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Abstract

This paper attempts to empirically investigate ithpact of climate change on economic development in
Sub-Saharan African countries. It is a simple linganel model using three estimation techniquegdfi
effect, random effects and Maximum likelihood methdhe Hausman test was also conducted to choose
the most appropriate technique.

In all, the paper finds that climate change impaasitively on the economic development in the oagi
The paper further recommends more adaptation agstgaitigation measures, as many SSA countries
already have some forms of indigenous adaptaticesores which are relatively more manageable asd les
costly technological options in dealing with climathange.

Keywords: Climate, economic development, Africa

1. Introduction
One of the issues that have attracted the atteofigrolicy makers and academia in the recent tisnghé
issue of climate change. Its impact on the econaytopical issue for investigation among reseansh
There are strong projections of the adverse efigfotiimate change on fragile Sub-Saharan Africa8A)
countries. The implication of this is further helighed on their appropriate compensation schemeighat
expected from many developed pollutant countrié® &conomics of externalities is fresh in the ditere
and appropriate compensation scheme is inconclusithe literature.
Policy makers and academicians are increasinglgaroed with the effects of climate change on presen
and future economic growth
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This study is quite necessary and timely to en&88& countries to develop appropriate economic polic
framework to counter or address the issues andedgas of climate change to several SSA economies.

In terms of economic analysis, the impact of clienelhange has about four different channels by which
affects SSA economies; these are its impact orc@gnial output and food security, its impact orvexy,

on trade competitiveness and economic growth armtmgr channels.

Odingo (2009) argues that anthropogenic (humaneiedu climate change is the greatest culprit in the
current global warming through agriculture and flofisel use. He further argues that most of the
observed increase in the globally averaged tempesssince the mid-30century is likely due to the
observed increase in anthropogenic greenhouse gaemtrations. He further stressed that discernible
human influences now extend to other aspects ofatk, including ocean warming, continental average
temperatures, temperature extremes and wind pattern

Data from the International Panel on Climate ChafB€C) supports the fact that it is extremely keally
that global climate change of the past 50 yearsheaexplained without external forcing, and not ener
natural cause alone.

From the literature the contribution of SSA to dite change problem is minimal; however, it bears
substantial adverse effects. One of the issuehthat been identified is that SSA countries ani fi@icy
makers have made little conscious effort to incladenainstream climate change into respective dtimes
economies economic planning. Thus, the gap initemature is to find an empirical evidence of imipat
climate change on SSA economies. Few empiricalietudn this issue have been from the Western
countries perspective, and apparent dearth of émpistudies from the African researchers who are
directly bear the incidence of this climate chanas study is an attempt to fill the research waowand
contribute to meaningful dialogue in this very imjamt field.

This is so because the region has several landiioodentries, small and fragile economies with woirsg
water situation and high poverty rate and high d@tion index in the region. The water stress wdogd
worsened, the climate variability could also wordlem ecosystems (mangroves and coral reefs abtmst ¢
e.g) with additional consequences for fisheries tandism and its impact on precarious health caoliis
much.

One of the policy options left for African leadessto have mitigation efforts that would cost less
nothing rather than waiting for Western Leaderst thave been reluctant to fulfil promises to help
vulnerable African countries since the signing teé tUnited Nations Framework Conventions on Climate
Change (1992). Africans have to develop copingteggias to adapt to climate change. The factors that
determine the adaptive capacity of a nation inckednology, education, information skills, infrasture,
access to resources and various psychologicalrfaatwl management capabilities.

Shah et al (2009) find that bio-fuel productionsiome countriéswill deplete the forest cover and upset
the ecological rain catchments balance. It maylrésumport dependence as climate change contiboies
impact negatively on food production. Climate chafigrther worsens the agricultural yield per hectair
land. They contend that Africa countries do noteh#he necessary financial resources to engage on
mitigation, thus, the first priority for these cdrtias is to focus on adaptation strategies. It eqsally
observed that SSA countries have contributed tast o climate change but the worst hit or affedigd
climate change due to their high level of vulnéibiHe concludes that the SSA countries shousw alse

the IPCC data to assess climate change impactsgeareconomies and estimate the cost of adaptation.
There are two major strategies suggested in theatiire as policy responses to climate changee thes
adaptation and mitigation strategies. Most SSA enuas are predominantly based on agriculture, wisich
the most climate sensitive, while the region low gapita and persistent high poverty rates presenajor
challenge for adapting to climate change. Develpp&sponses to climate change if not urgently ¢ckat
could slow the pace of achievement of the MillemmiDevelopment Goals (MDGS) in the region.

