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Albstract

The double dividend hypothesis contends that environmental taxes have the potential to yield multiple benefits for the economy.
However, empirical evidence of the potential impacts of environmental taxation in developing countries is still limited. This paper
seeks to contribute to the literature by exploring the impact of a water tax in a developing country context, with Uganda as a case
study. Policy makers in Uganda are exploring ways of raising revenue by taxing environmental goods such as water. \Whereas
their primary focus is to raise revenue, we demonstrate how taxes on environmental goods can Vield other benefits beyond
addressing a country s fiscal needs.

This study employs a computable general equilibrium model to shed light on the impact of a water tax policy when a tax is
accompanied by a recycling scheme of the same magnitude. We seek to establish whether taxation and recycling can induce
more growth, employment and industry output. The results show that a mechanism which leaves a neutral fiscal balance yields
dividends for the economy. In other words, whatever the degree of regressivity resulting from the environmental tax, it is possible
to design a recycling scheme that renders the tax policy to be beneficial to the economy.
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1 Introduction

Anumber of developing countries are experiencing both economic and environmental challenges. Similarly, the ability for these
countries to pursue their development goals is often inhibited by a lack of resources. In order to realize their goals, several countries
have employed a combination of measures which have instead altered their pattemns of production and consumption, leading to
substantial economic costs. This has necessitated the need to put into place measures that are capable of minimizing the costs of
environmental regulation while achieving the desired economy-wide behavioral changes [Yusuf et al. (2007)]. As a resullt,
policy-makers are increasingly paying attention to the potential for incentive-based environmental regulation, ie., through
economic instruments. This is because this approach has the potential to generate additional govemment revenues —in the form of
environmental tax receipts or the proceeds of auctioned emissions trading allowances, depending on the setting. This has led to the
need to develop a closer link between environmental policy and tax policy [Fullerton (2008)]. This need is bome out of the
recognition that on the one hand, the nevw government revenues may provide an opportunity for tax reform. On another hand, the
availability of environmental taxes alters the constraints and costs of a prevailing tax policy. Specifically, the new taxes in addition
to the existing ones may have a distortionary impact on the labour and capital markets.

11 Problem staterment

There is evidence in the literature which suggests that an environmental tax policy generates revenues which can be used to
reduce other distortionary taxes and thus produce benefits in addition to those that result from the reduced water use or emissions.
Several arguments have been put forward in relation to the use as well as benefits and costs of environmental policy in several
countries [see Goulder (1995); Brouwer et al. (2008); Tol et al. (2008); Zhou and Segerson (2012) and Katri (2012)]. However,
the potential for the existence of dividends cannot be taken for granted. For instance, the replacement of part of the politically
sensitive taxes like labor income tax with environmental taxes may be seen as an environmentally attractive way of increasing the
potential for labor demand thereby by creating employment. In fact, such tax reforms have been proposed and implemented in
several countries [Letsoalo et al. (2007); Patuelli et al. (2005)]. However, some economists have been more skeptical about the
potential gains from such interventions and as a consequence, the issue has become a subject of extensive research [see Schéb
(2009); Zhou and Segerson (2012)].

Given the lack of consensus regarding the impacts of environmental taxation, this study is worth undertaking. In addition, there is
limited emypirical evidence about the effects of imposing such taxes in developing economies. There is therefore the need to
contribute to this limited evidence for the case of developing countries. This is critical since it is these developing countries thet are
faced with the challenges of managing environmental resources as well as constraints to sources of revenue mobilization.
Furthermore, there is limited use of environmental taxes both revenue generation as well as environmental management. In fact,
the quest for revenue generation has instead led to the impasition of a number of taxes some of which may be distortionary to the
economy. Itis for this reason that a developing economy like Uganda provides an interesting case stuidy since most of the existing
studies are based on developed and middle income economies [see e.g., Van Heerden et al. (2006); Letsoalo et al. (2007);
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Blignaut et al. (2008) for South Africa; Diao and Roe (2003) for Morocco; Brouwer et al.(2008) and Pulido-Velézguez et al.
(2008) for Europe]. In line with the developments in the economic and environmental policy arena, this paper seeks to analyze
the impact of a tax on water in a developing country context with Uganda as a case study. This study is timely given the fact that
during the 2013/14 fiscal year, the Ministry of Finance Planning and Economic Development (MFPED) proposed to apply a
Value Added Tax onwater. This tax measure was aimed at improving tax administration and generating revenue [See MFPED,
Budget Speech (2013), page 44]. Since the use of environmental tax instruments has not been a common policy measure in
Uganda, the proposed intervention constitutes an interesting policy research issue that is worth investigating. The study is aimed at
investigating the benefits of environmental taxation beyond revenue generation. It is critical to undertake a study that assesses the
impact of such an intervention from an economy-wide perspective.

12 Contribution

The study seeks to make a number of contributions to both literature and policy with regard to the issue under investigation. First,
there is empirical evidence to suggest that taxes on water resources can yield multiple benefits for the economy if implemented on
the basis of equity [See eg., Rosegrant et al. (2002); Van Heerden et al. (2006); Letsoalo et al. (2007) and Blignauit et al. (2008)].
However, the economy-wide impacts are most likely to vary depending on the context and cannot therefore be known apriori
[EEA (2011)]. Inthis regard, policymakers need to understand these impacts in order to balance betvween the need to maximize
the aggregate gains from these tax reforms and the rights to equitable sharing of the associated costs and benefits.

Second, water resources are increasingly becoming stressed in terms of quantity and quility across the globe. These strains are
emanating from economic activity, demographic trends as well as severe changes in climate [Bates et al. (2008); Tol etal. (2008)].
Projections indlicate increased rainfall in high altitudes, and decreased rainfall in the low lying areas [IPCC (2001)]. In addition, the
increase in temperatures implies larger water demand and higher rates of evaporation, all of which combine to aggravate the
problem. In Uganda, changes in climatic conditions are being experienced through increased rainfall volatility across seasons and
rising temperatures [FEWSNET (2012)]. These changes in climate have implications for future water resources availability with
ramifications for poverty reduction, employment and food security [Rosegrant etal. (2007)].

Whereas the adverse effects of these climatic changes have become central to the debate on issues of long-term global, social and
economic stability, the policy interventions in Uganda do not seem to be paying adequiate attention to the long term impact of
water resource availability from an economic point view. In fact, most of the existing studies on water resources in Uganda have
focused mostly on hydrological aspects. This is despite the fact some of the country’s economic challenges seem to be emanating
from developments in the water sector [See MFPED (2011), p.80]. Amidst these challenges, Uganda has a sulbstantial volume of
water resources that could be utilized to mitigate the water related challenges in the economy. For instance, approximately 25
percent of country’s surface area is covered by fresh water sources [DWRM (2011)]. However, critical sectors such as agriculture
are still rainfall dependent. This is largely because the existing infrastructuire to ensure optimal water use is limited. It is therefore
critical that measures are put into place to hamess resources that can be used to finance the development and expansion of water
infrastructure. In this regard, a tax on water may therefore be one of the options.
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The framework for analysing interventions which are aimed at efficient management of water resources through taxation has its
foundations in Pigou (1920). Proponents of the use of environmental taxes argue that they are efficient instruments not only for
protecting the environment but for generating other benefits for the economy. This is referred to as “double dividends” in the
literature. This study therefore seeks to add to the existing empirical evidence by assessing the possibility of the existence of
“double dividends” in the case of Uganda. The hypothesis asserts that economies stand to gain from the imposition of
environmental taxes through environmental conservation, revenue generation, employment, poverty reduction, and overall
economic growth via the “revenue recycling”” effects. Pearce (1991) and Oates (1995) argue that an environmental tax has the
likelihood of conserving the environment as well as generate revenue that can be used to reduce other distortionary taxes on
employment, investment and consumption. In fact Schob (2009) argues that tax related policy interventions are superior to other
environmental policy instruments, such as command and control. In addition, there are other benefits that accrue if some of the
realised tax revenue is invested in the provision of safe water. For example, the expansion of piped water infrastructure in
Argentina during the 1990s reduced child mortality by 8 percent [Galiani et al. (2005)). Other studies find that access to safe water
reduces childhood expasure to pathogens in drinking water which may improve long-run health and educational outcomes
[Venkataramani (2009)].

