.07 0.05 0.06 0.05 0.05 0.05 0.04

Robust t-statistics in parentheses
*Significant at 10%
**Significant at 5%
*#*Significant at 1%
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The results, however, change strikingly when we allow fertility to be endogenously determined. In
fact, the IV estimates of Table 6 show no significant correlation between fertility and labor market
participation. With respect to OLS, IV estimates yield somewhat stronger effects of education especially for
the sample of households with at least 2 children. In households with at least 2 children, we find that for
women with average education, each extra year of schooling is associated with a 2.1 percentage point
increase in labor market participation (2 percentage points in households with at least 1 child and half a
percentage point in households with at least 3 children).

The results for fertility are puzzling. In fact, while we expected that controlling for the endogeneity
of fertility would attenuate the impact of this variable on labor market participation, we did not expect it to
become insignificant. One possible explanation for this result could be that the gender-preference
instrument is weak or not well chosen (Browning, 1992). However, we do not think that this is the case, in
particular, since the first stage estimates of Table 5 suggest that our instruments are rather powerful.
Furthermore, by using similar instruments, Angrist and Evans (1998) still find a significant impact of
fertility on female labor market participation. The difference between the estimates for the US obtained by
Angrist and Evans and estimates for Lebanon described in this paper, probably lie in the availability of
cheap domestic help that, other things being equal, considerably lower reservation wage. A Lebanese
household may hire a live-in maid for as little as US$120 a month, a cost that is affordable to most middle-
class families. Therefore, unlike those existing in the US, child care costs do not impose a limit to female
labor market participation in Lebanon."?

Religion and Female Labor Market Participation

The previous discussion shows that standard factors such as education and fertility could not fully
explain the low labor market participation of Lebanese women. This section recognizes that a woman’s
decision to stay out of the labor market may not be completely due to her own choice. In fact, women may
be prevented from participating in the labor market for lack of work opportunity (i.e., employers are not
willing to hire women) or because they are prevented from participating by their husbands or parents.
Women'’s limited ability to participate in the labor market is often considered a violation of gender parity.
Also, as popular media (especially western media) often present certain religions as more conductive to
women’s rights than other religions, it is interesting to test whether there are significant differences in
female labor market participation across Lebanese religious groups. As previously pointed out, given
Lebanon’s deep religious fragmentation, it is an ideal testing ground for the relationship between religion
and socio-economic outcomes.

Table 7 presents IV estimates of Equations 2 and 3 augmented with a dummy that takes value 1 if
the household head is Muslim and takes value O if the household head is Christian. A positive and
significant coefficient would indicate that Muslim women are more likely to participate in the labor market
than their Christian counterparts and a negative coefficient would mean the opposite. Table 8 shows that the
coefficient oscillates between being positive and negative but it is never statistically significant indicating
that, other things being equal, there is no significant difference between labor market participation of
Muslim and Christian women.

U9 Table 2 shows that 12% of households have some sort of live-in domestic help (either a live-in maid or a live-in grandmother). It
is also possible to show that there is a significant correlation between female labor market participation and the availability of
domestic help (of course this is just a correlation because domestic help availability is likely to be endogenous).
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Table 7. Female Labor Market Participation and Religion (IV estimates)

()

2)

3)

4)

(€]

(6)

Extra Child
Sex child 1
Sex child 2
EDUC

EDUC?

AGE
URBAN
ED HUS
ED HUS®

AGE_HUS

MUSLIM

Constant

Observations
R-squared

Households with at
least 1 child

Working
17.806
(0.65)

-0.259
(1.28)
0.068
(6.02)%**

-0.076
(0.09)
0.477
(0.44)
0.604
(2.38)%*
-0.010
(0.99)
0.116
(0.56)

-10.082
(2.11)%*

12720
0.07

Working
21.700
(0.83)

-0.299
(1.69)*
0.071
(5.90)%**

-0.206
(0.26)
0.548
(0.55)
0.621
(2.58) %
-0.010
(1.06)
-0.147
(0.73)

-2.060
(1.15)

-6.903
(1.05)

12720
0.08

Households with at
least 2 children

Working
3.507
0.41)
0.393
(0.68)

-0.235
(0.97)
0.057
(6.39)%**

0.410
(1.43)
0.064
(0.08)
0.282
(1.76)*
0.000
(0.00)
0.044
(0.41)

-16.014
(3.71)%**

10390
0.05

Working
2.738
(0.31)
0.416
(0.72)

-0.281
(1.29)
0.058
(6.57)%**

0.424
(1.38)
-0.016
(0.02)
0.272
(1.72)*
0.000
(0.03)
0.050
(0.46)

-1.039
(0.72)

-14.949
(2.50)%*

10390
0.05

Households with at
least 3 children

Working
-2.854
(0.36)
0.595
(0.91)
0.286
(0.44)
-0.666
(2.03)**
0.063
(5.75)%**

0.409
(1.65)*
0.309
(0.37)
-0.007
(0.04)
0.008
(0.94)
0.235
(2.73 )%

-17.061
(3.94) x5

6753
0.05

Working
-2.324
(0.32)
0.575
(0.90)
0.256
(0.41)
-0.634
(2.20)**
0.063
(5.91)**
*

0.398
(1.63)
0.357
(0.45)
-0.007
(0.05)
0.008
(0.95)
0.233
(2.70)**
*

0.499
(0.35)

-17.502
(3.07)%*
%

6753
0.05

Robust t-statistics in parentheses
*Significant at 10%
**Significant at 5%

***Significant at 1%
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Table 8. Female Labor Market Participation and Religion (IV estimates)

Working Working Working
Households with at  Households with at  Households with at
least least least
1 child 2 children 3 children
Extra Child 26.416 1.598 3.787
(0.87) (0.16) (0.46)
MARONITE -3.376 -12.923 -12.742
(0.41) (1.87)* (1.91)*
SUNNI -5.541 -13.751 -14.008
(0.96) (2.46)** (2.69)***
SHIAA -7.689 -15.370 -15.029
(1.38) (2.86)*** (2.97)***
Sex child 1 0.423 0.220
(0.69) (0.33)
Sex child 2 0.174
(0.27)
EDUC -0.432 -0.371 -0.456
(2.38)** (1.69)* (1.57)
EDUC? 0.081 0.062 0.060
(5.61)*** (6.52)*** (5.51)***
AGE -0.392 0.367 0.201
(0.45) (1.06) (0.73)
URBAN 0.907 -0.183 0.934
(0.87) (0.23) (0.98)
ED_HUS 0.622 0.252 0.007
(2.54)** (1.55) (0.04)
ED HUS® -0.010 0.001 0.009
(1.00) (0.10) (1.01)
AGE_HUS -0.180 0.092 0.198
(0.73) (0.77) (2.02)**
Observations 10511 8675 5870
R-squared 0.06 0.05 0.03

Robust t-statistics in parentheses
*Significant at 10%;
**Significant at 5%

Next, we move to a finer definition of religion and consider labor market participation of women
belonging to the three main religious groups present in Lebanon: Christian Maronite, Muslim Sunni, and
Muslim Shiaa. Again, the estimates of Table 8 show that there are no significant differences in female
participation across the three main groups.

Based on these results, it may be concluded that contrary to what is often claimed, there are no
significant differences in female labor market participation for the main religious groups present in Lebanon.
Obviously however, this does not guarantee that there is no relationship between religion and female
discrimination, but if such a relationship exists, our results suggest that, in the case of Lebanon, it does not
go through female labor market participation.
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Conclusion

The purpose of this paper was to test the determinants of female labor market participation in
Lebanon and check whether cultural factors (proxied by religion) play a role in determining female labor
market participation.

The paper started by comparing labor market participation of young Lebanese women with labor
market participation of young women in countries with a similar level of economic development and
showing that female labor market participation in Lebanon is indeed extremely low at 9%, the lowest among
18 countries compared.

In the light of this limited participation, it is particularly important to discover what the determinants
of participation are and whether there are policy interventions that could increase female participation. In
particular, understanding the causal link between education, fertility, and female labor market participation
is important in order to assess whether programs aimed at reducing fertility, will be successful in increasing
access to the labor market.

Using OLS, the standard positive correlation between education and labor market participation and
negative correlation between fertility and labor market participation hold for Lebanon. Results reveal that a
one-standard deviation increase in education is associated with a 4 percentage point increase in labor market
participation. This is a substantial effect equal to a 40% increase in female labor market participation. It
also shows a strong effect of fertility, with each extra child associated with a 2.3 percentage point decrease
in labor market participation. However, once we control for the endogeneity of fertility, the correlation
between fertility and labor market participation completely disappears. This is a rather puzzling result and
the paper postulates that the lack of a significant correlation between fertility and labor market participation
may be due to the availability of inexpensive domestic help. Finally, as to the relationship between religion
and female labor market participation, and it has not been possible to identify any significant difference in
female labor market participation across religious groups. This observation illustrates that at least in the
case of Lebanon, when it comes to labor market participation, discrimination against women does not vary
across religious groups. Other things being equal, women from different religious groups are equally likely
to offer their services in the labor market and are equally likely to find a job. While this finding seems at
variance with the cross-country evidence, it may be explained by the fact that regional values (for instance
Western versus Oriental values) may transcend religious values and therefore religion is not the best proxy
for cultural attitude toward female employment."”

In conclusion, this paper shows that neither fertility and education nor religion can explain the low
labor market participation of Lebanese women. An explanation of this puzzle could then be related to the
Lebanese labor law and existing policies that openly discriminate against female employment and
undermine women’s status. In particular, Hajj (2001) shows that Lebanese labor laws do not treat working
men and women equally. In the Labor Law originally set in 1946, women are included within the group of
children and adolescents and are prohibited from working in certain jobs and industries or working at night
and, in most cases, working women cannot pass on their pension to their children and husband. The law
indirectly places emphasis on marriage and on the woman’s primary responsibility as a wife, by stipulating
that a woman is guaranteed end-of-service indemnity only if she leaves her job within 12 months after
marriage.

Therefore, the main policy implication of this paper is the necessity to reform the Lebanese legal
code including personal status codes, employment regulations, criminal law, property law, social security
law, and labor law. Laws that provide incentives such as the provision of breastfeeding and childcare

9 The authors would like to thank Dr Belkacem Laabas for suggesting this important point.
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facilities at the workplace may also positively impact on female labor market participation. It may be
pointed out that there have been some successful efforts to change existing laws. Certain laws have been
repealed such as that which prohibited women from acting as witnesses in real estate matters (repealed in
1993) and that which prohibited married women from engaging in any business without the permission of
their husbands (repealed in 1994). However, as the results of this research demonstrate, Lebanon is still far
from a gender-blind legal code.
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Abstract

This paper tries to evaluate the impact of trade liberalization and regional integration on pollution
emissions in Tunisia. It also delves on the economic consequences of taxing thirteen categories of effluents,
including air, water and land contaminants as instrument of pollution abatement policy in Tunisia. A
recursive dynamic computable general equilibrium model is used for this purpose. Results indicate that
economic integration of Tunisia with Europe will increase pollution and environmental degradation.
Economic implications of pollution abatement policies for Tunisia show that Tunisia can achieve pollution
reduction targets (25% reduction in 2010 compared to the level of pollution emission in 2001) without
seriously compromising economic growth objectives. This negligible negative effects on growth may be
explained by the changes in the composition of domestic Tunisian economic activity where productive
resources are easily shifted from more to less polluting activities.
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Introduction

Tunisia is a signatory to the 1992 United Nations Framework Convention on Climate
Change (UNFCCC), though not yet to the 1997 Kyoto Protocol (KP) that sets greenhouse gas (GHG)
emission targets for Annex 1 (developed country) signatories . It thereby affirms the principle of
“common but differentiated responsibilities” of Annex 1 and non-Annex 1 countries to take measures
to slow down the growth of anthropogenic GHG emissions to the atmosphere. Tunisia has been able to
make significant advances towards stabilization of the macro-economic framework over the last five
years (1996-2000), by achieving encouraging results. Some of these encouraging results are:
sustained growth of the GDP at an average rate of 5.4% at constant prices during the same period;
increase in investment at a sustained rate of 13.5% per year allowing Tunisia to raise investment ratio
from 23.2% of the GDP in 1996 to 25.7% in 1999, and improvement of external financial balances by
reducing the current deficit to only 2.1% of the GDP in 1999.

At the same time, Tunisia has started down the road toward the liberalization of trade by
signing two major agreements in 1994 and 1995. The multilateral General Agreement on Tariffs and
Trade (GATT) stipulates that consolidated tariffs imposed on imports of agricultural produce, and
domestic subsidies on agriculture must be phased out over the period to 2004. The bilateral
partnership agreement signed with the European Union (EU) provides for the complete abolition of
tariff barriers on industrial products by 2010, following a twelve-year transitional period. However,
this does not apply to agricultural products, for which an additional agreement has started in January
2001 thereby providing greater access for Tunisia’s agricultural products to the EU’s market, and the
extension of the preferential quota given by Tunisia to the European’s agricultural exports. More
trade liberalization will be negotiated in the coming years under the auspices of the World Trade
Organization (WTO) and the Euro-Med partnership.