Ajaye (2009) documents that climate change hasdyréed to average crop losses. He concludes that
countries need to adapt to climate change andrfiigate its impacts on their domestic economidseré

are major constraints to adaptation, which includek of information, institutional deficiencies,
biophysical deficiencies (ecosystem degradationfré development in the energy markets including
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bio-fuels, financial constraints, various typesaofaptation costs, such as transition cost andikeduih
costs.

The study recommends that Africa should push fqraesion of the scope of the Clean Development
Mechanism (CDM) to include agricultural practic@hat the post-Kyoto negotiations should include the
aspect that SSA is the lowest polluter and hasritted the least to global warming. It is alsoessary to
intensify and improve the negotiations for economartnership Agreements (EPAs) and the next Doha
Round as a means of improving Africa’s medium term

SSA should enhance steps at investing in massqtrhlisportation and improve urban planning. It feas
review its lifestyle in relation to consumption whter and electricity use and how the two are plice
Government should encourage environmentally frigriidins by giving them a tax break for the period
they are assessed as being environmentally friefitligre is need for regular agencies to asseds\bkof
environmental pollution of each firm or householdite government can also initiate climate insurance
policy through public private partnership. The SSwuld build its adaptive capacity, set up earlynivey
systems, and improve water storage and farmingesystnvest in rural infrastructure and market
institutions, improve physical infrastructure armhstruct defensive structures like mangroves bais,
shelterbelts and others.

Brown et al 2009 observed that drought and floadtao major consequences of climate change. Drought
is the single largest cause of death to naturalstiss, at approximately 50% of the global total #oods
account for the highest property loss. They empulae econometric approach and find that the segitgiti

of GDP to climate change is substantial in theamegPrecipitation (due to drought) has the mostoirrgnt
climate change effect on the GDP or economic growthbout a third of the countries under reviewed
reports significant negative impacts from drought.

Protection against climate hazards is thereforeszential; intervention that can provide benefit seduce
current climate vulnerability is a first step inagdation policy / strategy. Each country is expedteinvest

in climate information systems/ early warning sysse diversification of crops and livelihoods; fircéed
risk transfer (Index insurance), market developmémnsportation and storage. Uncertainty of future
project requires a climate risk management appraadhmanaging current variability. Finally, goveremh
should mainstream climate change risk assessnmenliraspects of policy planning.

The Kyoto protocol was agreed upon in 1997 andesigmatified and became effective in February 2005,
with a sole aim of securing legally binding comnstmts for the reduction of greenhouse gases. Sissyea
later, how has SSA faired? A vacuum this papesttd contribute. The SSA countries are members of
both the UNFCCC and naturally bound by its prinegphnd provisions, many of which expected every
nation and people to protect the climate systentHe benefit of the present and future generatmm

the basis of equity in accordance with their “commuut differentiated responsibilities and respetiv
capabilities”

One of the goals of UNFCCC is to identify the deypahg countries that are vulnerable to the adverse
impacts of climate change  and give them prefaktreatment under the convention with promises of
technology transfer and other forms of economicstessce (see article 2 of UNFCCC).

Under the agreement the developed countries arectegb to “take precautionary measures to anticipate
prevent or minimize the causes of climate changktamitigate its adverse effects”. They are supdds
take cost effective measures to ensure global hsmefthe lowest possible costs.

Africa’s major economic sectors are already vulbkrdo existing climate variability. This vulnerétyi is
further exacerbated by challenges such as endewirty, poor governance, weak institutions, inadegu
health services, limited access to capital, marketsastructure and technology, ecosystem degi@uand
complex disasters and conflicts.

SSA countries are to undertake some voluntary atiig programmes that do not conflict with their
development needs. Africa’s total mission of gremrge gases is miniscule (Odingo, 2009), South Afisc
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the most industrialized country in the region, amctounts for 40% of CO2 emissions from fuel
combinations, this represents only 1.2% of theltgtabal emission. The rest of SSA produces the
remaining 60% of CO2 emissions. Though some oitlpcing countries like Angola, Gabon, and Nigeria
have the potential to increase their energy pradndtom fossil fuels and thereby contributing tolal
CO2 emissions in the future.