This paper therefore seeks to investigate the impact of a tax on water on the Ugandan economy because there is the need to
investigate whether environmental taxes can generate positive impacts in a developing country. Whereas related studies exist,
these are limited and have been undertaken in different contexts and motivations. Some studies have been undertaken for
developed or upper-middle income countries [see e.g., Van Heerden et al. (2006); Letsoalo et al. (2007); Blignaut et al. (2008) for
South Aftica; Diao and Roe (2003) for Morocco; Brouwer et al.(2008) and Pulido-Velazquez et al. (2008) for Europe]. Other
studies have focused their investigation on a global scale [See Berittella et al. (2007) and Tol et al. (2008) in their analysis of the
impact of tax on water on production, consumption, and intemational trade pattems]. Others focus on optimal water use in
specific sectors [ see Berrittella et al. (2007); Blignaut et al. (2008); and Wittvwer (2011)] while others have been carried out under
situations of water scarcity [See Letsoalo et al. (2007); Calzadilla et al. (2008); Calzadilla etal. (2010) and Qinetal. (2012)].

This study seeks to analyse the impact of an environmental tax first, with the view to assess its feasibility as a revenue mobilization
tool. This is aimed at forming a basis for the future use of related policy instruments to generate revenue for the economy. Second,
the study is aimed at investigating whether a tax is an effective instrument for environmental regulation to the extent thet it can
induce efficient water use. This is bome from the fact that whereas the country has sufficient water in the immediate term,
projections show that it might not be the case in the long term [See MWE (2009)]. As water becomes scarce, intenventions are
needed to economize on its use. In most developing countries, the mechanisms for efficient utilization of water are largely absent.
These range from small scale and obsolete irrigation infrastructure to the low levels of water charges. These do not encourage
efficient use [Seckler et al. (1998) and Tol et al. (2008)]. It is therefore argued that a tax would increase the price of water which in
tum, would lead to the adoption of efficient ways of utilizing it [See e.g., Dinarand Yaron (1992)].
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Third, some studies use partial equilibrium models in order to assess the impact of water resource policies on the economy [See
Rosegrant et al. (2002); Sahibzada (2002); Gopalakrishnan and Cox (2003) and De Fraiture et al. (2004)]. These do not provide
adequate analysis of issues whase impacts are bound to be economy-wide [Faust et al. (2012)]. Some studies use Input-Output
models to analyze the impact of water resource policies on the economy [Delgado, et al. (1998); Hassan and Olbrich (1999);
Rose et al. (2000); Bautista et al. (2002) and Juana and Mabugu (2005)]. Whereas I-O models provide for a general equilibrium
environment in which one can trace the multiplier or feedback effects in order to perform distributional impact analysis, these
models lack the standard statistical properties [See Leontaritis and Billings (1985); Duchin (1992) and Miller and Blair (2009)]. In
addition, the linearity assumption of basic input-output models and the absence of market and price considerations make them to
be less favorable. Some studies assess the impact of policies using virtual water [Allan and Olmstead (2003)]. Others use globel
models to assess the impact water resource policies on the economy [See Seckler et al. (1998); Alcamo et al. (2000); Yang etal.
(2003) and Berrittella et al. (2007)]. Given the aggregation and assumptions which are made when developing such models, their
accuracy may be questionable. Those that use CGE models moastly focus on the impact of water resource policies on specific
sectors of the economy [Decaluw et al. (1999); Diao and Roe (2003); Van Heerden et al. (2006)] or regions of the economy in
some cases [see e.g., Goodman (2000); Gomez et al. (2004)].

Inthis paper, we use a CGE model that has been specially developed using Ugandan data to analyze the impact of a tax on water
on the Ugandan economy. A specially developed computable general equilibrium model is used to investigate the economy-
wide feedbacks and the welfare implications of the proposed tax intervention. The rest of the paper is organized as follows:
Section 2 provides an over view of the developments in water sector in Uganda and the associated social-economic trends,
section 3 highlights the key issues in the literature with respect to the double dividend hypothesis, while the analytical framework
and data issues are discussed in section 4. Simulation results are presented in section 5, followed by the discussion in section 6.
Section 7 presents the emerging issues arising from the study.

2. The Water sector and Uganda’s economy

Discussions of water issues regularly highlight the importance of water for food security and public health as well as its
contribution to the transformation of agro-based developing economies. Water related policies have therefore become central on
the agenda of the intermational community [Chumi and Dudu (2008)]. For instance, among the targets for the Millennium
Development Goals is MDG 7 which seeks to ensure environmental sustainability [United Nations (2007)]. The target is to
ensure “reduction by half, the proportion of people without sustainable access to safe drinking water and basic sanitation by
2015”. Haller et al. (2007) in their study of the economic retums on investments in water supply and sanitation indicate thet every
USS$1 spent on water supply and sanitation services yields an economic retum of approximately 5-46US$, with the highest
retums going to the least-developed areas. Much of this additional income accrues from the time saved by having reliable water
supply close to the household [Hunter et al. (2010)]. Studies show that inadecuiate water supply is a contributor to many deaths in
children under 5 years [Prilss and Havelaar (2001); Fewtrell et al. (2005)].
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Studies also show that investrment in water can induce a reduction in poverty [Hanjra and Gichuki (2008)]. It can therefore be
argued that adequiate watter and sanitation is an essential prerequisite for economic development. Poor countries with access to
improved water have been cited to experience an average annual growth of 3.7%. On the other hand, countries with the same per
capita income but without such access have an annual growth rate of only 0.1% [SIWI (2005)]. In Uganda, water is central to
supporting production across different sectors of the economy [MWE (2009)]. In developing countries, constraints to water
supply, whether for productive or domestic uses, are shown to have direct and adverse impacts on livelihoods [Grey and Sadoff
(2007) and Hunter et al. (2010)]. This relationship between water resources and the economy is demonstrated by the Ministry of
Water and Environment in an analysis of the effects of droughts on the agricultural sector [DWRM (2011)]. In periods of
drought, all crops in the nine distinct farming systemns in the country experience a moisture deficit ranging from 128-251m? for
perennial crops and 128-242m? for non-perennial crops. Hence, any sustained period of drought can have adverse effects on the
economy.