The industrial sector will play a central role in the future economic growth of Tunisia. The
Government intends to further liberalize its economy and has set itself a target of over 6% annual
growth for the next decade. Industrial growth in manufactured goods particularly, is considered a key
economic sector in achieving this goal. It is well known that there is, at least in historical terms, a
strong correlation between increased trade and faster economic growth, and that the trend towards
further trade liberalization will continue. In recognizing this, it is assumed that governments may
have, at least in the near future, more control over their environmental policy and less over
international trade regimes. Their main challenge will thus reside in designing a sound environmental
policy and to have the institutional capacity to enforce it.

The objective of this study is to investigate how an environmental policy may work in favor of
growth by increasing sustainable competitiveness and reducing energy consumption. A crucial set of
questions addressed in this study deals with the direct and indirect transmission mechanisms through
which environmental policy and its enforcement affect the functioning of an emerging open economy
like Tunisia. In other words, it is hoped that the analysis will shed new light on the possible synergies
between environmental protection, trade liberalization, sustained growth and sustainable development.

@ Country signatories committed to emission limitation or reduction to promote sustainable development include:_Australia,
Austria, Belgium, Bulgaria, Canada, Croatia, Czech Republic, Denmark, Estonia, European Community, Finland, France,
Germany, Greece, Hungary, Iceland, Ireland, Italy, Japan, Latvia, Liechtenstein, Lithuania, Luxembourg, Monaco,
Netherlands, New Zealand, Norway, Poland, Portugal, Romania, Russian Federation, Slovakia, Slovenia, Spain, Sweden,
Switzerland, Ukraine, United Kingdom of Great Britain and Northern Ireland and the United States of America.



Firstly, local trade-offs are analyzed focusing on emissions and environmental degradation affecting
Tunisia and alternative policies available to the government. In this study however, international-
global environmental issues are not considered and therefore does not included the analysis of GHG
nor any other transitional emissions. The problem of international policy co-ordination and building
suitable international institutions to deal with these issues, is also beyond the scope of analysis.
Secondly, both environmental and trade policy have myriad effects on a country's economic structure,
its employment pattern, its distributional characteristics and its overall growth performance. The
primary objectives consist of identifying the conditions under which a certain environmental policy is
conducive to enhance competitiveness (trade) and growth, when and how its enforcement may be
improved upon and how this affects its effectiveness, and, possibly, its major distributional effects.

The analysis makes use of a computable general equilibrium (CGE) model of the Tunisian
economy to offer a new quantitative analysis of the linkages between economic activity and the
environment, and to simulate pollution abatement policies. The main advantage CGE is that it offers a
coherent framework for analysis based on highly detailed statistics and a fully explored corpus of
economic theory. In recent years, there has been an increasing number of studies seeking to
demonstrate the effects of trade liberalization on emissions using CGE models. Most of these studies
are directed at modeling the effects of particular liberalization in particular countries, specifically
those of Beghin et al. (1995, 1997, 1998), Dessus and Bussolo (1996), Copeland (1994), Perroni and
Wigle (1994), and others®.

Relationship between Trade Liberalization and the Environment

The trade and environment debate has heightened considerably in recent years, but
theoretically, the impact of trade liberalization on pollution levels is not very clear. To focus on this
relationship, Dean (1998) considers the “ability to pollute the environment” as an input to the
production process. In the standard Heckscher-Ohlin trade model, a country with a relatively low
factor price ratio would be classified as relatively “environment” abundant. Freer trade would then
lead to increased specialization in pollution-intensive goods. According to Grossman and Krueger
(1995), Selden and Song (1994) and Dean (1998), the amount of environmental damage in a country at
any time is endogenous, and depends upon the income level of the country. According to this
literature, Dean (1998) argues that income growth has three effects on the existing amount of pollution
emissions, i.e. scale, technology and composition effect. Scale effect is observed when greater
economic activity raises demand of all inputs and increases emissions. Technique effect exists and
tends to reduce emissions when higher effluent charges encourage firms to shift toward cleaner
production process. Finally, composition effect occurs when income growth shifts toward cleaner
goods and the share of pollution-intensive goods in output falls. This composition effect tends to
decrease emissions. Therefore, and according to Copeland and Taylor (1994), free trade may lead to
increased income, resulting in scale and technique effects, which offset each other. The net impact on
environment is, then, determined by the composition effect. Literature on the impact of trade on
growth is abundant, and the readers may refer to Baldwin (2000) for a survey of views of economists
and country experiences.

Another way to analyze the impact of trade liberalization on pollution emissions is presented
by Beghin, Roland-Holst and van der Mensbrugghe (1995) which started from the idea that pollution
level may be attributable to the three components of composition, technology, and scale. The
composition component measures the change in pollution induced by a change in the commodity
composition of aggregate production. The technology element represents the change in pollution
coming from evolving technologies. The scale effect measures the increase in pollution attributable to
an increase in aggregate economic activity. Beghin et al. argue that trade exerts important influences

@ An extensive list of recent literature on environmental related CGE Models is available in Adkins and Garbaccio (1999).
http://www.ksg.harvard.edu/tep/cge.bib.2e.pdf.




on all three dimensions. Efficiency gains induced by outward-oriented strategy lead to positive scale
effects on pollution. The technology effect is also influenced by trade policy as removal of trade
distortions changes relative input prices, input mix, and hence, the pollution intensity of production.
And finally, in the context of trade liberalization, the composition effect reflects the realization of
comparative advantages, which may be in either dirty or clean activities.

In addition to these evidences on the linkages between environment, growth and trade; other

studies (e.g. Vogel, 2000) suggest that for relatively poor countries, increased economic growth and
economic interdependence generally result in a deterioration of domestic environmental quality.
Pollution levels increase and natural resources are depleted at an accelerating rate. But environmental
quality tends to improve as per capita income increases because nations are in a better position to
devote resources to conservation and pollution control. Existing literature on ecological tax reforms in
open economies tends to focus on a public finance setting, on the interactions between new fiscal
instruments and public expenditures on environmental protection and pollution abatement.
Under the condition of environmental standards development in the world, other studies (e.g. Birdsall
and Wheeler, 1992) argue that in this case, international trade would be beneficial to the environment
by reducing pollution. In fact, by exposing firms to global competition and the development of green
export market, trade liberalization has actually improved environmental conditions. For example, in
the early 1970s, Japan modeled its automobile emission standards to those of the US— its major export
market — to continue to sell at this market.

It may be inferred that the impact of trade liberalization on pollution is still ambiguous, and
largely differs between developed and developing countries, and among developing countries
themselves. Many of the environmental abuses attributable to trade liberalization, have more to do
with domestic policies than international economics. This is why it is difficult to generalize the nature
and the scope of the relationship between trade and environment. However, with a specific case study,
it is feasible to identify the mechanisms by which international trade may affect environment and
pollution levels.

Benefits of Pollution Abatement Policy: Some Evidences

In recent years, there has been an explosion of interest in the potential for benefits of
pollution abatement to offset some of the costs of reducing gas emissions. If the list of such effects is
long and the benefits from each are large, pollution abatement will yield a far better deal than when
these benefits are ignored. Until quite recently, literature on direct and ancillary benefits, came from
developed countries, especially the US and Europe. Lee Davis et al. (2000) identify four categories of
effects of pollution abatement namely health, ecological, economic, and social. In addition to
considering the full range of sources of benefits, it is also vital to consider costs. These may arise both
from increases in externality-causing activities as well as changes in spatial distribution of emissions.
Methodologies used in the literature for estimating benefits and costs of pollution abatement policy
vary (Pearce, 2000). Some of the early literature estimate the money value of the benefits or/and costs
of such policy. Other approaches tend to focus on the physical effects without magnetization of those
effects. The unit value V in the monetary approach, for example, should reflect the economic impacts
of the associated pollutants on crops, ecosystems, human health. Thus V subsumes a set of dose-
response functions relating the pollutants to the various impacts. In non-monetary approaches, the
physical effects are highlighted rather than having them valued in monetary terms. Thus, pollution
reduction Y is linked by dose-response functions to health effects H, say lives saved or life-years
saved

As estimated by the World Bank (1994 and 2001), the annual cost of environmental damages
varies from 4 to 9% of GDP for certain MENA countries. These costs are higher than those for
Eastern Europe (5%) and substantially higher than those for OECD countries (2-3%). Overall, it is
estimated that the environmental health burden is about 14% of the total health burden in the region.
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Of this total, about 3% is attributable to urban air pollution. In the case of Tunisia, the same reports
estimate that air pollution in Tunisia leads to the loss of 105000 DALY's (disability adjusted life year)

annually®.

Until now, most studies on direct and ancillary benefits™® from pollution abatement has
focused on public health benefits of reduced emissions of air pollutants associated with carbon dioxide
as by-products of fossil fuel combustion — sulphur dioxide, nitrogen monoxide, suspended particulates,
volatile organic compounds, carbon monoxide and ozone. A smaller body of studies have looked at
other damages, notably crop damage from ozone, forest damage from sulphur dioxide, and materials
damage from sulfate aerosols (O’Connor, 2000).

Recent studies focus on ecological benefit of pollution abatement. Aunan et al. (2000) suggest
that forests in large part of Europe are probably adversely affected by air pollution. A modeling effort
recently established in Europe is beginning to look beyond airborne nitrogen dioxide (NO,) emissions
and focus on direct water discharges associated with GHG policies (Lee Davis, 2000). Aunan et al.
(2000)) project significant reductions in materials damage from implementation of energy-efficiency
programs in Hungary, and suggest significant increases in crop yields are likely to be obtained if NO,
and VOC emissions are reduced in large regions in Europe. Another study in progress by the OECD
Development Centre on China (Bussolo and O’Connor, 2001) focuses on the effects of reduced air
pollution on crop yields. Their preliminary results confirm the finding of Aunan et al. (2000) for
Hungary.

Other recent work focus on other ranges of direct and ancillary benefits of pollution
abatement policies. These studies include some economic effects of such policies. Economic benefits
of pollution abatement may include a diverse range of issues, i.e. financial benefits, employment
change, energy security and induced technological change (Lee Davis et al., 2000). The energy cost
savings that are derived from a fuel efficiency policy are best seen as a major financial benefit that
should result from pollution abatement policy.

The wider literature on direct and ancillary benefits of pollution abatement makes clear that
these effects are significant and countries adopting these policies will be winners in many ways. Most
studies focus on health impacts of pollution abatement but others suggest the possibility of increased
crop yields. The question is whether the policies of pollution emissions abatement will be feasible and
at the first order, whether they will be costly or not. Will the benefits of this kind of policy be higher
than its costs? Most studies were done on developed countries, but the number applied in developing
countries is very limited.

For this reason, the first objective of this study is to estimate the macroeconomic benefits or
costs of implementing a pollution abatement policy in Tunisia. The study is delimited to direct
economic effects such as the variations in GDP, Exports, Imports and other indicators. The issue of
quantifying the ancillary effects is beyond the scope of this study because it is now accepted that
pollution abatement realizes positive ancillary effects such as health improvement, which is more than
70% of ancillary benefits of pollution reduction.

®) A disability adjusted life year (DALY) is a measure of the loss of healthy life, based on years lost due to premature
mortality combined with those lost as a result of disability (World Bank, 1995).

@ Ancillary benefits have been defined as the social welfare improvements from GHG abatement policies other than those
caused by changes in GHG emissions, which incidentally arise as a consequence of mitigation policies This concept is not
unique to climate change policy. However, the heterogeneous sources of GHG throughout the economy, their intricate
economic impacts, and the global nature of climate change, make the assessment of ancillary benefits more complex than
in many other policy areas (Lee Davis et al., 2000).
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Overview of Tunisia’s Economy, Energy Use and Pollutant Emissions

Tunisia’s Economic and Energy Structure

In the mid-1980s, Tunisia took the strategic choice to become a modern, market-oriented, and
internationally integrated economy (World Bank, 1995). Since the introduction of stabilization and
structural adjustment reforms in 1986, Tunisia’s macroeconomic performance has been impressive.
The economy performed relatively well for the period 1991- 1999; real GDP increased on the average,
by more than 5% that largely exceeded the population growth rate of 1.3%. This implied an annual
growth in per capita income of 3.8%, higher than the rate prevailing in many developing countries®.
However, growth remains subject to large annual fluctuations stemming from the vulnerability of the
agriculture sector to shifting weather conditions — and has been mainly driven by rising exports of
manufactured goods and tourism. The inflation rate (3% in 2000) is approaching the average rate of
developed countries.