Some of the policy options available include thetféhose responsible for economic development
programmes can help to promote the environmentaéyndly technologies that were proposed under the
Gleanagles Plan of Action in 2005. These includen$forming the way energy is used, namely resprtin

to energy efficiency, fostering research and degymlent of lower emission technologies; financing the
economic transition to cleaner energy and manathiegffects of climate change.

In the future, any economic model or assumptionglenaow without due recognition of impacts of
anthropogenic climate change will need to be relise fact, any economic development will be forted
factor climate change in its analysis. The IPCCjgmtions suggest that many SSA countries would
experience increase aridity and crop failure duesiog temperatures. This may eventually leadraught
and floods and this may also affect biodiversitye Teports contend that some of these impactshaigpta

or irreversible, depending on the rate and mageitidthe climate change. This may also lead toispec
extinction which can affect the biodiversity progmaes in the region. Terrestial ecosystems will hee t
first to be affected, followed by marine and fresitey ecosystems. The Economic Planners in SSAtoeed
recognise this. Some of these countries may gghalle more precipitation with its negative impacts

Consumption patterns influence the emission of GlitGwost countries, thus IPCC (2007) has suggested
the possibility of addressing changes in lifestgted behaviour patterns that can contribute to ¢éma
change mitigation. One of these suggestions inslath@nges in occupant behaviour, cultural pattenas
consumer choice in buildings. Reductions of cagasand adoption of efficient driving styles in te&a to
urban planning and availability of public transpdmthaviour of staff in industrial organizationstlire light

of reward systems.

IPCC (2007) documents 0.2% reduction in GDP forssions of 590-710ppm of GGt further suggests
that it is better for countries to participate immomon sense mitigation that cost virtually nothifigese
practices include energy saving in building and tiansport sectors and any other good practice
programmes whose cost element is within reach.dy also engage some adaptation measures such as
vulnerability assessments, prioritization of acsipffinancial needs assessments, capacity buildinty a
response strategies (UNFCC 2007). Other measuerghiamce action on adaptation include:

“Risk management and risk reduction strategiesudirey) risk sharing and transfer mechanisms such

as insurance.

“Disaster reduction strategies and means to adiresand damage associated with climate change

“Economic diversification to build resilience
Environmentally friendly technologies are neededetmble SSA to cope with the impacts of climate
change. Until the region acquires such technologiee may not be able to optimally mitigate climate
change. These technologies need to be acquireidhilassd and adopted by SSA, through concessional
rates, vibrant educational system and strong liekagh advanced countries. The developed countries
must also offer appropriate mechanisms and incesitiw facilitate this acquisition, deployment and
diffusion of these modern technologies as proviggthe Kyoto Protocol.
Stern (2006) highlights the role of technologidahige in mitigating the adverse effects of clinatange.
In conclusion, though climate change is a topisalie and challenge facing SSA region, but certaingy
not the greatest challenge, as there are otheerows development challenges  facing the regich su
as high poverty rate, poor health facility, low edtional attainment, weak institutions and highrgption
among others, however, the challenge of climdi@nge could worsen the developmental problems
and slow the pace at which the region moves towdrelsttainment of the MDGs. The impact of climate
change is directly felt on its impact on povertydieas it accentuates it
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1.1 Attitude towards Climate Change

In fact UNIDO (2004) casts doubt on the abilityS$A to achieve the MDGs let alone mitigate climate
change. For SSA to achieve this, it needs the st the international community. Climate change
mitigation efforts would only be effective when ttegion breaks out of the vicious cycle of poveRue
to the precarious economic situation in SSA, isdudimate change has not attracted much atteriridne
literature and among policy makers or at worstr@sentered the priority list of many SSA countri€bis
attitude has further made the developed countndso (are the worst polluters) to take appropriate
mitigation measures or at worst implement the Kymrmtocols, thus in the two ends, the SSA are woffse
and merely bore the negative externality with ntnadequate compensation.

This inactive or passive response however begaochémge in 2006, when Nicolas Stern ignite the
passion to rescue SSA from the imminent dangen foiimate change when he addressed the issue
among other African leaders and economists aboet itfportance of climate change to economic
development in the region. This position was furtt@roborated by IMF (2007) where it clearly spdhe
impact of climate change to economic developmentinduthe Bali conference in Indonesia. The
conference observed that many SSA countries wotdfep adaptation measures more than mitigation
measures, as many of these countries already hawe $orms of indigenous/traditional adaptation
measures. This can then be complemented with tlteemadaptation techniques.