Several studies urge the need for investments in low-cost water harvesting techniques, irrigation, and clean water provision as a
means of increasing food production and reducing the infectious disease burden [Rosegrant and Miejer (2002b); Sanchez and
Swaminathan (2005)]. In Sub-Saharan Africa and south Asia for instance, access to a small amount of irrigated land has
transformed food security for the highly wulnerable households [Mathew (2005)]. In Uganda, consequences of the absence of
low cost water harvesting techniques and irrigation are demonstrated by an assessment by OPM (2012) who cite how rainfall
deficits severely affect food security in the country. The decline in agricultural output presents a knock-on effect on food prices
leading to further macroeconomic instability. The study estimated that the value of damage and losses caused by the rainfall
deficit was approximately US$ 1.2 billion equivalent to 7.5 percent of GDP in 2010. Figure 1 highlights the losses which accrued
from this shock. The adverse effects of the shock were highly felt in the productive sectors of the economy. A breakdown of the
sectoral effects shows that the livestock sub-sector lost UGX 1.1 trillion while the production of food and cash crops registered
UGX 1.0 trillion in damages and losses. There were losses in agro-industry of UGX 2780 billion; commerce lost sales of
approximately UGX 169.9 hillion; while electricity production losses amounted to UGX 106.3 billion. In addition, there were
effects on other sectors such as sanitation, health care provision and nutrition assistance, education as well as food aid to the
severely affected regions.
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FIGURE 1: Sectoral Damages and Losses from the 2010-2011 Rainfall deficit (UGX Billions)

1000 -
900 -
8300 -
TOO
GO0
500 -

W High Production costs
B Production losses

Damage

Source: OPM (2012)

Amidst these water related challenges, the country is endowed with a substantial amount of fresh water from the different sources
which can be utilised to address some of the challenges which the economy is facing. The total volume of renewable resources is
estimated at approximately 43.3 billion m* [DWRM (201.1)]. With regard to surface water, there are eight major catchment areas
which drain into other water bodies within and outside the country. According to DWRM (2011), the estimated renewable
grouncwater resources exceed current projections of demand for domestic water supply by a substantial margin. This is with
respect to areas which are not served under the piped water distribution network. Projections indiicate that the sustainable utilization
rate for the year 2030 is below 15% for most areas [DWRM (2011)]. However, these water resources experience both seasonl
and spatial variability, a situation which is further being exacerbated by the volatile changes in temperature and precipitation. In
fact, Carter and Parker (2009) note that groundwater resources are dependent on rainfall for replenishment and this makes themto
be susceptible to climatic variability. Hence uncontrolled abstraction of water can present a danger of causing a fall in water levels
and exhaustion of resources [Foster and Chilton (2003)].

Whereas Uganda receives a mean annual rainfall of 1200m” the positive effects of this rainfall are eroded by the high rates of
potential evaporation which is approximately 75 percent within the range of 1350-1750n7. This implies that in the absence of
sustained rainfall, the ground water recharge capacity in most areas of the country is greatly affected. This is exacerbated by
increasing temperature which adversely affects regions where rainfall intensity is less than potential evapo-ranspiration. \Worse
still, effective utilization of the existing water resources is curtailed by a mismatch between the location of the water resources and
the regions where demand is high, notably the arid and semi-arid areas of the country [MWE (2009)]. MacDonald et al. (2005)
suggest that areas which, in addition to prolonged droughts and sparse populations have no reliable water supply, development of
groundwater through natural resenvoirs is the only realistic option for significantly improving water coverage. Once such instances
of lop-sided availability of water resources are put into accourt, Kemp et al. (2005) argue that statistics on national water resources
prove not to be a good indicator of water scarcity. Their view is that it is critical to have water resources (usually groundwater)
close to the point of need. This calls for the need to develop the necessary infrastructure. MacDonald and Calow (2009) conclude
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that inadequate attention to the variability in the nature and occurrence of water resources is a key reason for having expensive and
unreliable water supply. This implies that in the alosence of the necessary infrastructuire, such regions continue to suffer.

In Uganda, current per capita water consumption is till low. However, it is projected to rise gradually from the current 21m° to
approximately 30m® per capita per annum by 2035. This implies that policies and infrastructure have to be ptt into place to ensure
efficient utilization of water resources. This is related to the fact that water sources across the globe are under threat from pollution
through intensive agriculture, industry, and poor sanitation. The ramifications for developing economies are that since expensive
water treatment is not affordable, the only option is for people to use contaminated water [Hunter et al. (2010)]. Table 1 highlights
Uganda’s water demand projections by sector.

TABLE 1: Water Demand Estimates and Projections (Millions m’)

Sector 2009 2015 2020 2035
Domestic: NWSC 56 85 16 284
Domestic: Small Towns 24 35 47 111
Domestic: Rural 127 210 306 588
Livestock 107 151 164 211
Crops 335 489 452 676
Fisheries 52 105 157 210
Rural Industries 5 19 23 33
Total water demand 707 994 1,266 2,113
Available water Percapita (m®) 2,171 1,740 1,480 896

Notes: NWSC stands for National Water and Sewerage Corporation. This is a Govemment parastatal charged with the supply of commercial
water in the country.

Source: MWE (2009)

The role of water as a vital economic resource is not in doubt. However the debate is on the best policy to ensure its efficient use.
There are two schools of thought on the economic value of water [Perry et al. (1997)]. One school argues that water should be
allocated to its best uses by being priced at its economic value. In addition, it should be allocated through competitive markets.
Using the market theory, the value of a commodiity is the maximum amount which users are willing to pay for it such that in
equilibrium, the marginal cost and marginal benefit are equal [Briscoe (1996) and Perry et al. (1997)]. Another school of thought
maintains that water should not be left to market forces because it is a basic human need. However, the current challenges faced
by water resources underscore the need to ensure their efficient utilization. In this regard, the current study is motivated by the
challenges faced by water resources to argue that water should be utilised in a framework that accounts for its economic value,
while still ensuring that it is being equitably accessed.

21 Institutional Framework for \Water Resources Management in Uganda

The management of water resources is under the Ministry of Water and Environment (MWE). This function is enshrined in the
Wiater Act (Cap 152) of the Constitution of the Republic of Uganda [MWE (2009)]. The MWE is charged with the planning and
coordination of all sector activities with the overall mission of “‘promoting and ensuring the rational and sustainable utilization,
development and effective management of water and environmental resources for the socio-economic development of the
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country”. The MWE is therefore tasked with setting national policies and standards, managing and regulating water resources and
determining priorities for water development and management. It also monitors and evaluates sector development programmes
to keep track of their performance, efficiency and effectiveness in service delivery [MWE (2009)]. The Ministry has the following
directorates: Directorate of Water Resources Management, Directorate of Water Development (DWD) and the Directorate of
Environmental Affairs (DEA). In addition, there are agencies such as National Water and Sewerage Corporation (NWSC)
whose role is to supply commercial water. The agency derives its legal mandate from Decree No. 34 of 1972 and later from the
National Water and Sewerage Act enshrined in the (1995) Constitution of Uganda. This agency is charged with improving water
and sanitation services in the country on a commercially viable basis [NWSC (2011)]. Accordingly:

Using the New Economic Order Model (NEO) which was introduced in 2011 as a planning tool premised on the principle of
demand and supply of water, the agency seeks to achieve equilibrium between effective demand for our services by ensuring
that the customer is adequately and efficiently served, while ensuring optimization of resources.

It is clear that the NWSC's model is geared towards ensuring efficiency in the commercial provision of water. In fact, the
approach is in line with the existing evidence on the estimated potential welfare gains from improverments in the quiality of water
service such as reducing variability or interruptions in the water delivery schedule [Olmstead (2010)]. This has been established to
be the case for both developing [Baisa et al. (2009)] and industrialized countries [Hensher et al. (2005)]. It is therefore vital that one
of the interventions of the NWSC should be to ensure that water pricing is based on supply cost recovery and full economic cost
[Letsoaloetal. (2007)].