Tunisia’s economy is also becoming more diversified and more open, as manufactured output
and services replace the previous dominance of oil and phosphate production. Real value added in
hydrocarbons and mining sectors has stagnated since 1990. The contribution to real GDP of
petroleum, gas and other mining activities declined from 6.8% in 1990 to 4.9% in 1999.

The principal sources of primary energy in Tunisia are oil and natural gas. The structure of
energy consumption has changed dramatically over the past 30 years in favor of gas, which
represented 26% of energy consumed in 1998 compared to only 7% in 1970 (IMF, 1996 and 2000).
Electricity demand is growing at 6% annually which will require an expansion of Tunisia’s production
capacity as shown in Table 1 on Tunisia’s energy production and consumption.

Table 1. Tunisia’s Energy Production and Consumption, 1991-1995
(in millions of metric tons)

1991 1992 1993 1994 1995 1996 1997 1998
Production 6.087 6.136 5.583 5.161 5.247 5.853 6.204 6.676
Crude petroleum 5.189 5.188 4.641 4.461 4.309 4.276 3.870 3.987
Gas' 0.898 0.948 0.942 0.688 0.929 1.562 2.324 2.653
Production 0.238 0.237 0.362 0.157 0.126 0.724 1.504 1.720
Fees’ 0.660 0.711 0.580 0.531 0.803 0.838 0.820 0.933
Consumption 4.183 4.473 4.715 4.996 5.115 5.307 5.623 5.917
Liquefied  petroleum
gas 0.253 0.272 0.282 0.321 0.334 0.357 0.375 0.388
Gas 1.100 1.146 1.208 1.271 1.307 1.378 1.485 1.534
Fuel oil 1.492 1.252 1.351 0.978 0.796 0.812 0.831 0.801
Lighting oil 0.144 0.153 0.164 0.159 0.170 0.173 0.184 0.187
Gasoline 0.272 0.286 0.298 0.321 0.325 0.338 0.354 0.363
Jet fuel 0.132 0.186 0.217 0.259 0.250 0.257 0.292 0.311
Natural gas' 0.790 1.178 1.195 1.687 1.933 1.992 2.102 2.333
Surplus 1.904 1.663 0.868 0.165 0.132 0.546 0.581 0.739
Electricity production 3 5,096 5,479 5,705 6,031 6,625 6,852 7,387 7,573

Source: IMF (1996, 2000)

' In millions of tons of oil equivalent

% Fees from the trans-Tunisia pipeline carrying gas from Algeria to Italy and received in kind (expressed in millions of tons
of oil equivalent).

3: Production by the state company STEG (excluding production by private plants and expressed in millions of kilowatt-
hours.

®) Over 1997-98, average real per capita GDP rose by 2.9% in developing countries, 0.7% in Africa, 1.3% in the Middle East
and Europe, and 2.4% in the Western Hemisphere (IMF, 2000).
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Total hydrocarbon output® (crude petroleum and natural gas) declined from 6.1 million ton of oil
equivalent in 1991 to 3.5 million tons in 1995. However, with the start of exploration at the Miskar
and Zini gas fields in 1996 and the full operation of the second transcontinental gas pipeline, the
hydrocarbon output rose gradually starting in 1995. It accounts for about 6.7 million tons of oil
equivalent.

The crude petroleum production in Tunisia decreased from 5.2 million tons in 1991 to 4.0
million tons in 1998. This development is mainly due to the dwindling of reserves in the two most
productive hydrocarbon fields in Tunisia, i.e. El Borma and Ashtart.

Over the past decade, electricity production has grown steadily at 5.6% on average over the
period 1990-1999 accounting for 7.9 million kwh in 1999, mainly produced by the state company for
electricity and gas, the Societe Tunisienne d’ Electricite et du Gas (STEG). The production of STEG
is generated almost exclusively (99%) by thermal plants using fuel-oil and natural gas.

Tunisia’s oil reserves are rather limited and its import dependency has been growing
steadily. The structure of Tunisia’s imports in hydrocarbons are dominated by refined products as its
local production capacity is fully used and thus, unable to satisfy the growing local demand on these
products. However, Tunisia’s exports in hydrocarbons are dominated by crude oil. Table 2 shows
that although exports of crude oil decrease at the annual average rate of 1.4% between 1991 and 1998,
imports of refined petroleum products rise at the annual average rate of 1.8% at the same period.

Table 2. Tunisia’s Trade Structure and Balance in Hydrocarbons, 1991-1998
(in millions of tons of oil equivalent)

1991 1992 1993 1994 1995 1996 1997 1998

Crude Oil 6.

Exports 3304 |[4.005 |3.013 |3.367 |3.290 |3.171 2.794 | 2.990

Imports 0.118 | 0.341 0.295 |[0.656 | 0.855 |0910 | 0.853 0.917

Balance 3.186 |[3.664 |2.718 |2.710 |2435 |2.261 1.941 2.07
Refined Products

Exports 0.542 | 0.060 |[0.445 ]0.560 | 0.569 |[0.727 |0.848 0.70

Imports 2.186 | 2.254 1.872 |[2.172 1.874 |[2.285 | 2.558 2.46

Balance -1.644 | -1.812 | -2.077 | -1.608 | -1.305 | -1.558 | -1.710 -1.75
Gas

Exports 0.000 [ 0.000 | 0.000 |0.289 |0.257 |0.571 0.618 0.68

Imports 0.639 1.118 1.132 1.492 1.774 1.213 | 0.648 0.68

Balance -0.639 | -1.118 | -1.132 | -1.207 | -1.518 | -0.643 | -0.028 0.00
Total

Exports 3.846 |[4.065 |3.058 |4.215 |4.116 |4.469 |4.260 4.380

Imports 2.943 | 3.331 3.548 | 4.321 4.503 | 4.408 | 4.045 4.067

Balance 0.903 |[0.734 |-0.491 |-0.105 | -0.387 | 0.061 0.203 0.312

Source: IMF (1996, 2000)

©®) In addition to domestic supply of crude oil and natural gas, the hydrocarbon output in Tunisia covers fees paid by Algeria
from the use of the two transcontinental pipelines to export Algerian gas to Italy.

7



Tunisia’s Emissions Profile

To assess the seriousness of Tunisia’s pollution problems, the author used inventory
information on major air pollutants of concern and emission sources. This step involved collecting
existing information on pollutants known to cause significant environmental damage in Tunisia, the
corresponding emission sources, and average annual emissions and ambient concentration levels. In
this section, all information on Tunisia comes from the World Bank (1995), and non-official Tunisian
sources.

Using data from the World Bank’s Industrial Pollution Projection system (IPPS), pollution
intensities and pollution loads were estimated for 28 sectors for Tunisia (World Bank, 1995). In this
study, a number of indicators are chosen to span the range of pollution impacts. Indicators are used
for toxic pollution to air, water and land; biological oxygen demand (BOD) and total suspended solids
(TSS) are used for water pollution intensity. Nitrogen dioxide (NO,), sulphur dioxide (SO,), and
volatile organic compounds (VOC) are used for air pollution intensity.

The results of this study show that Tunisia exhibits a relatively high level of intensity of TSS
and low level of BOD. According to the World Bank (1995), this may reflect the fact that much more
attention is given to wastewater treatment than to sedimentation and industrial waste problems. Table
3 shows that compared to other countries, Tunisia has a high level of pollution intensity from NO,
usually associated with the thermal combustion of fossil fuels, an indication perhaps of less efficient
technologies in the industry and transportation sectors.

Table 3. Comparative Pollution Intensity (Ibs/US$1M output)

Tunisia | Chile Ecuador | Jordan | Portugal | Thailand | Turkey
Air 801 1285 1024 687 1245 489 874
Water 147 125 223 98 268 51 165
Soil 1469 2849 1915 1163 2793 835 1958
BOD 726 1469 962 1021 809 529 566
TSS 8897 17671 6718 7567 11738 4811 13169
NO, 4585 2548 2974 3002 2063 2947 3579
SO, 4579 12642 4380 4979 7582 3405 6509
VOC 1475 1832 1963 1920 3089 1526 2132

Source: World Bank (1995)

The distribution of pollution intensity within the Tunisian industrial sector also exhibits some
interesting patterns. As seen in Table 4, the chemical industry is the largest contributor to toxic
pollution, with 52% of air pollution, 70% of water pollution, and 60% of land pollution. Other much
smaller contributors are paper, iron and steel, and textiles industries. Water pollution is almost
entirely attributable to the food (56% of BOD), iron and steel (82% of TSS), paper (21% of BOD and
6% of TSS), and chemical (18% of BOD and 8% of TSS) industries. The non-metallic mineral
production, iron and steel, chemical, and petroleum refinery industries are the major air pollutants.



Table 4. Distribution of Pollution Intensity in Tunisia (%)

Air Water | Soil BOD | TSS SO, NO, VOC

Food Products 3.37 2.43 3.15 |56.10 1.56 8.72 | 12.07 9.87
Textiles, Apparel, and | 4.91 4.25 2.30 0.57 0.08 1.85 3.60 3.63
Leather.
Footwear, except rubber [ 1.01 0.00 0.02 0.24 0.02 0.01 0.00 0.16
and plastic
Wood products, except | 0.58 0.01 0.07 0.18 0.07 0.36 1.09 2.64
furniture
Furniture, except metal. 1.62 0.01 0.08 0.00 0.00 0.05 0.05 3.50
Paper and products, | 7.22 9.18 1.52 | 21.33 5.86 6.31 5.40 4.12
printing and publishing.

Industrial Chemicals. 52.78 | 71.75 | 60.48 18.51 8.04 15.06 |20.26 |37.96
Petroleum Refineries 2.97 1.22 6.87 0.85 0.35 10.84 9.69 17.83
Rubber and Plastic | 5.23 0.07 1.01 1.20 0.19 0.68 0.36 2.97
products

Pottery, Glass and | 5.86 0.57 4.65 0.32 0.38 |39.74 | 36.19 4.70
products, and other non
metallic mineral
products 4.62 8.94 14.45 0.07 | 82.28 14.67 9.90 6.10
Iron and Steel 4.74 1.33 3.16 0.47 0.63 0.94 0.77 3.64
Non-ferrous and
fabricated metal | 3.41 0.20 1.85 0.15 0.02 0.64 0.49 1.35
products 1.66 0.05 0.39 0.00 0.51 0.13 0.11 1.55
Machinery

Other manufactured
products

Source: World Bank (1995)
Including Beverages and Tobacco

The degree of carbon intensity of Tunisia’s economy is quite sensitive to whether one uses
market or purchasing power parity (PPP) exchange rates for converting GDP into US dollars.
Arguably, the latter is more appropriate (Bussolo and O’Connor, 2002). At PPP exchange rates,
Tunisia generated 0.3 kg. CO, per $GDP in 1996 (World Bank, 2000). Compared to other countries in
the Arab world, Tunisia has the lowest level of carbon intensity (Algeria 0.7, Egypt 0.6, Lebanon 0.9,
Morocco 0.3, Saudi Arabia 1.3, Syria 1.0). However, differences in this ratio across countries reflect
in part, structural characteristics of each economy, energy efficiency of particular sectors of the
economy, and differences in fuel mixes. Of the eight countries, Tunisia also has the lowest ratio of
CO, emissions to total energy use'”, i.e. 2.4 metric tons CO, per ton of energy oil equivalent versus 3.5
for Algeria, 2.5 for Egypt, 2.7 for Lebanon and Saudi Arabia, and 3.0 for Morocco and Syria.
Presumably, the values of these ratios reflecting the high share of traditional fuel® used in Tunisia
(12.7% versus 1.5 for Algeria and 3.5 for Egypt for example).

Modeling the Impacts of Trade Liberalization on the Environment

(™M Using the data from the 2000 world development indicators (World Bank, 2000), the ratio of CO2
emissions to total energy use was estimated on the basis of commercial energy use expressed in million
tons oil equivalent for the year 1997 and the carbon dioxide emissions expressed in million metric tons for
the year 1996. Because CO:z emissions for the year 1996 were used and not those of 1997, this resulted in
the under estimation of the ratio of CO2 emissions to total energy use.

® Traditional fuel use includes estimates of the consumption of fuelwood, charcoal, biogases, and animal and
vegetable wastes. Total energy use comprises commercial energy use and traditional fuel use.
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Many different types of modeling frameworks have been used in demonstrating the
implications of international trade on the environment. These include econometric approaches, gravity
models, ecological models, biological systems models, partial equilibrium economic models and
general equilibrium models. Among others, Martin (1999) © argues that it is generally much
preferable that the choice of modeling approach emerges from a careful evaluation of the questions to
be answered and the nature of the system under study. However, Martin concludes that a general
equilibrium approach is seen as suitable for almost all problems.