Brown et al (2009) using national level precipibatistatistics that incorporates spatial and tempora
variability within each country, links precipitatiptemperature and economic growth to identify iotpaf
climate change on SSA economies and records stiadtaegative impacts.

A climate risk assessment is used to provide dnedation for adaptation planning. The vulnerab#itof
SSA economies are investigated using econometralysin, Stern (2007) estimated that negative
consequences of climate change are sizeable ametightthe certain costs of acting now to avoid éos
consequences. Nordhaus (2006), Tol (2002), NordaadsBoyer (2000) are among early scholars that to
document the impact of climate change on economieldpment. Though most of these efforts focus on
changes in temperature, and this primarily dependfie sensitivity of a country’s economy to climat
Many SSA countries are tropical countries that @mean average less wealthy and more dependent on
agriculture, face more challenging baseline climateerms of rainfall variability and have less dmped
infrastructures and lack financial instruments sashinsurance and markets to mitigate these eff€bis
region also carries a disease burden that is exaiezt by epidemic outbreaks of malaria linked tmate
variability (Brown et al 2009).

2. Literature Review on Climate Change and Economic Development
Studies on the climate change-development nexes tdike two approaches, these are the enumerative a
integrated (Fankhauser and Tol, 2005). The enumerapproach focuses on the effects of climate
change on a particular sector of an economy and diggregates these effects. The major limitatiothisf
approach is that it overlooks the interlinkages agh@ectors, or the contagious effects of several
interrelated sectors.
The integrated approach models this nexus throaganpetization of the climate effect on economiea as
whole in a simple way. The limitation of this apach is the presumption that climate effect is ganer
similar in several countries, but it is obvioustticimate effect operate differently in differerggions.
Despite this limitation, the integrated approachtils relatively more favoured.
The effect of climate variability is a significamomponent of the geography effect noted in the
development literature. Sachs (2001), Easterlylauine (2003), Rodrik et al (2004) all identified the
impact of geography in economic development. S§2061) identifies climate variability as one of the
idiosyncratic challenges of the tropical economiBsown and Lall (2006) find that inter-annual and
intra-annual precipitation variability were sigiedint contributing factors to the variation in glbimeome.
High levels of hydro-climatic variability characized by drought and floods impair development. ko
destroy o=infrastructure, disrupt transportatiod asconomic flows of goods and services and can tead
contaminated water supplies and outbreak of wateebdisease epidemics. Drought is one of the weorld’
most expensive disasters destroying the econonetilibod and food source for those dependent on the
agricultural sector or their own food production.
World Bank (2004) demonstrates that hydrology aaidfall variability have major impacts on economic
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development. Grey and Sadoff (2007) find that hiallic affects on the Ethiopian economy that
occurrence of droughts and floods reduced econgmiath in Ethiopia by more than one-third.

Walker and Ryan (1990), Dercon (2002) observe tmhate variability is a dominant source of
consumption risk in small holder rain-fed agricoitin SSA. Zimmerman and Carter 2003 opine that
climate change contributes to price variabilityreégions where markets and transportation infragirac
are poorly developed. They also contend that dimeg@oor have fewer buffers against climate riskdlgh
their own assets or financial markets, they tenejgerience disproportionate livelihood risk in thee of
climate variations. Many empirical analyses useeighted anomaly standardized precipitation (WASP)
index in place of an annual average (Lyon and Bam<£005).

2.1 Climate Change- an overview

Climate change is a global problem and requiresohad solution. In recent years, addressing climate
change has been high on the international poliendg. There is now a consensus that to prevenglglob
warming from reaching dangerous levels, actionésded to control and mitigate GHG emissions and
stabilize their atmospheric concentration withiraage of 450-550 parts per million (ppm) (IPCC 2007
The lower bound is widely considered a desirahigetitand the upper bound a minimum necessary tdvel
mitigation (Stern 2007). The international commun& now working toward an international climate
regime under the United Nations Framework Conventa Climate Change (UNFCCC) that aims to
stabilize GHG atmospheric concentration and pro@deng-term solution to the climate change problem
through international cooperation based on thecjpia of common but differentiated responsibilityhile

the responses of the major current and future Ghi@tiag economies under the UNFCCC hold the key, a
successful global solution requires the particgratf all countries, developed and developing.