3. Literature Review

In this section, we highlight the existing literature on the double dividend hypothesis. The review is not exhaustive as it is only
aimed at indicating the nature of the debate surrounding the double dividend hypothesis [see Shackleton et al. (1993); Goulder
(1995); Bosquet (2000); Ekins and Barker (2001); Tol etal. (2008); Schdb (2009); Fullerton et al. (2010) and Katri (2012) among
others, for extensive reviews on the subject]. In addition, it is aimed at providing a context for this paper. In the literature, some
authors suggest that measures to address changes in the environment should be designed to use policy instruments that raise
revenues. This is because the resulting revenues can be used to generate other benefits for the economy. Since Pigou (1920), it has
been widely accepted that environmental taxes are efficient instruments for environmental protection. In addition, they are found
to be superior to ather policy instruments like command and control.

The arguments in favour of taxes on environmental goods have their foundations in the double dividend theory. According to the
theory, revenue generated from the imposition of environmental taxes can be used to lower other would be distortionary taxes. In
50 doing, the economic cost of the environmental tax is lowered thereby resulting into benefits for the economy [see Tullock
(2967); Nichols (1984);Terkla (1984); Lee and Misiolek (1986); \Van Heerden et al. (2006); Blignaut et al. (2007); Brouwer et al.
(2008); Tol et al. (2008); Zhou and Segerson (2012) and Katri (2012) among others]. The major implication of the double-
dividend theory is that if there is consensus about an environmental target, revenue-raising instruments are preferred to other
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policy instruments which, although cost-efficient in regulating the environment, do not raise public revenues [Schdb (2009)].
Realization of the double dividend is in terms of the environment (first dividend) and the economy (second dividend) which are
envisaged to improve following the imposition of the tax [Letsoalo et al. (2007)]. Goulder (1995) develops two versions of the
double dividend hypothesis: the strong and the weak form of the double dividend. The weak form requires a revenue-neutral
environmental tax reform to recycle the additional revenues in order to reduce the economic costs of the tax compared to the case
where those revenues are recycled as a lump-sum. On the other hand, the strong form version requires that environmental tax
reform to not only yield environmental gains but also non-environmental welfare [Rausch and Reilly (2012)]. Economic analysis
demonstrates the potential benefits of recycling revenue from an environmental tax. Specifically, such a tax can be used to offset
other taxes thereby reducing the potential cost of the policy. Under certain circumstances, it can boost economic welfare [Goulder
(2995) in Rausch and Reilly (2012)]. Howoever, Zhou and Segerson (2012) demonstrate that depending on the size of the tax
base, environmental taxes may be efficient instruments for improving environmental quiality, but not necessarily a better way to

raise revenue.

Several studies use different approaches to check for the existence of the double dividend hypothesis in many different contexts.
Bovenberg and De Mooij (1994) use a simple one factor model which assumes competitive markets and find that environmental
taxes exacerbate, rather than alleviate the pre-existing tax distortions. Fullerton and Metcalf (1997) and Goulder et al. (1997) show
that increasing a nammow-based green tax and reducing a broad-based tax say on labour income would be distortionary. This
implies that the revenue-recycling effect may not fully offset the negative effect of the environmental tax on employment. This
would be the case even when the revenue is used to reduce the tax rate on labor income. The literature highlights the fact that
whereas a strong double dividend is possible, it not may not always be guaranteed. In fact, it depends on a number of factors
which among others, include the existing tax rates, elasticities as well as the level of inefficiency of the tax system [see Goulder
(2995); Van Heerden et al. (2006); Bento and Jacobsen (2007); Zhou and Segerson (2012) and Katri (2012)]. In the case of an
environmental tax that targets water as a factor of production, substitution elasticities between factors are critical. The fixed factor,
capital should be a poor substitute for the water, while labor should be a good substitute. With an elastic supply of capital, the
converse is true [see De Mooij and Bovenberg, (1998)]. This efficiency gain has to be large enough in order to offset the negative
impacts that are inherent in environmental taxes. The broader is the tax base, the lower is the distortion. Goulder (1994) asserts that
environmental taxes are usuially narrow because they are meant to change specific behavior.

Goulder (1995) and Bovenberg and Goulder (1997) use a general equilibrium model and fail to find evidence of a double
dividend. In all their scenarios the environmental tax is found to be more distortionary than the substitute taxes and they attribute
this finding to the relative narrowness of the environmental tax. For instance, Goulder (1995) finds that the economic cost of
environmental taxes would be in excess of 35% if the revenues are recycled across the board rather than in a targeted manner to
reduce other distortionary taxes. On the other hand, Jorgenson and Wilcoxen (1993) do find a double dividend under certain
conditions. Irespective of the end result, the costs or benefits of the tax reform were found to vary with the scenario chosen.
However, they were in line with Goulder (1994) expectations. That is, the lower are the costs, the larger are the differences in

Page | 9



Marginal Excess Burden (MEB) and the more the tax burden was shifted from the overtaxed to the under-taxed factor? Zhou
and Segerson (2012) utilize the framework by Bovenberg and de Mooij (1994) to assess the viability of using environmental
taxes to finance budget deficits in the US state of Connecticut. They find that due to the narmowness of the tax base, environmental
taxes have limited potential to raise revenue to finance the fiscal deficits and/or reduce other distortionary taxes. Nonetheless, they
note that such taxes can till generate significant gains for the economy if they lead to significant improverments in environmental
quality.

The analysis of the double dividend hypothesis besides revenue mobilization involves the redistribution of income in the
economy. Worth noting is the fact that the process results in the deviation of the tax mechanism from its optimal level* Therefore,
the distributive impacts of environmental tax reform need to be studied in much detail. There are studies which have looked at the
distributive component of environmental taxation [see Letsoalo et al. (2007), Chiroleu-Assouline and Fodha (2006); Van
Heerden et al. (2006), Blignaut et al. (2008); Tol et al. (2008) and Chiroleu-Assouline and Fodha (2009)]. The findings suggest
that the distributional impact of the tax depends on the specific form of the tax reform and howv it is implemented. The suggestion
of shifting the tax burden to the unemployed or those working in the informal sector to increase employment as is in Bovenberg
and Vander Ploeg (1998) has the potential to adversely affect income for the lowest income groups.

From the existing literature, it is clear that the double dividend hypothesis has been analyzed using different methodologies,
assumptions, and measures. It is therefore not surprising that these studies yield mixed results. For instance, studies in the
developed countries tend to find a positive second dividend when employment is used as a benchmark and modest positive or
negative effects on output [see e.g., Ekins et al. (2011); Ekins and Barker (2001); Bosquet (2000); Patuelli et al. (2005); Lutz and
Meyer (2010) and Moe (2010)]. However Schab (2009) fails to find evidence of the strong form of the hypothesis in his study of
the United Kingdom. Empirical studies in the U.S have found that when revenue from environmental taxes is used to reduce pre-
existing taxes, the gross cost of the tax system increases, i.e., the strong form of the double dividend hypothesis does not hold
[Zhou and Segerson (2012)]. Goulder (1992) finds that welfare is reduced by 0.48% when the environmental tax is used to
reduce the corporate income tax and by 0.53% when used to reduce the personal income tax. Furthermore, Goulder (1995)
reviewed some empirical studies based on different models and found that a tax swap resulted in a welfare loss for most models
except the Jorgenson-Wilcoxen model [see Zhou and Segerson (2012)].