In this paper, a computable general equilibrium (CGE) model has been used to integrate the
economic consequences of climate policy in the context of trade liberalization, both in terms of
growth, and more detailed incidence effects. The principal virtue of CGE models lies in their ability
to capture feedback in the economic system, e.g., via relative price changes that may lead to results
other than those predicted from an examination of first-order, partial equilibrium effects alone. In the
context of economic benefits estimation, one of the features of this CGE model is particularly
noteworthy. It seldom incorporates a separate abatement technology for local pollutants. This implies
that the only way to control those pollutants in the model is via inter-fuel substitution (e.g., switching
from coal to gas in power generation) or via substitution of productive factors (e.g., labor) and/or other
inputs for polluting energy in a given production process. At the level of the economy as a whole,
structural change toward less polluting sectors may achieve the same results (O’Connor, 2000).

The CGE model used in this study is directly derived from a prototype developed at the
OECD Development Center (see Beghin et al. 1996 for a detailed specification of this model) and
calibrated to a social accounting matrix for Tunisia for 1992.

Model Structure. The model is dynamic and solved recursively!'” for the period 1992-2010.
It includes equations describing agents' behavior, market clearing and other accounting relationships.
The following sub-sections briefly explain the model’s main characteristics and the main extensions
introduced to study the economic consequences of climate policy.

Production. Production is modeled using nested Constant Elasticity of Substitution (CES)
functions, which describe the substitution and complement relations among the various inputs.
Producers are cost-minimizers and constant return to scale is assumed. In the first place, products
break down into two aggregates, i.e. intermediate consumption excluding energy, and value-added
plus energy consumed. The value-added and energy components are decomposed in two parts
namely: aggregate labor and capital plus energy. Labor demand then breaks down into five categories.
Within each segment, labor is totally mobile and completely employed. The composite capital/energy
factor is disaggregated into capital and energy. Demand for physical capital makes a distinction
between “old” capital and “new” capital. The model thus integrates the notion of vintage in order to
make a distinction between the process of allocating capital existing at the beginning of the period, or
which is already in place from that resulting from contemporary investment (i.e. a production function
of putty/semi-putty type).

“New” capital may be allocated more flexibly than already installed or “old’ capital. It
substitutes for other types of capital more easily (land, natural resources) than does old capital.
Accelerating investment therefore strengthens the capacity for adjustment of the productive sector to
match changes in relative prices.

Finally, the energy aggregate includes two energy substitutes: oil and electricity. These may be
further disaggregated which are targeted by distinct, substitutable demand.

® In his paper, Martin provides a series of frameworks in which environmental externalities may be
evaluated and the consequences of trade liberalization on environmental impacts assessed.

10 Recursive dynamic CGE model means that each sequential time period is solved as a static equilibrium
problem given an allocation of savings and expenditure on current consumption.
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Income Distribution and Absorption. Labor income is allocated between the various
households according to a fixed coefficient distribution matrix derived from the original Social
Accounting Matrix (SAM). Likewise, capital revenues are distributed among households,
corporations and rest of the world (foreign investors). Corporations save the after-tax residual of this
revenue.

Household demand is derived from a program for maximizing the utility function following
the Extended Linear Expenditure System (ELES)) "", specific to each household, subject to the
constraints of available income and consumer price vector. Household utility is a positive function of
consumption of the various products and savings. The calibration of the model determines a per capita
subsistence minimum for each product, whose aggregate consumption grows with population, while
the remaining demand is derived through an optimization process. The share of the various products

in government demand and investment demand ? is fixed once the aggregate levels of these have
been defined.

International Trade. Imperfect substitution among goods originating in different geographical
areas is a standard assumption included in this model (Armington, 1969). Imports demand results
from a CES aggregation function of domestic and imported goods. Export supply is symmetrically
modelled as a Constant Elasticity of Transformation (CET) function. Producers decide to allocate
their output to domestic or foreign markets responding to relative prices. At the second stage,
importers (exporters) choose the optimal choice of demand (supply) across regions, again as a function
of relative imports (exports) prices and the degree of substitution across regions.

The small country assumption holds, i.e. Tunisia being unable to change world prices.
Therefore, its imports and exports prices are exogenous. Capital transfers are exogenous as well, and
determine the trade balance.

Model Closure and Dynamics. The equilibrium condition on the balance of payments is
combined with other closure conditions so that the model may be solved for each period. Firstly, the
government budget is considered. Its surplus (or deficit) is fixed and the VAT schedule shifts in order
to achieve the predetermined net government position. Secondly, investment must equal savings,
which originate from households, corporations, government and rest of the world.

The dynamic structure of the model results from the equilibrium condition between savings
and investment. A change in the savings volume influences capital accumulation in the following
period. Exogenously determined growth rates are assumed for various other factors that affect the
growth path of the economy, such as: population and labor, supply growth rates, labor and capital
productivity growth rates and energy efficiency factor growth rates. Agents are assumed to be myopic
and to base their decisions on static expectations about prices and quantities. The model dynamics are
therefore recursive, generating a sequence of static equilibria.

Policy Instruments. The model considers a large set of policy instruments. Some of these
have been mentioned above such as production subsidies (by type of activity); consumption subsidies
(by product); value added taxes (by activity); other indirect taxes (by activity); tariff barriers (by
imported product, and according to origin); non-tariff barriers (by imported product, and according to
origin); direct taxes (by household); and taxes on corporate profits. The model also describes the tariff
policy implemented by the EU for Tunisian exports. Finally, the model describes tariff quotas policies
applied by Tunisia and the EU.

The modeling of these different policy instruments is of conventional type. It defines each
instrument as a tax on the relevant resource. For example, a production subsidy is modeled as a

D A useful reference for the ELES approach is found in Lluch (1973).
(2) Aggregate investment is set equal to aggregate savings, while aggregate government expenditures are exogenously fixed.
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negative tax on production price. In the case of differential tariffs, the process is a little more
complex, but boils down to expressing the average tariff level as the average of the preferential and
non-preferential tariffs, weighted by the volume of the imported products in each quota. If M is the

total imported volume, M the volume level below which preferential tariff ¢, is applied, and ¢z the
non-preferential tariff (z, < t), then the average tariff ¢ for all imports of a product verifies the
following:

tM=t, min[M,]W]+tB max[M—ZW,O] (1)

Since imports subject to these regulatory controls are usually placed under the administrative
authority of a public agency, it is assumed that the latter passes on the average tariff to the imported
product’s domestic price, in order not to penalize one category of importer of the same product more
than others. This average tariff is therefore endogenous in the model, since total imports are

endogenous. If total demand for imports exceeds quota M , the nominal level of protection may rise,
up to the point at which the domestic price of the imported product is equal to the marginal utility
provided by consuming it.

A uniform tax on each unit of polluting emission is also introduced and paid by the polluter
agents. This tax may be endogenously determined if specified levels of emission abatement are to be
targeted. Otherwise, it may be exogenously fixed. In this latter case, emissions levels become
endogenous.

Emissions. Emissions are determined by either intermediate or final'® consumption of
polluting products. 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 labor and capital do not pollute. Emissions coefficients associated
with each type of consumption and production are derived from a previous study (see. next section on
emission coefficients) on the determinants of polluting intensity for the US and adapted to the Tunisia
case. A change in sectoral output or in consumption vectors, both in levels or composition, therefore,
affects emission volumes. Formally, the total value for a given polluting emission takes the form:

E, =Y BIXP+3, Y oC,, + Yoy x/me @
i J J

i

where i is the sector index; j the consumed product index; C intermediate consumption; XP
output; X*"¢" final consumption (at the Armington composite goods level); ¢ the emission volume
of pollutant p associated with one unit consumption of product j and f; the emission volume of
pollutant p associated with one unit production of sector i. Thus, the first two elements of the right
hand side expression represent production-generated emissions. The third one represents
consumption-generated emissions.

Thirteen types of polluting substances are included in the model. Their volumes are
independently determined and measured in metric tons. Toxic emissions in air (TOXAIR), water
(TOXWAT) and soil (TOXSOL) depend primarily on the consumption of chemicals (especially
fertilisers for water pollution); oil derived products and mineral products. Bio-accumulative emissions
differ from the previous ones for their long term effects on bio organisms, due to their high lead (or
other heavy metal) concentration. Again, these are distinguished according to the medium where they
are released: into the air (BIOAIR), water (BIOWAT) and soil (BIOSOL). These emissions are the
results of the use of mineral and metal products, generally found in construction-related sectors. There

(3) Final consumption, in this context, is restricted to households, government and investment demand. Exports are not
considered since the analysis is limited to local emission.
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are 5 types of toxic substances released in the air: sulphur dioxide (SO,), nitrogen dioxide (NO,) and
carbon monoxide (CO), volatile organic compounds (VOC) and suspended particulates (PART).
Their levels depend primarily on fuels consumption: oil and coal derived products. Finally, two
additional categories of water-polluting substances are considered: suspended solids (SS) and those
measured by their biochemical oxygen demand (BOD). These emissions are related to the
consumption of mineral products.

As in the study of Bussolo et al. (2000), the household utility functions do not include among
their arguments any term directly related to environmental qualities and pollution levels. Despite the
theoretical validity of the utility-environment relationship, empirical applications would require
estimates for utility values that household assigns to environmental qualities (Perroni and Wigle,
1994). Likewise, in this model, environmental degradation is assumed not to affect production factors
productivity.

A Few Observations on Data Sources and Limitations. The model used here has been
constructed and calibrated using information contained in Tunisia’s social accounts matrix for 1992"%.
It considers two representative Tunisian households, one rural and the other urban, plus one tourist
household. The latter receives all its income from abroad and consumes it in its entirety. A total of 57
economic sectors and 5 types of work are taken into account, these being distinguished notably by
their levels of qualification and geographical mobility. Three are rural, 1 urban, and 1 allocated to the
whole of the country, the latter being a buffer between rural and urban areas. It covers casual workers
who react swiftly to fluctuations in labor demand. If the source of this demand is urban for example,
they will go to that area and transfer a fixed part of their income to rural households. They therefore
cushion the shocks which particularly affect one geographical area — changes in agricultural policy
for example.

Of the 57 economic sectors, 25 relate to manufacturing industries. The model takes into
account 3 types of capital, i.e. physical capital, reserves of natural resources (crude oil, phosphates)
and land. Finally, the model makes a distinction between two trading partners for Tunisia: the EU and
the Rest of the World (ROW) .

Key parameters. The model uses a multitude of parameters in order to calibrate the different
bloc of functions. This includes production function elasticities, trade elasticities and household
consumption elasticities.

Production function and trade elasticities come from the empirical literature devoted to CGE
models. They are not specific to Tunisia (see for instance Burniaux et al., 1992). In earlier works,
large sensitivity analyses were conducted on the choice of trade elasticities in Armington and CET
elasticities (Chemingui and Dessus, 2001) and on the value of substitution elasticities between fixed
and mobile factors (Chemingui and Dessus, 2002). The results show that the models output change
with very small levels thus supporting the reliability of these results.

Substitution elasticities reflect adjustment possibilities in the demand for factors of production
originating from variations in their relative prices. The following were selected: 0.00 between
intermediate consumption and value added incorporating new capital plus energy; 0.12 between
aggregate labor and the capital-energy aggregate incorporating old capital; 1.00 between aggregate
labor and the capital-energy aggregate incorporating new capital; 0.40 between the various categories
of labor; 0.00 between old capital and energy; 0.80 between new capital and energy; 0.25 between the
various sources of energy linked to old capital; 2.00 between the various sources of energy linked to
new capital; 0.0 between the various types of capital (land, natural resources, physical capital) linked

(49 For more information on the data sources and methodology used for the construction of the Tunisia’s SAM, see
Chemingui and Dessus (1999). The detailed SAM is available at the OECD Development Centre Web Site:
http://www.oecd.org/dev/biblio/statistiques/MATRICE.ZIP
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to old capital; 0.5 between the various types of capital linked to new capital; and 0.4 between the
different types of labor.

Substitution elasticity between domestic and imported products is set at 2.2, and at 5.0
between imported products according to origin (EU or the ROW). The elasticity of transformation
between products intended for the domestic market and products for export is 5.0 and 8.0 between the
different destinations for export products.

Income elasticities are differentiated by product and by household and vary from 0.75 for
staple products for households with the highest income to 1.20 for services. The value of these
elasticities comes from many sources (Chemingui and Dessus, 2002).

Treatment of Emissions Coefficient in the Model. The model includes two matrixes of
sectoral coefficients for 13 types of polluting substances: one for production activity and one for final
consumption. In the first instance, pollution coefficients are derived from estimates for the US of the
World Bank’s pioneering IPPS project (Hettige et al., 1994). The World Bank’s pollution coefficients
which are output-based, have been transformed into input-based estimates by regressing them on
intermediate inputs""”. Instead of focusing on pollution output at individual industrial sources, Dessus
et al. (1994)_advocate moving up the production process. Factories producing pollution can be
numerous and very dispersed geographically. The evidence reported in their study indicates that only
a few commodities are responsible for determining pollution levels when they are consumed as
intermediates. Their econometric estimates indicate that over 90% of the variation in emission of most
toxic pollution may be explained by consumption of less than a dozen intermediate commodities.
Their calculations are based on a 345 sector US input-output table.