Climate change can be broadly described as ‘anpgehdn climate over time, whether due to
natural variability or as a result of human activifPCC 2007). Natural sources of climate varigpil
include modifications to ocean currents, continedt#t and solar and volcanic activity: all thesgay
result in random variation in climate along a couithng average. Such trends in climate are natural,
pre-existing and have been experienced on a gtulade for thousands of years (CSIRO 2006).

However, more recent usage of the term ‘global a&ten change’ (GCC) typically refers to
anthropogenically-induced changes to the globahaié. In particular, it refers to excess greenh@ase
emissions, such as carbon dioxide (CO2), methadesalfates, which are produced by industrial attivi
and the burning of fossil fuels (CSIRO 2006). Hlaispeaking, the release of these gases intensifees
natural greenhouse effect of the earth, resultintdpé capture of more radiant heat originally sedrfrom
the sun. This produces higher-than-normal levelglathal warming via the enhanced greenhouse eféect,
situation that has been associated with a numbeéetoimental consequences.

2.2 Vulnerability to climate change

Reid et al (2007) documents that it is becomingelyicacknowledged that poor nations will suffer most
from the effects of climate change. This vulneigpgtems partly from their geographic locationaireas
such as drought-prone sub-Saharan Africa or flowdg Bangladesh. Their capacity to cope with clanat
change is also lower than that of wealthier natibesause of limited financial resources, skills and
technologies and high levels of poverty.

The IPCC recognizes Africa as a whole to be “onéhefmost vulnerable continents to climate varigbil
and change because of multiple stresses and loptieglacapacity” (IPCC 2007). Besides this, many
African countries are heavily dependent on climsgasitive sectors, such as rain-fed agriculturguds
like food scarcity and inequitable land distributimake the African continent particularly vulneeabin
addition, development challenges like high popafatgrowth rates, high prevalence of diseases ssch a
HIV/AIDS and malaria, growing poverty, inadequatechnological development and insufficient
institutional and legal frameworks to cope with ieonmental degradation all make it even harder for
Africa to cope with additional challenges like clite change (Sokore al. 2001).

Reducing the impacts of climate change on poor t@srequires action now, both at the level ofuadg
greenhouse gas emissions and helping those cautitdae are particularly vulnerable to climate creatg
adapt to its impacts. This, however, requires ddimeslitical will, and whilst ministerial rhetorits often
strong, translation into action is usually piecelmBeedictions of temperature and precipitationnges for
vulnerable regions seem to gain little policy traetwhen it comes to domestic development policldsgs
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is not because of a shortage of scientific consesuthe realities of climate change. A more prébdab
explanation for the lack of political action is tligct that the multilateral climate change prociss
complicated and slow, and relies on reaching cansethrough negotiation. Policymakers also featr tha
serious action on climate change will be a domeéstite loser’, and see climate change as a proltay
hope can be avoided within their political lifetime

One way to tackle these challenges and raise dinciange concerns further up the agenda for
policymakers is to try to put an economic valuetlo® environmental impacts from climate change. This
can both strengthen the argument for early actiad, provide evidence to convince the electoratassttie
lifestyle changes required will actually be of leteggm benefit to them and their children. The Stern
Review on the Economics of Climate Change, led by tUK Government but global in scope,
demonstrated both these arguments to great efi¢etn( 2006). Even though some specific assumptions
and estimates in the Stern Review have been sutgjeniticism from other climate economists (see fo
example Dasgupta 2006; Nordhaus 2006; Tol 2006n&teand Persson 2007 and Weitzman 2007), the
mainstream economics of climate policy seem to srifghe fact that on a global level, the estimatests

of starting to reduce emissions today is lower thizen expected damages that might otherwise occur
(Nordhaus and Yang 1996; Nordhaus and Boyer 198192002; Mendelsohet al. 2000; Yoheet al. 2007

and Nordhaus 2006). The Stern Review, for exanspiggests that “[the costs of stabilising the clienare
significant but manageable; delay would be dangeemd much more costly” (Stern 2006).

Even though there is still uncertainty over the mtagle of costs and benefits of reducing emissmms
global scale, there is a general consensus amamgtel economists that poor countries will be most
negatively affected by climate change. Figures fhralvide a clear message on what climate change
impacts can be expected will also be powerful nattixs for policymakers in developing countriestarts
considering climate change as a part of their natidevelopment policies; some investments in adipt
today might curtail future climate change costs.