For the developing countries, some studies find evidence of the hypothesis in its strong form, but add a caveat that the design and
implementation of such interventions is critical. For instance, VVan Heerden et al. (2006) use a CGE model to investigate of the
plausibility of achieving a double dividend through a tax on water and energy and recycling the revenue back into the economy.
They find that it is possible for such interventions to yield double dividends. Other studies with closely similar findings include
Decaluw et al. (1999); Diao and Roe (2003); Bluffstone (2003); Letsoalo et al. (2007) and Blignaut et al. (2008). In fact

2 See Goulder (1994) for athorough exposition on the adjustment mechanism.
% Intheabsence of extemalities itwould be optimal to have alump sumitax.
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Sartzetakis and Tsigaris (2009) note that environmental tax reform may reduce involuntary unemployment. With regard to
equity, such reforms can adversely affect the income distribution, thereby reducing the possibility of achieving a second dividend.

From the literature, it can be concluded that achieving a double dividend from an environmental tax is possible but it is not
obvious. The initial conditions in terms of the existing taxes, possible distortions in the labor market, together with the specific
nature of the tax intervention are key determinants of the outcome of any such policy measure. Therefore, the design of the tax
intervention should clearly be well thought out, with attention being paid to the pre-existing distortions [Letsoalo et al. (2007)]. In
fact, interventions that are designed to yield multiple benefits i.e., additional dividends (say poverty reduction) require more detail
with respect to their policy design. Spratt (2012) in a scoping study of environment taxation in developing countries concludes that
limits to the effectiveness of environmental taxes become more severe as the number of policy goals increase. He asserts that
achieving “‘double dividends™” may be hard and triple dividends even much harder.

4. Methodology

This study employs the Uganda Applied General Equilibrium (UgAGE) model to evaluate the economy-wide impact of
potential water tax scenarios in Uganda. The theoretical structure of UgAGE is based on the ORANI-G model documented in
Horridge (2001) with various addHins to facilitate the detailed modelling of water accounts in the country. In this version of
UgAGE, we use an aggregated 13-sector database. The model is implemented in GEMPACK and solved using Euler’s multi-
step solution technique.

Applied or computable general equilibrium models provide industry-level disaggregation in a quantitative description of the
whole economy and typically postulate neo-classical production functions and price-responsive demand functions, linked around
an input-output matrix in a general equilibrium model that endogenously determines prices and quantities. As required by
GEMPACK, an initial levels solution of the model is represented by the base year data. The theory of the model is then,
essentially, a set of equations that describe how the values in the model’s database move through time and move in response t0
any given policy shock. For any given exogenous policy shock, the resulis produced by the model represent changes or
percentage changes away froman unperturbed projection of the economy and its structure, represented by the base year data.

Following the ORANI-style of implementing a CGE model, the general equilibrium core of UgAGE is made up of a linearized
system of equations describing the theory underlying the behaviour of participants in the economy. It contains equations
describing, amongst others: the nature of markets; intermediate dermands for inputs to be used in the production of commodiities;
final demands for goods and services by households; demands for inputs to capital creation and the determination of investment;
govemment demands for commodiities; and foreign demand for exported goods.

The specifications in UgAGE recognise each industry as producing one or more commodities, using as inputs combinations of
domestic and imported commodities, different types of labour, capital and land. The multi-input, multi-output production
specification is kept manageable by a series of separability assumptions. This nested production structure reduces the number of
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estimated parameters required by the model. Optimising equations determining the commodity compasition of industry output
are derived subject to a CET function, while functions determining industry inputs are determined by a series of nests. At the top
level, intermediate commodity composites and a primary-factor composite are combined using a Leontief or fixecHproportions
production function. Conseguently, they are all demanded in direct proportion to industry output or activity. Each commodity
composite is a CES function of a domestic good and its imported equivalent. This incorporates Armington’s assumption of
imperfect substitutability for goods by place of production [Armington (1969)]. The primary-factor composite is a CES aggregate
of compasite labour, capital and, in the case of primary sector industries, land. Composite labour demand is itself a CES aggregate
of the different types of labour distinguished in the model’s database. In UgAGE, all industries share this common production
structure, but input proportions and behavioural parameters vary between industries based on available base year data and
econometric estimates, respectively. In this regard, the model parameters used in our analysis are derived from the IFPRI model
for Uganda [see Dimaranan et al. (2006)] in addition to other relevant studies in the literature [see Hertel et al. (2007); Boysen and
Mathews (2012) and Boysen (2012)] and informed by the author's knowledge of the Ugandan economy. Those sets of
parameters include: (1) The Armington elasticity between domestic and imported commodiities; (2) Export elaticities; (3)
Elasticity of substitution among labor types (or skills); (4) Elasticity of substitution among primary factors; (5) CET transformation
for industries with multiple commoadiities; (6) Expenditure elasticity for the LES household demand system; (7) The Frisch
parameter (elasticity of marginal utility of income) and (8) The Armington elasticity for investment.

The demand and supply equations in UgAGE are derived from the solutions to the optimisation problems which are assumed to
underlie the behaviour of private sector agents in conventional neo-classical microeconomics. Each industry minimises cost
subject to given input prices and a constant retums to scale production function. Households maximise a Klein-Rubin utility
function subject to their budget constraint. Units of new industry-specific capital are constructed as cost-minimising combinations
of domestic and imported commodiities. The export demand for any locally produced commodiity is inversely related to its
foreign-currency price. Government consumption, typically set exogenously or linked to changes in household consumption, and
the details of direct and indirect taxation are also recognised in the model. Zero pure profits are assumed for all industries.

The model’s database is based on the 2009 Social Accounting Matrix (SAM) for Uganda published by the Uganda Bureau of
Statistics (UBQS). In the SAM, households are categorized into 4 regional groups by rural-urban and by income quintiles. In all,
there are 39 industries and commodities. However, these were aggregated into 13 sectors to facilitate our analysis. This is in
addition to splitting electricity and water into two industries. Water data [DWRM (2012); FAQO (2005)] are drawn from the
relevant departments under the Miinistry of Water and Environment in order to create a vector of taxable water for each industry in
the SAM as well as a vector of extra water charges that may be charged on volumes of water. All taxable water is derived from
ground and surface water data.

Next, we add a water revenue equation into the UgAGE model to enable us to calculate changes in total revenue raised and
changes in water demand. It is derived from the identity that total revenue raised R is equal to the taxrate T per volume times
the quantity of water X . Thatis:
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R=T.X [0

All model equations are expressed in percentage change form. The model is linearized in order to allow for solving. From
equation (1), the change inrevenue dR  is approximately equal tothe tax rate T times the change inthe base dX plus the base
X timesthe changeintherate dT . Formally:

dR=T.dX + X.dT =T.X.x/100+ X.dT =R.x/100+ X .dT @)

with X being the percentage changein X . If X isthe percentage changein X , thenwe knowthat X =100 dX / X, such
that dX = x.X /100. Equation (2) is used in our model to calculate the changes in revenue received from charges on water
consumption by all industries. The changes in the tax rates are exogenous. In addition, they are shocked according to various
scenarios outlined in section 5. All the other variables are either entered into or they are computed by the model. Note thet the
variable X is the percentage change in water consumption by industries and it is endogenous. Put differently, X is computed by
the model. We expect that an additional charge on water will lead to a decrease in water consumption. Total revenue from the
extrawater charges will be added to total govemment revenue.