The implementation of the results estimated for the US for Tunisia uses the methodology
developed by Dessus et al. (1994). The first step is to assure the concordance in the composition of
sectors between the US and Tunisia (sectors reported in the SAM). When the number of sectors is
greater in the US than in the Tunisia’s SAM, the input emission coefficient for product j in Tunisia is
equal the sum of the coefficients for sub sectors of the product j in the US weighted by the US shares
of each sub sectors that constitute sector j. When the number of sectors is lower in the US than in
Tunisia’s SAM, the sectors are aggregated in Tunisia to conform to US. The second step is to express
the coefficient estimated for Tunisia in its local currency (TD), by dividing it by the exchange rate.

The coefficient obtained is also divided by the inflation rate in the US during the period 1987-
1992. Coefficients for the dummy variables are transformed in the same way, in terms of sector
disagregation and currency. They are also divided by the level of production in the corresponding US
sector. This dummy is directly associated to the level of production of the specified sector. The level
of emission of the sector i in Tunisia is then calculated as the sum of emissions on intermediate
consumption and those related to the level of production. Tables 1A and 2A in the Appendix show the
pollution coefficients calculated for Tunisia and used to calibrate the model.

This method is the only way to estimate pollution coefficients in developing countries that
have little or no industrial pollution data. But the greatest inconvenience of the use of this approach is
related to the fact that it considers that the developing country chosen (Tunisia in this case), has the
same technological process and then the same pollution level for the same adopted sector as in the US.
This is not true because the difference in environmental regulations between countries and the adopted
technology is wide. It is known that in most industries, a technology used at period t in developed
countries will only be available in developing countries after a given period. In other cases, and in the
absence of environmental regulation, industry in developing countries is based on old technology in
order to minimize cost and in most cases, specialize in “dirty” production. This specific aspect of
pollution emissions in developing countries needs detailed data, which is not available for Tunisia.

(5) For a description of the methodology used, see Dessus, Roland-Holts and van der Mensbrugghe, 1994.
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Pollution Emissions in Tunisia in the Base Year: Some Evidences. From a static
perspective, the top panel of Table 5 shows the estimates for the sectoral emission intensities for
production in 1992 (the base year for which SAM is available), i.e. the volume of emission per unit of
output. The presentation of Bussolo et al. (2000) is replicated in this study.

For a summary presentation, the Tunisian economy has been aggregated into 6 macro sectors:
agricultural and food processing (AgriF); chemical industries (Cheml); textiles (Textl); other
manufactured industries (OthMI); non-manufactured industries (Nmanl); and services (Servl). The
last column displays economy-wide averages weighted by sectoral outputs. The middle 3 rows show
respectively % shares of sectoral production, export to output, and import to demand ratios. The
bottom panel shows the same information in another format. The sectoral coefficient is compared to
the economy-wide average set equal to 100. From Table5, it is possible to observe the distribution of
emission intensities across sectors. This depends on the initial input-output structure of the Tunisian
SAM (for the term aiCij) and on the vector of output (for the term Xioutput). For a given sector I, it
would have a higher pollution intensity (E/Xioutput) when it consumes more polluting intermediates
and has a higher value of its own coefficient (Bussolo et al., 2000). By considering the relative
weights shown in the last three rows of the top panel of Table 5; it is also possible to see which are the
most polluting industries in volume terms and what may be the environmental consequences of
changes in competitiveness.

From the bottom panel of Table 5, the normalized coefficients show that the aggregate
chemical sector records the highest emission intensities for TOXAIR, TOXWAT, TOXSOL, SO,,
NO,, CO, VOC and PART effluents (8 from a total of 13 effluent categories). A tax proportional to
emission intensities will therefore result in higher production costs for this sector, which in the base
year, accounts for only 5% of the total output. The next two sectors that will be affected by this tax
are OthMI and Nmanl. OthMI and Nmanl output shares (respectively 16% and 14%) are larger than
the chemical sector, and may have more serious effects on aggregate GDP growth given the expected
increase in their production costs. Therefore, the effects of a tax proportional to emission intensities
on output growth of AgriF, Textl, and Servl, will be less important than the previous sectors because
they have lower emission intensities coefficients.

Export and Import dependency ratios show the possible effect of increased trade and
economic openness. For the more polluting sectors, trade liberalization and green taxes may lead to
substitutes imported in lieu of domestic goods. The degree of substitution depends on the value of the
ratio Import/Demand. For example, given the high value of this ratio for Cheml and TextI sectors, the
substitution possibilities of domestic by imported goods, will be less important than for the AgriF and
Nmanl for which the import to demand ratio is lower. The possibilities of substitution of domestic by
imported goods, will be therefore higher f imported goods are used more as intermediates. The final
result will depend on the initial level of protection and the sectoral resource distribution, which will
ultimately determine its comparative advantage and specialization due to trade liberalization. It will
also depend on pollution intensities and the nature of green taxes to be applied for pollution
abatement. For this reason, and in situations where a number of distortions and pollution determinants
are present, the theory of international trade and environmental management is inadequate if used
alone. Other computational tools must be used in an attempt to assess the consequences of the policies
described. CGE models are usually used. However, presently, this study is the first conducted in a
country in the MENA region. All previous work have been done mostly on European and American
countries.
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Table 5. Sectoral Emission Intensities for Production — 1992
(metric tons per millions TD)

Pollutant . . . Other Non .
T AgriFood | Chemicals | Textiles Manuf: .| Manufacturing | Services Total
ype anufacturing Industries
TOXAIR 14.4 275 85.7 57.5 51.3 9.2 44.1
TOXWAT | 28.6 706.3 17.8 112.4 69.4 18.9 77.6
TOXSOL 27.1 855.5 17.5 242.2 358.4 25.6 147.8
BIOAIR 429 783.8 19.7 602.3 1020.4 44 303.6
BIOWAT 0.4 39.2 0.4 25.3 49 1.7 13.5
BIOSOL  447.5 15787.9 260.3 10954.8 20070.6 769.9 |5711.5
SO, 27.3 750.5 17.4 98.5 60.6 17.5 75.6
NO, 16.7 453.7 10.6 56.8 28.7 10.4 44.2
CO 10.3 319.1 6.8 73.8 80.4 8.4 44.8
VOC 24.3 484.7 11.1 70.1 49.9 11.5 53
PART 4.6 125.4 2.9 18.2 8.8 2.9 12.7
BOD 12 26.5 0.3 21 33.1 1.2 12.5
TSS 14.4 1470.6 15.2 945.8 1824.2 63.6 503.9
Output% 23 5 9 16 14 33
Exp/Output | 6 34 59 18 14 7
Imp/Demand| 9 72 124 93 12 4
Normalized coefficients
TOXAIR 33 624 194 130 116 21 100
TOXWAT | 37 910 23 145 89 24 100
TOXSOL 18 579 12 164 242 17 100
BIOAIR 14 258 6 198 336 14 100
BIOWAT 3 290 3 187 363 13 100
BIOSOL 8 276 5 192 351 13 100
SO, 36 993 23 130 80 23 100
INO, 38 1026 24 129 65 24 100
CO 23 712 15 165 179 19 100
VOC 46 915 21 132 94 22 100
PART 36 987 23 143 69 23 100
BOD 96 212 2 168 265 10 100
TSS 3 292 3 188 362 13 100

Source: Author’s calculations

Although production activity is the worst pollutant in the economy, final consumption of
goods and services may equally cause pollution, especially for specific emission categories.
Analogous results of emissions intensities for consumption are shown in Table 6. These estimated
intensities expressed in volumes and coefficients refer to final consumption of goods and services
(private and public consumption, investment goods included). From this table, it may be observed that
only consumption of Cheml (as the case of refined fuels and fertilizers) and OthMI products generates
emissions.

The best way to reduce emissions from final consumption will result from the technical
efficiency in the production. This technical efficiency which results from the introduction of green tax
proportional to emission intensities or specific to one or more particular emissions, may accelerate the
process of substitution between pollutant and clean intermediate consumption. Reduction in emissions
from final consumption will be the result of changes in emissions from production and not the direct
change in consumption patterns. In some models where there is a possibility to substitution between
goods in final consumption, the possibility to reduce emissions will depend on the value of elasticity
of substitution between “clean” and “dirty” products from the same category (same use). This is the
case of substitution among petrol fuels in the transport sector, e.g. premium, super, unleaded, regular,
etc.
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Table 6. Sectoral Emission Intensities for Consumption — 1992
(tons per millions TD)

Non

Pq}l}%ﬁgnt AgriFood |Chemicals | Textiles Mam?t%lci{uing Meiggﬁz;(‘zglersing Services Total
TOXAIR 0 458.4 0 36.4 0 0 20.1
TOXWAT 0 1303.5 0 15.2 0 0 39.3
TOXSOL 0 1145.6 0 64.7 0 0 45
BIOAIR 0 0 0 326.4 0 0 66.4
BIOWAT 0 0 0 7.4 0 0 1.5
BIOSOL 0 0 0 4458.2 0 0 907.2
SO, 0 1408.3 0 7.2 0 0 40.5
INO, 0 864 0 3.1 0 0 24.6
CO 0 511.1 0 11.4 0 0 16.5
VOC 0 892.2 0 6.3 0 0 26
PART 0 237.3 0 1 0 0 6.8
BOD 0 0 0 5 0 0 1
TSS 0 0 0 275 0 0 56
Cons% 24 4 4 15 14 39
Normalized Coefficients
TOXAIR 0 2281 0 181 0 0 100
TOXWAT 0 3317 0 39 0 0 100
TOXSOL 0 2546 0 144 0 0 100
BIOAIR 0 0 0 492 0 0 100
BIOWAT 0 0 0 493 0 0 100
BIOSOL 0 0 0 491 0 0 100
SO, 0 3477 0 18 0 0 100
INO, 0 3512 0 13 0 0 100
CO 0 3098 0 69 0 0 100
VOC 0 3432 0 24 0 0 100
PART 0 3490 0 15 0 0 100
BOD 0 0 0 500 0 0 100
TSS 0 0 0 491 0 0 100

Source: Author’s calculations
The Benchmark Scenarios

The objective of this section is the simulation of the Tunisian economy to the 2010 horizon
without any pollution abatement policy and under alternatives hypothesis on trade policy. This allows
for exploring the consequences of trade on growth and pollutant emission. The initial simulation
which refers to the situation without the changes in trade policy provided by GATT and the
partnership agreements, forms the baseline scenario to which alternatives trade liberalization is
compared. Two simulations are compared to the baseline scenario. The first one LibEU (Trade
Liberalization with Europe) introduces the changes in economic policy and reflects the formal
undertakings given by the Tunisian government to the international community, specifically where
trade is concerned. This simulation incorporates the changes in trade policy in connection with
GATT, the Euro-Med Partnership agreement, and the dismantling of Multi-Fibre Agreement (MFA).
The second simulation LibROW (Trade Liberalization with the Rest of the World) introduces a cut in
the tariffs applied to industrial and agricultural products from the ROW similar to that implemented on
European products alone.

Several assumptions have been made to define what seems to be the plausible development of
the Tunisian economy up to 2010. However, this exercise in simulation must not be seen as an
exercise in forecasting, for which general equilibrium models are not the best tools. The definition of
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a benchmark using major exogenous hypotheses is intended merely to define a baseline scenario to
which alternative policy scenarios may then be compared to isolate the specific impact of the latter.
However, the fact that the value of the exogenous variables are set on a priori basis within a realistic
confidence interval, does not have any major consequences. When the impact of alternative economic
policies is assessed, it may be seen that these choices affect very little either amplitude or sign of the
variations in the different aggregates relative to the baseline scenario, notably the measurement of
welfare changes.

In recent works (Chemingui and Dessus, 2001 and 2002), sensitivity analyses were conducted
on the choice of trade elasticities (Armington and CET elasticities) and model closure. The results
show that changes were minor and the model was not sensitive to the choice of the different elasticity
values.

Growth hypotheses and Economic Policies Implemented in the Baseline Scenario.

In order to construct a baseline scenario, the values of a number of variables need to be set.
The rate of growth in GDP is set for the period to 2010 to estimate a growth rate for total factor
productivity compatible with this development. A figure of 5.7% has been identified for the average
annual GDP growth rate between 1998 and 2010 based on the targets and forecasts of the Ninth Social
And Economic Development Plan. Over the same period, the rural population is assumed to grow at
an average annual rate of 1.0% and urban at 1.8%. Between 1998 and 2010, labor market supply
grows by 0.9% yearly in rural areas, and by an annual 2.0% in urban areas.