Furthermore, in order to assess the impact of the proposed policy interventions on industry output, we use the Fan decomposition
in order to assess these changes for the different industries following the taxation and plough-back process. This approach uses the
market clearing assumption of the madel in order to explain changes in industry outputs following a shock [Wittwer and Kym
(2001)]. Formally, the percentage change in output is a weighted sum of the percentage changes in sales volumes, decomposed
by sales point. Quartitatively, if we denote D as domestic production, L, as local sales of domestic output and X as exports,

the market-clearing equation is expressed as:

Dd = Lyl +Xx )

The variables | and X are the percentage changes in local sales and exports that contribute to the percentage change in output
d. Furthermore, we obtain an expression for the change in local sales (1) in order to account for the effect of import
replacement on domestic output:

LI' =L, +Mm )

Where L is the total quantity of local sales from all sources; M is the level of imports and m is the percentage change in
imports. Hence, the modified market-clearing equation becomes:
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Dd = LI* + Xx — Mm ©)

In computing large change solutions, the decomposed components of equation (5) will not add exactly to Dd. * To overcome
this, we define an ordinary change variable g such that

On —
PD%q = PDd, ©)

where D?is the initial quantity of total sales, and P is the price level which is updated during the solution procedure. To
decompose total output, let

4=0, +0; + 0, @

where ¢, isthe local market contribution; g, is the export contributionand g, is the import replacement contribution (each
in ordinary change terms) to total output. The local market contribution to the percentage change in domestic production is
defined as the percentage change in local sales from local and imported sources, weighted by the value of locally sourced sales.
Formally:

D° ©)
The export contributionis , = %. Finally, the import contribution is calculated as a residual from equiation (7).

5. Policy scenarios

In this section, we employ different taxation and plough-back scenarios to assess the distributional effects of a water tax. This
involves levying a tax and establishing the appropriate channels through which the realized tax revenue can be utilized in order to
yield dividends for the economy. The simulation scenarios employed are in line with the policies of the Ministry of Finance
Planning and Economic Development of revenue mobilization. Similarty, they are related to the vision of the Ministry of Water
and Environment and the water distribution agency (NWSC) of improving water and sanitation services in the country on a
commercially viable basis. Whereas the critical policy issues include revenue generation and provision of water at market rates we
use simulation scenarios which reflect the fact that issues of access and affordability are equally important The charges for some
sectors of the economy particularty the households majority of which are poor, should not be at a level where they are left without
access to safe water [Spratt (2012)].

* Thisis becauise in multi-step computation, percentage changes are compounded wheress ordlinary changes are added.
> See eg,, Gowlland-Gualtieri (2007) for a contextuialized exposition of how issues of sustainability and equity in the provision of weter are implemented in South
Aftica.
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Cognizant of the issues of affordability and access, the following soenarios were simulated using the UgAGE model. A tax of
UGX 500 (US$20cents per m’) on water used by the following industries: i) Mining; ii) Manufacturing; iii) Construction; iv)
Agriculture; v) Business; vi) Hotels and restaurants; vii) Other services®. The choice of sectors was informed by their ability to pay
as well as the degree of water use in their production activities. Industries with less water use in their activities were left out. In
terms of plough-back, two simulations were performed: a) a decrease in production taxes on capital and labor; b) a decrease in
sales taxes. The choice of the plough-back schemes was informed by the fact that the reduction in the level of taxation to factors of
production would induce economic activity via production while a sales tax break would drive economic activity via
consumption.

51.  Policyvariables

Four variables of interest are analyzed in the model. These include changes in: a) water use; b)) GDP; ¢) employment; d) industry
output. The variables are expressed in “‘per unit of govermnment revenue” so that the different policy scenarios are comparable.
These variables presented in the next section as changes in water consumption per billion shillings in govemment revenue;
Percentage change in real GDP per hillion shillings of revenue collected or ploughed-back; Percentage change in aggregate
employment per billion shillings of revenue collected or ploughedHback; and changes in industry output.

52. Model Closure

In order to analyze the impact of a water tax on water use and the economy as awhole, the effectiveness of such a policy measure
has to be assessed on how sustainable it would be with respect to the use of water resources. In this regard, the model closure rules
have been set to account for policy sustainability using the long-run time horizon.” Results from the policy measures for both
longrun and shortrun closures are presented in section 6. Under the short run closure conditions, capital stock in each sector is
exogenous, while the rates of retum on capital, aggregate employment and trade balance are endogenous. The trade balance is set
to be endogenous because it is possible for the economy to run a deficit on the external sector in the short run. In addition,
aggregate investment, the composites of GDP from the expenditure side (private and public consumption), real wage rate, all
technological change variables and all tax rates inventories are exogenous.

® Includeswater used by households
7 See Dixon etal, (1982) and Bohlmann (20111 for athorough description of the technical detaits behind the structure of CGE modes.
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6. Results and discussion

6.1 Macroeconomic level results
Table 2 presents a summary of the macroeconomic level results from the tax simulations and recycling schemes. The analytical
process evolves as follows: when atax is levied, (i) taxes increase the cost of production and therefore decrease the supply of most
commodities, while (ii) the increase in govemment revenue without a concomitant increase in govemment expendituire decreases
aggregate demand. Since both capital and skilled labour face inelastic supply in the short-run, the fall in aggregate demand causes
a significant reduction in price levels and a decline in real GDP. The increase in domestic prices leads to a decline in exports of
most commodities and an increase in imports. The recycling schemes work in the opposite direction.

TABLE 2: Results of Key variables (Percentage changes)

Environmental Tax

Recycling scheme

Variables i Water tax Sales tax i Production tax
Real GDP i -0.153 0.1 | 0.16
Imports : 0.1 0.042 : -0.18
Exports i -0.509 0.533 i 0.447
Investment i 0 0 | 0
Import prices : (o] 0 : 0
Government expenditure i 0 0| 0
GDP deflator : 0.458 0.613 : -0.472
Investment price index i 0.343 -0.642 | -0.556
Consumer price index i 0.326 -0.433 | -0.292
Export price index : 0.348 -0.406 : -0.358
Government price index i 0.546 -0.491 | -0.452
Nominal exchange rate : o o 0
_Aggregate primary factoruse | ___ ___ ___ 0167 | . 0Ns | .S 0163 _
Intermediate prices e ——————
Agriculture : 0.333 -0.36 : -0.189
Mining i 0.075 -0.396 | -0.094
Manufacturing i 0.239 0.384 | -0.174
Electricity : 0.06 -0.391 : -0.072
Water i 0.048 -0.346 i -0.041
Construction : 0.094 -0.43 : -0.193
Trade i 0.092 -0.331 | -0.1
Hospitality : 0.249 0.355 : -0.177
Transport ; 0.056 -0.348 -0.048
Post and Telecommunication i 0.118 0.118 | -0.128
Business : 0.158 -0.424 : -0.194
General Government i 0.314 -0436 i -0.128
_Other Services _ @i a R 0215 | O . 0204
Industry Output
TAgricutture T T T T T T e T T T T o2z | % 0162
Mining i -0.392 0.078 | 0.098
Manufacturing : -0.073 0.197 | 0.442
Electricity i -0.051 0.063 | 0.054
Water : 0.001 -0.001 | 0.001
Construction i -0.006 0.007 | 0.011
Trade i -0.048 0.1 | 0.133
Hospitality : -0.575 0.475 : 0.527
Transport i -0.088 0.078 ' 0.076
Post and Telecommunication : -0.083 0.05 : 0.044
Business i -0.025 0.035 i 0.062
General Government ! -0.082 0.059 ! 0.037
Other Services i -0.307 0.138 | 0.238

Source: Author’s computations
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6.2 Environmental effects

In analyzing the environmental effects of the tax (first dividend), changes in water use are divided by changes per unit of tax
revenues in real terms. The results are presented in Table 3 where a tax reduces water use, implying that for all the simulations,
changes in water use following a tax yield the first dividend for the different industries. In addition, both recycling schemes yield
an environmental dividend. This implies that the environmental benefits associated with the reduction in water use are realized
irrespective of the channel through which the collected revenue is ploughed back into the economy. Essentially, the first dividend
is confirmed to exist under the recycling schemes only if there is a net reduction in the amount of water used per unit of real
govemnment revenue recycled. From the results, we see that a tax on water consumption always leads to a decrease in water use
(Table 3, column 2). Whereas water consumption increases following the revenue recycling process, this increase is less than the
initial decrease in water use following the tax (columns 3 & 4).

TABLE 3: Marginal changes in Water Consumption from Imposition and Recycling of a Tax

Water Tax ! Sales tax Break : Production tax Break

_.._Reduction in water consumption _.._Increase in water consumption

Agriculture : -0.0201 0 + ; +
Mining ! 0.0214 ! + I +
Manufacturing : 0.0203 : + : +
Construction i -0.0207 i + i +
Hospitality : 0.0110 : + : +
Business i 0.0096 I + i +
Other Services : 0.0134 : + : +

Notes: The results in column 2 are percentage decreases in water use per UGX1 billion in tax revenue raised. Under the recycling scheme (colurn 3 and 4), the
result 0.00141 and 000189 are the average increases in water use for the respective schemes. If the increase in water use which follows the recycling is less than the
initial decrease following the tax, the. neteffect isadecline inwater use and henceaplus (+) sign tosignify an environmental dividend.

Source : Author’s computations

In Table 3, we see that the reduction inwater use as a result of a tax is greater than the increase in water consumption following the
revenue recycling schemes. Therefore, an environmental dividend is realized from this tax and recycling schemes. From the table,
atax onagriculture results in a decrease in water consumption by the sector of 0.0201% per UGX1 billion of realized tax revenue.
All changes in water consumption are expressed in terms of percentage changes per UGX1 billion of revenue collected. On the
other hand, a sales or production tax break through recycling increases economic activity, and more water is consumed. For
example, a sales tax break increases water consumption by 0.00141% on average per industry for each UGX1 billion in recycled
tax revenue. A combination of a tax on agriculture and a sales tax break involving the same amount of revenue, results in a net
decrease in water demand®

8 Due consideration was taken inthe choice of water demand semi-elasticities used as they are fundamental in influencing the results. Different elasticities were tested
overawide range and there was no significant change in results for the variables of interest
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6.3. Economiceffects

GDP and employment effects

In order to assess the economic impact of the tax on the economy, we compute the Marginal excess burden (MEB). The
marginal excess burden (MEB) is the change in real GDP divided by the change in real govemment revenue. In this case, we
analyze how GDP declines as a result of an increase in total tax revenue. On the other hand we also assess the impact on GDP of
a tax break through the two recycling schemes. In this case, the MEB measures the increase in GDP per decrease in total tax
revenues. Formally:

MEB = change in real GDP/change in real govemment income
The MEB is a proxy for the distortion which arises from the imposition of a tax. Given that the numerator and denominator are
measured in monetary terms, comparing the MEBs for the different scenarios gives combinations of scenarios which produce a
second dividend, i.e., anincrease in GDP while maintaining total government revenue constant.

TABLE 4 : Marginal Excess Burden from the imposition and Recycling of a Tax

Water tax ! Increase in GDP
_Marginal Excess Burden _.iSalestaxBreak | ProductiontaxBreak _

Agriculture i -0.00655 i - i -
Mining : -0.00018 : + : +
Manufacturing | -0.00034 i + i +
Construction | -0.00076 : | +
Hospitality i -0.0013 i i +
Business : -0.00098 : + : +
Other Services | -0.00284 i - i

Notes: The resultsin column 2 are percentage decreases in real GDP per UGXbillion in tax revenue collected. Under the recycling scherme (column 3and 4), the
result 0.0011 and 0.0016 are the average increases in real GDP for the respective schemes. If the increase in real GDP following recydling is more than the initial
decrease which follows the tax, the net effect isan increase in real GDP and hence a plus sign to signifyy an economic dividend.

Source: Author’s computations

The MEBs for all seven water tax policy measures as well as the two recycling measures are compared in Table 4. Column 2
presents the losses in GDP that accrue to the different industries following the imposition of a tax. A double dividend is indlicated
by a plus (+) sign. This implies that the increase in real GDP per unit of real govemment revenue lost as a result of a tax break is
larger than the decrease in real GDP per unit of real government revenue collected from the tax for the respective industries.
Otherwise,aminus (-) sign is indicated. From our computation, the results in Table 4 are interpreted as follows: When a water tax
is levied on the agriculture industry and UGX1billion is realized in tax revenue, real GDP decreases by UGX6.5 million.
Similarly, the MEBs are computed for the recycling schemes producing values of 0.0011 and 0.0016 for the sales and production
tax breaks respectively. From the results, a combination of a water tax on agriculture and both sales and production tax breaks
result in a decrease in real GDP. The resilts show that a tax on water for agriculture and other services” would be distortionary to
the economy because the net effect on GDP is negative despite the recycling schemes. Similarly, taxing the haspitality industry
and recycling using a sales tax break would not yield a dividend. However, for the rest of the industries, a tax followed by

®  Household consumyption is acoounted for under this industy.
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recycling vields a double dividend for the economy. In Table 5, we present results of the percentage changes in aggregate
employment per unit of govemment revenue were.

TABLE 5 : Marginal changes in employment from imposition and recycling of a Tax

Water Tax | Recycling Scheme

_Marginal change in employment lSa'es taxBreak _ _ _ _ _ _jProductiontaxBreak
_Industry _.__.__.__.__'.__.__.__.__.__.__.__.__.__.__.__.__.__.__.__.__.l 0000237 i 000033
Agriculture : -0.00087 : - :

Mining i -0.00187 i - i

Manufacturing : -0.00019 : + :

Construction i -0.000012 i + i

Hospitality : -0.00073 : + :

Business | -0.00017 i + i +

Other Services i -0.00037 ! + !

Notes: The results in column 2 are percentage decreases in employment per UGX Lhillion in tax revenue collected. Under the recydling scherme (colurn 3and 4),
the result 0.000237 and 0.00033 are the average increases in employment for the respective schemes. If the increase in employment following recycling is more
than its initial decrease following the tax, the net effect is an increase in employment and hence a pluss sign to signify an economic dividend.