It is assumed that the government continues with its policy of fiscal stabilization. Budget
spending (excluding investment) increases in real terms by only 1.5% annually up to 2010. In the
baseline scenario, public savings are endogenous. In the alternative scenarios, they are exogenous
remaining at the baseline reference level, and are obtained by endogenous shifting of the VAT vector.
To neutralize the impact of changing the latter which is judged to cause distortion, (Rutherford, et al.,
1995), as a reaction for example to a reduction in tariff revenue, it is assumed that the rate of VAT is
gradually unified over the period 1998 to 2010. By 2010, there would be just one VAT rate applicable
to all products and equal to the average revenue collected in 1992.

The changes to policy, levels of activity and public expenditure which are introduced,
determine budget balance in the baseline scenario before the addition of public investment. This
remains stable throughout the period at roughly +4.5% of GDP. The rate of growth in total factor
productivity which relates solely to physical capital and labor, is also determined endogenously in the
initial scenario. Notably, it is dependent on the rate of growth of the economy and the initial stock of
physical capital, which in turn determines the rate at which the latter accumulates. At an annual
average GDP growth rate of 5.7%, and with an initial stock of physical capital twice the 1992 product,
the annual growth rate in total factor productivity comes out as 0.8% on average over the period 1992
to 2010. Finally, the assumption is made that there will be a hardening in external constraints. In
2010, the deficit in the trade balance will fall to 2.6% of GDP compared to 13.6% in 1992. External
prices remain unchanged. Appendix 1 contains the detailed results for this simulation.

Growth and Emissions. To describe the trends in pollution emissions with respect to
economic activity in Tunisia, the long-term pollution elasticities are calculated with respect to
production and consumption of goods and services. These elasticities are measured as the ratio of the
yearly average growth rates of polluting emissions to those of production and consumption during the
period 1992-2010 obtained in the baseline scenario. This value of elasticities represents the economic
trends in Tunisia without any change in the environmental policy, excluding pollution abatement
policy. The value of these elasticities is presented in Table 7.
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Results of this simulation shows that except TOXAIR and BOD, aggregate pollution
grows at the same level as economic production. This is because most values of these
elasticities are near to 1. For TOXAIR and BOD, an increase in production will result in a
decrease in the pollution growth. The situation in the case of consumption is not the same.
For all pollutants with an increase in consumption, it may be observed a decrease in pollution
growth. In general, it may be inferred that the baseline evolution of the Tunisian economy
will not increase environmental problems. In other words, the economic growth of Tunisian’s
economy without trade liberalization, will not accelerate the pollution emissions growth rate.
The possibilities of substitution between “clean” and “dirty” goods and services introduced in
the model, will help to obtain a stabilization of the pollution growth rate in Tunisia.

Table 7. Emission Elasticities - Baseline Scenario before Trade Liberalization
(1992-2010)

Production Consumption
TOXAIR 0.94 0.97
TOXWAT 1.00 0.96
TOXSOL 1.01 0.96
BIOAIR 1.02 0.98
BIOWAT 1.01 0.94
BIOSOL 1.01 0.96
SO: 1.00 0.96
NO: 1.00 0.96
CcO 1.01 0.95
VOC 1.01 0.96
PART 1.01 0.96
BOD 0.97 0.94
TSS 1.01 0.94

Source: Author’s calculations

Trade Liberalization and Emissions

The impact of two reforms of trade policy in Tunisia is evaluated. The first one is in
connection with the EU partnership agreement with Tunisia signed in 1995. This agreement stipulates
a product-related reductions in tariffs applied to imports of European industrial products (see Table 3A
in Appendix), between 1998 and 2010. The second reform adds to the first simulation a cut in the
tariffs applied to industrial products from the ROW similar to that implemented up to that time on
European products alone. Each of the two reforms is assessed separately in an endeavor to evaluate
and define its intrinsic impact on the Tunisian economy and its level of pollution emissions.

Aggregate macroeconomics results of the two simulations are presented in Table 8. Industrial
trade liberalization with the EU results in a 0.2% rise in real GDP between 2001 and 2010 with respect
to the baseline scenario. Both total imports and total exports increase as a result of the partnership
agreement with the EU. Exports grow by more than 1% per year between 2001 and 2010 compared
with the baseline scenario. This positive effect of trade liberalization with Europe will be augmented
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when the same cut in tariffs applied to industrial imports from the EU will be applied to imports from
the ROW. An elimination of involves all trade partners. This allows Tunisian’ s economy to reduce
or to eliminate the “diversion effects”. The positive results obtained with the two simulations come
from an increasingly large share of Tunisian domestic resources that are devoted to export activities
with comparative advantages.

Table 8. Macroeconomic Results of Three Simulations
(yearly % average 2001-2010)

Baseline LibEU LibROW
GDP 5.80 6.04 6.11
Production 5.03 5.28 5.45
Consumption 5.23 5.46 5.57
Investment 6.21 6.46 6.59
Exports 5.76 6.98 7.27
Imports 4.88 6.08 6.36
Tariffs Revenue 5.33 -4.43 -7.44
Macro- Sectoral Output
AgroFood 4.10 4.09 4.14
Extraction 4.56 3.97 4.30
Chemicals 2.61 242 4.38
Textiles -1.74 1.03 0.65
Other Manufacturing 5.48 5.36 5.57
Non Manufactured Industries 4.66 4.84 4.98
Services 7.09 7.29 7.28

Source: Author’s calculations

Table 9 indicates the new values of long-term pollution elasticities with respect to production
and consumption obtained with the two simulations related to trade liberalization in Tunisia, and
calculated during the period 1992-2010. Except in some cases (BOD in production, and BIOWAT,
BOD and TSS in consumption), aggregate pollution grows more intensively than production and
consumption in the Tunisian economy. This is the case when the value of the eclasticity exceeds the
unity.

Consider now the growth rates of output and pollution emissions by macro-sectors. Sectoral
variations in emissions both by production and consumption are presented in Table 4A (Appendix),
which indicates the average growth rate of pollutant emissions between 1992 and 2010. Growth rates
of output are presented for the three-benchmark scenarios by pollutant and by aggregate sector in
Table 5A (Appendix). For instance, it may be seen that in “unilateral trade liberalization with all
partners scenario”, the average growth rate of output in chemicals sector between 2001 and 2010 is
1.8% higher than the value in the baseline scenario and 2% higher than its level in the trade integration
scenario with Europe. The chemicals sector as previously mentioned, is the most polluting sector in
Tunisia. The changes in output growth rate in the remaining polluting sectors (Extraction and
Textiles) are quite lower than the chemicals sector. In summary, the basic observation is that Tunisia
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risks a specialization in dirty production under the two-benchmark trade scenarios explored here if no
corrective environmental policy is adopted. This is a consequence of sectoral growth rates of output in
polluting sectors and long-term emission elasticities.

Table 9: Emission Elasticities - Scenarios of Trade Liberalization in Tunisia
(1992-2010)

LibEU LibROW
Production | Consumption | Production Consumptio

n
TOXAIR 1.03 1.07 1.14 1.10
TOXWAT 1.13 1.06 1.27 1.10
TOXSOL 1.10 1.04 1.19 1.07
BIOAIR 1.06 1.02 1.11 1.03
BIOWAT 1.05 0.96 1.11 0.98
BIOSOL 1.06 1.00 1.11 1.01
SO, 1.15 1.06 1.30 1.10
NO, 1.15 1.06 1.30 1.10
CcoO 1.11 1.05 1.22 1.09
VOC 1.14 1.06 1.28 1.10
PART 1.15 1.06 1.29 1.10
BOD 0.99 0.96 1.03 0.98
TSS 1.05 0.96 1.11 0.98

Source: Author’s calculations
Decomposition of Pollution Changes

The analysis of the decomposition of emission by origin is very instructive. According to
Beghin et al. (1995), three types of effects are distinguished in the variation of emission levels: the
composition effect, the technology effect, and the scale effect. The composition effect takes into
account the modification of the proportion of polluting products in the aggregate output. The
technological effect reflects changes in pollution due to alteration in the production technology. The
scale effect describes the impact of increased volumes of output on pollution emissions.

Consider the following identity which simply states that total emission for each type of
pollutant is equal to the sum of sectoral emissions:

E=YE =YX /X,)*(E/X)*X,) 3)
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The total variation in emission levels may be measured as the sum of the mentioned three
effects by differentiating the shown identity:

aE:Z [a(Xz /X )*(Ez /Xi)+a(Ei /Xi)*Xi +a(Xt0t)*(Ei/Xtat)] “)

1

tot

Where 9 is the partial differential operator; E for total emission volume; Xtot for total output
(in real terms); Ei as the sectoral emission volumes and Xi as the sectoral output. The first part of
Equation 4 represents the composition effect. The second one represents the technological effect and
the last part, the scale effect. A similar formula is used in the case of emissions originating from final
consumption, but the technological effect is absent.

Table 6A (Appendix) displays these results for each effluent for the three-benchmark
scenarios. Note that changes in the technology component are exogenous for the production in the
baseline scenario because of capital productivity calibration, and zero for the consumption because it
is assumed there is no technological change embodied in the consumption methods (Bussolo and al,
2001).

On the production side, decomposition of the origin of pollution growth in the baseline
scenario reveals that the scale effect is dominant for all pollutants. Their share in the total emissions
growth varies between 99.4 and 112.1% of the total emissions growth in this scenario. Technological
effect measured by the decreases in the pollution intensity per unit of output, contributes only to
approximately 2% in the total emissions growth (except BIOAIR, BIOSOL and TSS, for which the
share of technological effect is less than 1%). On the consumption side, only composition and scale
effects are observed to be determinants of emissions growth. Composition effect plays a more
significant role in the evolution of pollution types in consumption than in production activity. Its
share varies between 14.5 and 20.0%.

In the benchmark scenario of trade integration with Europe, trade liberalization seems to
increase the composition effect share in the total of pollution emissions growth. This increase of the
composition effect depends on the scale effect, which decreases by the same % as the increase in the
composition effect. However, the technological effect remains at its levels as in the baseline scenario,
except for some pollutants. This includes PART, BOD and TSS pollutants, for which a very small
substitution of non-polluting inputs by polluting inputs are observed. As for the consumption activity,
trade liberalization with the EU decreases the role of the composition effect in the growth of pollution
emissions. This reveals a sensitivity to relative prices.

The impacts of unilateral liberalization of industrial imports from all partners increase the
share of composition effect in the growth of emissions. However, the share of technological effect
remains at its level in the scenario of trade integration with Europe. In both cases (trade integration
with Europe or multilateral trade liberalization with all partners), the cut in tariffs applied on Tunisian
industrial imports tends to increase the role of composition effect in the growth of emissions, but the
scale effect remains dominant as determinant of pollution emissions growth.

Alternative Environmental Policy Scenarios

Choice of Pollution Abatement Instrument
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The objective of this section is to identify the environmental instrument to be used in the CGE
model in order to implement a pollution abatement policy. Policy interventions aimed at improving
health and welfare are of many sorts, and cost-conscious governments need to estimate the relative
cost-effectiveness of different sorts of interventions. Existing literature on pollution abatement
instruments distinguish two ways used by the government and for each of them, a different objective
of economic evaluation. The first one is when the government chooses the instruments of pollution
abatement and in this case, the scope of all studies is to look at its effects or the costs of this policy,
mainly on the macroeconomic and sectoral levels. The second way is when the government fixes a
pollution emission level, and looks at the policy instruments to be used in order to achieve these
targets. In the two cases, the choice of instrument is very important.

At least two instruments may be identified: (a) technological standard and (b) pollution tax. In
this study, the pollution tax as instrument for pollution emissions abatement is used. Literature on
CGE model based on technological standard uses the notion of product differentiation. For this
purpose, the literature distinguishes mostly two categories, i.e. green product and dirty product. This
kind of model integrates a specific production and consumption function for each specific product
category. The same differentiation is introduced in the international trade specification according to
geographical origin. For more information on this kind of models, see Schubert and Zagame (1998).

In this case, and given the modeling and the calibration process of the model, the use of
pollution tax seems to be more realistic and easier.

Existing literature on ecological tax reforms in open economies tends to focus on the
following two aspects: (a) the effects of trade reforms on the environment and (b) the consequences of
environmental policies on trade flows. More recent literature examines, in a public finance setting, the
interactions between new fiscal instruments and pre-existing taxes. Trade instruments to protect the
environment 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. Taxes on effluents,
abatement subsidies, marketable pollution permits should be used in this case. Even in a second best
world, the optimal policy to abate emissions would be a targeted uniform tax per unit of pollution.
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 et al., 2000).

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 norms is 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 receive quite a bit of attention, concerns the appealing idea of tax
discrimination between ‘good things’, such as trade (or labor), and ‘bad things’, such as pollution. In
particular, the idea of tax swaps (substituting distortionary taxes' revenues with environmental tax
proceeds) suggests the possibility of generating a double dividend (less pollution and a more efficient
economy). Numerous studies have analyzed 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.

Introduction of Emission Taxes in the CGE model for Tunisia
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Pollution taxes may be generated in the model in either of two ways. It may either be
specified exogenously (in which case it is multiplied by a price index to preserve the homogeneity of
the model), or it may be generated endogenously by specifying a constraint on the level of emission.
In this study and given its objective, the latter case is adopted.

Equation 5 defines the total level of emissions for each type of pollutant p. The bulk of the
pollution is assigned to the direct consumption of goods which is the second term in the expression.
The level of pollution associated with the consumption of each good is constant, i.e. there is no
difference in the amount of pollution emitted per unit of consumption whether it is generated in
production or in final demand consumption. The first term in Equation 5 represents process pollution.
It is the residual amount of pollution in production that is not explained by the consumption of inputs.
In the estimation procedure, a process dummy has proven to be significant in certain sectors.

The remaining equations reproduce the corresponding equations in the text if a pollution tax is
imposed. This is actually endogenously calculated as the shadow price of Equation 5, once a target on
the level of emission has been exogenously specified. The tax is implemented as an excise tax, i.e. it
is implemented as a tax per unit of emission. It is 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 6, the tax adds an additional price wedge between the unit cost
of production exclusive of the pollution tax and the final cost of production. Let production be equal
to 100 (million Dinars), and let the amount of pollution be equal to 1 ton of emission per 10 million
Dinars of output. Then the total emission in this case is 10 tons. If the tax rate is equal to 25 Dinars

per ton of emission, the total tax bill for this sector is 250 Dinars. In the formula below, 37 is equal

to 0.1 (ton per million Dinars), XP is equal to 100 (millions Dinars), and 7 Foll js equal to 25 Dinars.

The consumption based pollution tax is added to the Armington price (see Equation 7). However, the
Armington decomposition occurs using basic prices, therefore, the taxes are removed from the
Armington price in the decomposition formulae (see Equations 8 and 9). Equation 10 determines the
modification to the government revenue equation.

E, =Y B/XP+3Y YajC  +YofX/ e (5)
i i J J

PPXP, = PX XP, +Y B! xpPt™ (6)
»
P4, =[B! PD" + M 1D 1Y e, %)
XD, = B [(P4, =Y alt™") /PDZ. Jx4, p (8)
XM, = B [(PA, —pz(x;’rf’"”) /PMI. x4, 9)
GRev=MiscRev-:Taxh +ZTP””EP (10)
>

The Effects of Pollution Abatement Policy on Growth in Tunisia

This section deals with the evaluation of the impact of the various pollution abatement policies
which might be envisaged by Tunisia as part of a new economic policy aimed to protect environment
and increase benefits from pollution reduction. As previously explained, pollution taxes directly
targeted to affect polluting agents behavior in order to reduce environmental damage, but they may
have some costs in terms of economic growth. For an exogenous reduction rate in emission volumes,
the model endogenously calculates the tax rate. The result is analogous to the implementation of
tradable pollution rights where the equilibrium price of these rights is equal to the applied tax (Bussolo
et al., 2000).
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The gradual reduction of pollution emissions between 2001 and 2010 is simulated in addition
to trade liberalization of industrial products between Tunisia and the EU. This scenario seems to be a
more realistic trend of evolution of the Tunisian economy. Specifically, the environmental policy
adopted here, calls for phasing in a 25% reduction with respect to the baseline scenario without trade
liberalization. The phasing entails sequential reductions of 10% in 2001, 15% in 2004, 20% in 2007,
and 25% in 2010

The results of the 13 simulations combined trade liberalization with Europe and reduction of
emissions of each pollutant are compared with the benchmark scenario of trade integration with
Europe and baseline scenario. In other words, the average annual growth rate of the macroeconomic
ratios in the environmental scenario is compared to the trade integration and baseline scenarios. The
main advantage of coordinated reforms is to combine efficiency gains from free trade with distortions
implemented to achieve second-best environmental objectives.

Table 10. Results of Air Pollutants Abatement on Macro variables and Sectoral
Production Growth Rates (yearly % average in the period 2001-2010)

Baselin Inteng%%lrel with PART | SO, | NO, | vOC | CO | TOXAIR | BIOAIR
Macro Variables
Real. GDP 5.80 6.04 6.03 583 | 593 | 6.04 | 6.02 6.03 5.90
T. Consumption 5.23 5.46 5.44 536 | 538 | 545 | 5.45 5.42 5.35
T. Investment 6.21 6.46 6.25 634 | 638 | 6.46 | 6.45 6.45 6.35
T. Exports 5.76 6.98 6.93 688 | 692 | 697 | 6.95 6.90 6.60
T. Imports 4.88 6.08 6.05 6.00 6.01 6.08 6.06 6.05 5.94
Sectoral Production
AgriFood 4.10 4.09 410 | 410 | 410 | 4.09 | 411 4.10 4.12
Extraction 4.56 3.97 382 | 395 | 3.94 | 385 | 3.95 3.95 3.80
Chemicals 2.61 2.42 225 | 228 | 238 | 235 | 238 2.40 2.10
Textiles -1.74 1.03 102 | 1.05 | 1.04 | 1.04 | 1.04 1.02 1.10
Other Manufacturing | 548 5.36 525 | 535 | 535 | 538 | 5.28 5.34 5.30
Non. Man. Industries |  4-66 4.84 489 | 490 | 485 | 4.85 | 475 4.79 4.85
Services 7.09 7.29 722 | 730 | 7.18 | 7.18 | 7.25 7.29 7.23

Source: Author’s calculations
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Table 11. Results of Water and Land Pollutants Abatement on Macro variables and
Sectoral Production Growth Rates (yearly % average 2001-2010)

Trade TOX
Baseline | Integration| BOD | TSS BIOWAT | TOXSOL | BIOSOL
) WAT
with EU

Macro Variables

Real. GDP 5.80 6.04 6.04 5.85 6.02 6.03 6.00 5.60

T. Consumption 5.23 5.46 545 |545 540 |[5.41 5.35 5.25

T. Investment 6.21 6.46 6.39 6.40 6.40 6.39 6.36 6.29

T. Exports 5.76 6.98 6.93 6.63 6.83 6.95 6.80 6.45

T. Imports 4.88 6.08 6.05 5.85 6.06 6.04 6.02 5.72
Sectoral Production

AgriFood 4.10 4.09 4.10 4.13 4.11 4.09 4.10 4.15

Extraction 4.56 3.97 395 348 3.78 3.88 3.75 3.25

Chemicals 2.61 2.42 2.40 2.25 2.35 2.39 2.27 2.05

Textiles -1.74 1.03 1.04 1.20 1.04 1.04 1.05 1.15

Other 5.48 5.36 5.34 5.26 5.34 5.33 5.32 5.12
Manufacturing

Non.Man. 466 | 484 479 472 |480 |481 475 4.63
Industries

) 7.09 7.29 7.26 7.18 7.20 7.25 7.17 7.12
Services

Source: Author’s calculations

Tables 10 and 11 elucidate the economic consequences of the abatement policies. The most
significant insight here concerns the negligible aggregate cost (negative) of pollution in terms of
forgone real average growth rate of GDP between 2001 and 2010 for most simulations, except for four
among them. These include SO,, BIOAIR, TSS and BIOSOL for which average annual growth rate of
GDP sharply went down by about 0.2% compared with the trade integration with the EU scenario.
The marginal effects on economic growth observed in most pollution abatement simulations may be
explained by three major reasons. The first is related to the fact that these policies seem to affect
productive resources (capital and labor) from more to less polluting activities. This first reason
represents the composition effect, which plays an important role in this process. In fact, some sectors
reduce their output and consequently their factor demands; other industries expand and take advantage
of the non-polluting resources released by the contracting sectors.

The second reason is related to the substitution possibilities among inputs, where an increase
is observed in the use of less polluting inputs compared with more polluting ones. These changes in
the structure of the inputs used in the production activities, represent the process towards the
implementation of cleaner technologies with more labor and capital and cleaner energy sources.

The third reason is about the distribution scheme of the new taxes’ revenue generated by the
green taxes. These taxes according to the closure feature of this model, are used by the government to
reduce its budget deficit and then to reduce the VAT rate used by this model as the instrument to
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substitute the loss generated by the free trade agreement with the EU on tariffs revenue. This decrease
in VAT rate applied in Tunisia, reduces the rate of taxation in the economy and consequently,
productive activities become more competitive. In other cases, and if the emission taxes were to be
redistributed to households for example, the economic cost of environmental policies becomes higher
in Tunisia as result of the VAT high level.

The major consequence of pollution abatement policies is to reduce production generated by
more environmental polluting activities (e.g. Extraction, Chemicals, Other Manufacturing) and to
increase production of activities less polluting (e.g. AgriFood, Textiles, Non-Manufacturing, and
Services). This is the immediate result of pulling resources from polluting to less or nonpolluting
sectors. As may be observed in the detailed results of these simulations, the changes in the average
annual growth rates in production are not considerable. In the more detailed industrial classification,
the changes are more significant, especially in the polluting sectors such as chemicals and extraction.

To summarize, the economic results indicate that the potential exists for significant reduction
of pollution in many effluent categories,without seriously compromising economic growth objectives,
except for SO,, BIOAIR, TSS and BIOSOL. To do this however, and as Bussolo et al. (1999) suggest,
it would entail appreciable changes in the composition of domestic production, employment, and other
resource allocation, which may lead to policy challenges in the Tunisian social and political agenda.

Conclusion and Policy Implications

The Kyoto Protocol to the United Nation Convention on Climate Change signed in Kyoto in
December 1997 sets goals for emissions reduction for countries included in Annex I (Footnote 1),
which includes mainly developed countries. Non Annex I countries (mainly developing countries), do
not need to abide to any emission reductions. However, the protocol devised an emissions trading
framework that would allow countries (mainly Annex I) to invest in GGHG reduction projects in other
countries (non Annex I), and share part of the emissions credits (Cifuentes et al., 2000). It is common
knowledge however, that in order to stabilize the global concentrations of GHG, it is necessary for all
countries, including developing countries, to reduce emissions. However, within the existing
framework, it is not clear for a developing country if it is beneficial to enter voluntarily in an emission
reduction scheme or not. In addition, for most developing countries, there is a range of higher priority
development like poverty and unemployment reduction, improve growth and exports, and exports
diversification. In these countries, governments may be hesitant to consider any emission abatement
policies, justified by their beliefs on the significant economic costs related to the adoption of such
policies.

Recently, a number of studies has focused on the direct and ancillary benefits of reduced
emissions. Most of these studies highlight the public health benefits of reduced emissions of air
pollutants and energy saving mechanism. Other studies have looked at damages, notably crop damage,
forest damage and materials damage caused by emissions. On the basis of these studies, the
possibility of reaping direct and ancillary benefits from pollution abatement are generally accepted®.

This paper has analyzed the economic implications of pollution abatement policies for
Tunisia in the context of trade liberalization. Empirical results show the impacts of trade liberalization
on pollution emissions and pollution abatement policies on the Tunisian economic growth. Economic
integration of Tunisia with the EU would lead to an increase in pollution and environmental
degradation. The pollution elasticities with respect to production and consumption increase as result
of trade liberalization with the EU. The extension of the abolition of tariffs on industrial products

(6) For a survey of thess studies and their estimations of the benefits of pollution abatement policy, readers may refer to the
Proceedings of the Workshop on the Ancillary Benefits and Costs of Green House Gas Mitigation Strategies, Resources
for the Future, Washington D.C., 27-29 March 2000.
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imported from the EU increases the long-term elasticities of pollution. Trade liberalization seems to
attract productive resources to polluting or “dirty” activities. This appears on the composition of the
pollution growth in Tunisia where the technological effect increases between the baseline scenario and
benchmark scenarios with trade liberalization. However, the scale effect remains dominant as
determinant of pollution emission growth in Tunisia.

The economic implications of pollution abatement policies for Tunisia show that Tunisia may
achieve pollution reduction targets (25% reduction in 2010 compared to the level of pollution emission
in 2001) without seriously compromising economic growth objectives. This negligible negative
effects on growth may be explained by the changes in the composition of domestic Tunisian economic
activity, where productive resources are easily shifted from more to less polluting activities. These
results may also be explained by the substitution of more to less polluting inputs. An example is the
case of petroleum and electricity. Environmental policy reforms that target emissions linked to the
utilization of polluting goods (in either intermediate or final use), are the best ways to achieve
pollution mitigation. Furthermore, free trade and trade integration represent important sources of
growth opportunities. When combined with appropriate environmental policies, it may raise material
living standards in Tunisia and reduce environmental degradation.