Source: Author’s computations

Generally, employment iis closely linked to GDP. In this study however, the resuilts of the percentage changes in employment per
hillion of tax revenue follow a slightly different trend from that of the MEB results in Table 4 for the mining, hospitality and other
services industries. From Table 5, a double dividend is realized for taxes to certain industries as well as for certain recycling
schemes. For instance, a water tax on the agriculture and mining industries would be distortionary, even when the taxes are
recycled using either scheme. The production tax break proves better in correcting the distortion with respect to GDP
performance compared to the sales tax break and the converse is true with respect to employment. Note however that the
differences in performance of the tax and recycling scheme emanate from utmost two industries in both cases.

64. Fan Decomposition analysis of the changes in Industry output

Table 6 presents the results of the impact of the tax on industry output. If we take the agriculture industry as an illustration, we

show that the predicted changes in domestic output from the agriculture industry are derived from three effects:

i) The local market effect. i.e., an increase in domestic demand for agricultural output whether domestically-produced or
imported;

ii) The domestic share effect. i.e, a shift in local usage of agricultural output from the imported to the domestically
produced; or

iii) The exporteffect i.e., anincrease in the export of agricuttural output.

In most cases, these effects tend to work in different directions. For instance, a water tax increases the cost of production which
induces a decrease in foreign demand. As a result, local producers cut down on the level of supply thereby increasing the domestic
price and facilitating import penetration. The essence of the Fan decomposition™  is to show the relative magnitudes of these three
contributions to output change. Table 6 presents the results of changes in total industry output following a tax and recycling

10 Named after Fan Ming-Tai of the Academy of Social Sciences, Beijing Insftue of Quantitative and Technical Economics.
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schemes for all industries analyzed inthe model.  In order to provide a more detailed analysis of the decomposition, Table 7 gives
a breakdown of the changes in shares in total industry output for some selected industries.

TABLE 6: Effect of a\Water Tax and Recyclingon Total Industry output

Sector i Water tax i Sales tax Break i Production tax Break

_Category:Taxed

Agriculture ! 0.289 ! 0.127 ! 0.162

Mining ! 0.377 ! 0.085 ! 0.114

Manufacturing I 0.081 I 0.196 I 0.435

Construction I 0.006 I 0.008 I 0.013

Hospitality I 0.546 I 0.45 I 0.5

Business | 0.037 | 0.044 | 0.072
Otherservices i .02 i . ©0m128 i 029
Category:Nonwtaxed

Electricity i 0.051 i 0.062 i 0.054

Water i 0.001 i 0.002 i 0.001

Trade i -0.061 i 0.099 i 0.147

Transport , 0.088 , 0.079 , 0.077

Post and Telecomms i 0.088 i 0.05 i 0.049

General Government ; 0.086 : 0.059 : 0.04

Notes: The resultsare percentage change s in total industry output following the taxation and recycling process.

Source: Author’s computations

From Table 6, a tax induces a larger reduction in output for the taxed industries than the non-taxed. Nonetheless, the effects of the
policy are felt across the economy. Similarly, the recycling schemes show an improvement in output for most of the industries.
However, for the taxed industries, agriculture, mining, hospitality and other services registered a much more increase in output
from the recycling scheme than the initial decline that followed the tax. This was seen to be the case for general govemment and
transport among those in the nonaxed industries category.

TABLE 7: Effect of a Water Tax and Recycling on the shares of Industry output

Industry i Local Market i Domestic share | Export | Total
Senariot:WaterTax e _
Agriculture -0.085 -0.029 -0.175 -0.289
Mining 0.005 -0.157 -0.225 -0.377
Manufacturing 0.026 | 0063 .- 0.044 | . _._70:081
_Scenario 2: Sales Tax Break e _
Agriculture 0.021 -0.011 0.117 0.127
Mining 0.019 -0.062 0.128 0.085
_Manufacturing 0.029 | _ _ _._._._..0014 i _ _ __0m3 | _ _._ 0196
_Scenario 3: Production Tax Break _ e e e e oo oo -
Agriculture 0.084 0.002 0.076 0.162
Mining 0.032 0.049 0.034 0.114
Manufacturing 0.03 0.266 0.139 0.435

The percentage change in local sales is derived from both foreign and domestic sources. The local market component of the percentage change in domestic
production isweighted by the value of local domestic sales. The domestic share component is calculated as a residual [See Horridge (2000)] 1
Source: Author’s computations

11 No interactive termis concealed in the resicll Becauise these decompoasitions are specified in small change terms, the changes due to each part ad up to the change
inthewhole.
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For the selected industries, the local market contribution explains only part of the proportional reduction in output in the first
scenario. For agriculture, this contribution is 0.085 percent out of the total decrease in output of 0.29 percent. For mining, the
contribution increases by 0.05 percent out of 0.38 per cent while for manufacturing, it increases by 0.026 percent. In terms of a
shift from the usage of local output from imported to domestic, we see that the tax induces a decline in the usage of local output,
thereby increasing the amount of imported output. In addition, there is a decline in exports with mining, recording the highest
drop. The sales tax recycling scheme shows an increase in the local market share of output for all industries, with exports
accounting for the largest share of changes in industry output. A comparison of the two recycling schemes indicates that the
production tax break induces a higher increase in industry output than the sales tax. We see that a combination of local market
share and export contributes to the overall increase in industry output.

7. Conclusion

The study set out to explore the possibility of using a water tax to generate positive effects for the environment and the economy.
Given the limited use of environmental taxes in environmental regulation and fiscal policy, the results demonstrate issues which
are vital for policy decision making. This is given the fact that environmental resources are experiencing challenges, most of
which emanate from economic and human activity. This calls for the need to institute measures to regulate such activities in a
sustainable manner. Similarly, as policy makers seek to find ways of widening the tax base, it is important to investigate the
viability of using environmental taxes for purposes of domestic resource mobilizations which this study has undertaken.

A tax of US$20 cents was used in this study because the objective was to assess whether a water tax can yield dividends in a
developing country context. Different tax rates were tested and the results proved to be highly sensitive to the tax rates used.
Overall, the results show that it is actually possible to generate positive dividends for the economy. However, the realization of
any dividends depends upon the sectors on which the tax is charged, the rate of taxation and the choice of recycling scheme. For
instance, some studies charge specific sectors as is the case with this study. However, the recycling is usually done across the
board. In this study, simulations which involved revenue recycling across the board did not yield any dividends. This implies that
only a deeper understanding of a given economy and careful policy design can lead to the realization of dividends from
environmental taxation. Whereas the dividend hypothesis asserts that there are gains that accrue from environmental taxation,
there is no guarantee that this bound to occur and mast importantly, results cannot be generalized across economies.

The relevance of the study goes beyond environmental taxation in Uganda in that it can be extended to other developing
economies whose use of environmental tax instruments is still limited and yet these economies stand to suffer from the adverse
effects that may arise from environmental mismanagement. Given that water resources contitute only one of the multiple
environmental problems being faced globally, the need to utilize environmental tax instruments for purposes of economic and
environmental management especially in the developing countries cannot be over emphasized.
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The key policy recommendation that since there is evidence suggesting the potential for generation of dividends , developing
economies can  utilize this intervention in order to widen their tax base, reduce existing distortionary taxes and engender
environmental conservation . However, any positive outcomes can only be realized under certain conditions and are largely
dependent upon design of the intervention as well as the conditions prevailing in the economy in question. This implies that a
different analytical set up may yield dividends from a different choice of industries and tax policies from the ones which have
been identified and tested in this paper. In this study, we focused on establishing whether or not in a developing economy;, it is
passible to generate revenue, reduce water consumption and increase economic growth, and employment all at the same time.
The findings show that depending on the set up, itactually is.
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