However, extensions of the present work are manifold and necessary. These extensions may
be operated at many levels. Firstly, it would be desirable to have an estimation of pollution
coefficients specific to the economic activity in Tunisia to re-estimate the economic impacts of
pollution abatement. Following should be an analysis of the difference in these results when the IPPS
method or specific data for pollution in Tunisia are used. In addition, the technological effect is
ignored in the estimations of emission coefficients, which remains constant before and after trade
liberalization. Generated alternative estimates in which emission coefficients are allowed to vary with
trade liberalization, may provide more realistic results of the economic impact of pollution abatement
in the context of trade liberalization.

Secondly, it may be desirable to expand the model to include measurable ancillary effects
mainly on public health and crop yield effects, as has been done by Chemingui et al. (2001) for India
and Bussolo and O’Connor (2001) for China. This allows the estimation of the net effect of pollution
abatement in Tunisia taking into account economic costs and direct and ancillary benefits of such
policies.

The last aspect of extension of the present work is related to dynamic features of the CGE
model used. Agents are assumed to be myopic and to base their decisions on static expectations about
prices and quantities. The introduction of emission taxes may affect agents’ decision on investment
and consumption. The introduction of agents anticipations about taxes seem to be a significant issue
in the analysis.
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Table 1. Production Dummies — Emission Coefficients (pounds per thousand TD)

Agri (15 activities)
Livestock

Forestry

Fishing

Meat

Milk

Flour-milling

Edible Qils

Canned Goods
Sugar

Other food products
Beverages

Mining and quarrying
Steel-Making

Metals

Agricultural Machinery
Transport materials
Electrical Materials
Electronic Materials
Household Equipment
Chemicals

Yarn

Carpets

Clothing

Leather

Wood Industry
Paper industry

Plastics
Other Manufactured
Products

Petroleum Oil and Gas
Electricity

Water

Other services

TOXAIR ToxwaT TOXSOL BIOAIR BIOWAT BIOSOL SO, NO-

0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
4250.1  5239.97  30922.1 80.7583  4.47779 1731.17 4362.931899.16 6924.15 3818.79 608.942 30
0 0 0 0 0 0 0 0 0 0 0
0 0 3042.68  42.6902 0 354.314 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
4907.8  13955.2  12264.2 0 0 0 15076.99250.22 5471.18 9551.17 2540
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
510.055 2446.52 0 0 0 0 0 0 0 0 0
9038.41 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0

CO VOC PART BOD TSS
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Table 2. Consumption Emission Coefficients (pounds per thousand TD)

w

TOXAIR TOXWAT TOXSOL BIOAIR BIOWAT BIOSOL SO, NO, CO VOC PART BOD T
0 0 0 0

o
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Livestock

Forestry

Fishing

Meat

1. Ea 0
Flour-milling

Edible Oils

Canned Goods

Sugar

Other food products
Beverages

Mining and quarrying
Steel-Making

Metals

Agricultural Machinery
Transport materials
Electrical Materials
Electronic Materials
Household Equipment
Chemicals

Yarn

Carpets

Clothing

Leather

Wood Industry

Paper industry 85.42 145

Plastics
Other Manufactured
Products

Petroleum Oil and Gas
Electricity

Water

Other services
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Table 3. Planned Removal of Tariffs on Imports from the EU (%)

1995 1998 2001 2004 2007 2010
Meat 64 64 64 64 64 64
Milk 55 55 55 55 55 55
Flour-milling 35 35 35 35 35 35
Edible oils 29 28 27 25 25 25
Canned goods 39 39 39 39 39 39
Sugar 18 18 17 17 17 17
Other food products 214 211 202 193 192 191
Beverages 49 49 49 46 44 41
Mining and quarrying 31 27 20 10 5 0
Steel-making 18 13 7 1 1 0
Metals 33 28 23 14 7 0
Agricultural machinery 14 7 5 3 1 0
Transport materials 34 31 23 14 6 0
Electrical materials 17 9 6 3 1 0
Electronic materials 25 13 9 4 2 0
Household equipment 48 42 35 22 11 0
Chemicals 24 20 12 3 2 0
Yarn 5 5 4 3 1 0
Carpets 69 62 48 30 21 12
Clothing 2 2 2 1 0 0
Leather 5 5 4 2 1 0
Wood industry 33 31 26 16 8 0
Paper industry 28 25 22 14 7 0
Plastics 29 24 15 7 3 0
Other manufactured products 8 7 5 3 1 0

Source: Chemingui and Dessus (2001).
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Table 4. Average Annual Growth Rate of Sectoral Emissions by Production and Consumption 1992-2010

(in %)
Baseline Lib EU Lib ROW

PO-IFI;/J‘t)aent Production Production Production

AgFo. Extr. Chem. Text. O.Man N.Man Serv. AgFo. Extr. Chem. Text. O.Man N.Man Serv.| AgFo. Extr. Chem. Text. O.Man N.Man Serv.
TOXAIR 45 5.1 54 16 72 61 75||144 53 7.3 1.2 7.8 65 75| 44 57 91 09 80 66 74
TOXWAT 42 5.1 54 30 71 60 64|42 53 7.3 2.6 7.7 64 64| 42 57 91 23 78 6.5 64
TOXSOL 4.3 5.1 54 29 6.7 62 58|42 53 7.3 2.5 7.3 66 58| 42 57 91 23 75 6.7 58
BIOAIR 52 5.1 54 20 64 6.2 52|52 53 7.3 1.6 6.8 65 52| 52 57 91 13 69 6.7 52
BIOWAT 57 5.1 54 24 51 63 44|57 53 7.3 2.0 53 6.6 43| 57 57 91 18 55 6.7 43
BIOSOL 53 5.1 54 21 60 6.2 48|53 53 7.3 1.8 6.3 66 48| 53 57 91 15 64 6.7 4.8
SO, 40 5.1 54 31 73 6.0 66||39 53 73 2.7 80 6.3 66| 40 57 91 24 82 64 6.6
NO, 40 5.1 54 31 74 59 66|39 53 73 2.7 81 6.2 66| 40 56 91 24 83 6.3 6.6
co 41 51 54 31 68 6.2 6.1 40 53 7.3 2.6 7.3 65 61| 40 57 91 24 74 6.7 6.1
\Yele 49 51 54 31 73 60 65|49 53 7.3 2.7 80 64 65| 49 57 91 24 81 65 65
PART 4.0 5.1 54 31 72 59 66|39 53 7.3 2.7 78 63 66| 40 57 91 24 79 64 6.6
BOD 48 5.1 54 23 55 6.3 44|47 53 7.3 2.0 53 66 43| 47 57 91 18 54 6.7 43
TSS 5.7 5.1 54 24 51 63 44|57 53 7.3 2.0 53 6.6 43| 57 57 91 17 55 6.7 43

Consumption Consumption Consumption

AgFo. Extr. Chem. Text. O.Man N.Man Serv. AgFo. Extr. Chem. Text. O.Man N.Man Serv.| AgFo. Extr. Chem. Text. O.Man N.Man Serv.
TOXAIR 0 54 55 0 57 0 0 0 56 6.2 0 65 O 0 0 57 65 0 67 O 0
TOXWAT 0 54 55 0 55 0 0 0 56 6.2 0 61 O 0 0 57 65 0 63 O 0
TOXSOL 0 54 55 0 57 0 0 0 56 6.2 0 62 O 0 0 57 65 0 63 O 0
BIOAIR 0 54 0 0 57 0 0 0 58 O 0 62 O 0 0 57 O 0 63 O 0
BIOWAT 0 54 0 0 0 0 0 0 56 O 0 0 0 0 0 57 O 0 0 0 0
BIOSOL 0 54 0 0 57 0 0 0 58 O 0 62 O 0 0 57 O 0 63 O 0
SO, 0 54 55 0 0 0 0 0 56 6.2 0 0 0 0 0 57 65 0 0 0 0
NO, 0 54 55 0 0 0 0 0 56 6.2 0 0 0 0 0 57 65 0 0 0 0
co 0 54 55 0 0 0 0 0 56 6.2 0 0 0 0 0 57 65 0 0 0 0
\Yele 0 54 55 0 0 0 0 0 56 6.2 0 0 0 0 0 57 65 0 0 0 0
PART 0 54 55 0 0 0 0 0 56 6.2 0 0 0 0 0 57 65 0 0 0 0
BOD 0 54 0 0 0 0 0 0 56 O 0 0 0 0 0 57 O 0 0 0 0
TSS 0 54 0 0 0 0 0 0 58 0 0 0 0 0 0 57 O 0 0 0 0

36



Table 5. Annual Growth Rate of Production in the Three Benchmark Scenarios (2001-2010 in %)

Baseline Lib EU Lib ROW Baseline Lib EU Lib ROW
AgriFood 4.2 4.1 4.1 Paper industry 5.8 5.3 5.3
Mining and quarrying 5.1 5.2 5.6 Plastics 6.5 6.5 6.9
Steel-making 4.0 3.7 3.8 Other manufactured products 7.3 7.7 7.8
Metals 6.7 6.4 6.6 Petroleum oil and gas 0.3 0.3 0.3
Agricultural machinery 6.3 5.9 5.9 Electricity 4.0 4.2 4.6
Transport materials 6.3 5.7 5.7 Water 4.0 4.1 4.2
Electrical materials 6.1 8.0 8.5 Construction 6.3 6.6 6.7
Electronic materials 3.0 3.6 3.9 Commerce 6.1 6.4 6.6
Household equipment 6.1 6.1 6.2 Transport 7.2 7.2 7.2
Chemicals 5.4 7.2 9.0 Communication 7.5 7.7 7.6
Yarn 3.5 3.0 2.8 Hotels and restaurants 6.5 6.4 6.4
Carpets 7.3 7.1 71 Finance 6.9 7.0 7.2
Clothing 1.5 1.1 0.7 Real estate 9.5 9.6 9.6
Leather 13.2 15.8 15.8 Repairs 8.6 8.8 8.8
Wood industry 6.3 6.1 5.9 Health 7.7 7.7 7.8
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Table 6. Emission Growth Decomposition (%)

Pollutant Type Baseline scenario Lib EU Lib ROW
With Respect to Production
Tech Scale Comp Tech Scale Comp Tech Scale Comp
TOXAIR -13.9 1.8 112.1 54 2 92.6 21.6 1.8 76.6
TOXWAT 0.2 1.8 98 19.3 1.9 78.7 34.9 1.7 63.4
TOXSOL 0.5 1.5 98 18 1.7 80.3 32.8 1.5 65.6
BIOAIR 4.4 0.4 95.2 13.4 0.9 85.7 22.5 1.0 76.5
BIOWAT 0 2.0 98 13.6 1.5 84.8 27.2 1.2 71.6
BIOSOL 2.2 0.6 97.2 13.6 1.1 85.3 24.9 1.1 73.9
SO, 0 2.1 97.9 20.8 2.1 77.1 37 1.8 61.3
NO, -0.3 2.2 98.1 20.9 2.0 77.1 37.2 1.7 61.1
CcO 0.7 1.7 97.6 18.9 1.8 79.3 34 1.6 64.4
vOoC 1.4 1.8 96.8 20.1 1.9 78 353 1.6 63.1
PART 0.9 1.9 97.2 20.6 2.1 77.3 36.3 1.6 62.1
BOD -5.7 0 105.7 -1.7 0.8 100.8 3.9 0.8 95.3
TSS -0.3 0.9 99.4 13.8 1.3 84.9 27.3 1.3 71.4
With Respect to Consumption
Comp Tech Scale Comp Tech Scale Comp Tech Scale

TOXAIR 13.7 0.0 86.3 26.7 0.0 73.3 34.3 0.0 65.7
TOXWAT 18.1 0.0 81.9 46.1 0.0 53.9 60.2 0.0 39.8
TOXSOL 17.8 0.0 82.2 40.8 0.0 59.2 54.0 0.0 46.0
BIOAIR 16.8 0.0 83.2 21.5 0.0 78.5 24.6 0.0 75.4
BIOWAT 20.0 0.0 80.0 20.0 0.0 80.0 33.3 0.0 66.7
BIOSOL 16.1 0.0 83.9 21.9 0.0 78.1 26.8 0.0 73.2
SO, 19.0 0.0 81.0 49.2 0.0 50.8 63.7 0.0 36.3
NO, 18.8 0.0 81.3 50.0 0.0 50.0 63.7 0.0 36.3
CO 17.6 0.0 82.4 46.2 0.0 53.8 60.3 0.0 39.7
voC 19.2 0.0 80.8 48.8 0.0 51.2 63.6 0.0 36.4
PART 154 0.0 84.6 50.0 0.0 50.0 64.3 0.0 35.7
BOD 0.0 0.0 100.0 25.0 0.0 75.0 25.0 0.0 75.0
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TSS 14.5 0.0 85.5 23.2 0.0 76.8 31.5 0.0 68.5

39



	العدد الرابع -2.pdf
	v4_n2_a1.pdf
	v4_n2_a2.pdf
	v4_n2_a3.pdf

	full V4-N1-2.pdf
	v4_n2_e1.pdf
	v4_n2_e2.pdf
	v4_n2_e3.pdf