2.3 Climate change and economic growth

The IPCC reports, the Stern Review, and many atheties point out that climate change has impartant
and in most cases negative effects on ecosystethéiamans. However, estimating the consequences of
climate change for economic growth, the relatiopshe are interested in at this point in the argumisn
very tricky for various reasons. Climate and weathgact on almost all human activities from lestio
agriculture to industrial production. But even wheansidering only a few activities, for example
agriculture or industrial output, the estimatiosktaemains quite daunting. The main reason is ttiat
impact of climate change will vary with levels afomomic development and political capacity of artoy
with levels and types of climate change (more/lags, high/lower temperature; more/less frequent/@n
intense storms, etc.). In other words: althoughnendc and political actors will of course respomd t
climatic conditions by developing and implementadgptation strategies, their ability to do so degen
critically on institutional, economic, and techngilal capabilities.

The existing literature provides ample evidence tianate change affects economic output (GDP).(e.g
Mendelsohn et al., 1998; Mendelsohn, Dinar & Witiy 2006; Nordhaus & Boyer, 2000; Tol, 2002;
Deschenes & Greenstone, 2007; Barrios, Bertinel8tébl, 2010). This also suggests that climatengha
should affect economic growth. If climate changieatd only the level of economic output, for exdenp
by reducing agricultural yields when temperatursesi (precipitation falls), this would imply that
subsequent temperature decreases (precipitatioraises) — due for example to stringent abatement of
emissions — should return the GDP to its previewell But this is not the case if climate chandecas$
economic growth. The reasons are the followingstFgconomic growth will be lower even if GDP retsir

to its previous level because of forgone consumpdiad investment due to lower income during théoger

of higher temperature (lower precipitation). In #idd, as long as countries spend some resourcaddpt

to climate change, they incur opportunity costderms of not spending these resources on R&D and
capital investment. This has negative effects amnemic growth. Moreover, given the shortness of the
times series used in existing research on climtisgete on economic conditions, even slightly peesis
effects on the level of output will impact on tremple mean of growth. That is, using economic ghowt
rates will also capture the effects on GDP levBlg. using the level of GDP instead of its growttermay
miss the effects on the growth rate. For theseoreasve concentrate on climate change effects on
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economic growth.

The empirical literature offers some evidence ttimhate change affects economic growth. For inganc
Miguel, Satyanath & Sergenti (2004) find that ralhfrowth increases economic growth in Africa. IDel
Jones & Olken (2008), using data on temperaturepredipitation for a panel of 136 countries oves th
period 1950-2003, show that higher temperatureg large negative effects on growth, but only inmpoo
countries, whereas precipitation has no effect. Bu¢hors also find that the estimated impact of
temperature in poor countries is large — a 1o Cptature increase reduces economic growth by 1.09
percentage points. In summary, we postulate, apcsten by the literature, that climate change sthoul
have important negative effects on economic growth.

2.4 The economics of climate change impacts: ppwenplications

The economic literature on climate change impaatsrot always agreed upon the likely welfare impact
of climate change, even when it includes non-maviedties. However, most of these studies have been
concerned only with agricultural impacts in indigdized countries, especially in the USA and Candda
example, Weber and Hauer 2003; Deschenes and &rerZ007; Mendelsohn and Reinsborough 2007).
In global studies, there is general agreementghat countries, particularly those in Africa (R&@05;
Simms and Reid 2005) will suffer the most from @be change impacts. Economic impact assessment
studies at a global level generally conclude that global benefits of acting today outweigh thebglo
future costs of uncontrolled emissions, particylécause of the high damage estimates for the fants

of the world (Nordhaus 1994; Nordhaus and Yang 19892002; Mendelsohat al. 2000; Nordhaus 2006
and Stern 2006). Developing countries are oftenemuirectly dependent on their natural resource ,base
implying that climate sensitive sectors in thesantnes make significant contributions to natioG4DPs.
Winters et al (1998) focus on the economic and welfare impaftslimate change due to changes in
agricultural production in different parts of thewtloping world. The study suggests that Africa in
particular, due to low substitution possibilitiestlween imported and domestic foods, will most kel
experience significant income losses and a dragirsumption of the low-income households as a tresul
of climate change. Mendelsotat al. (2006) examine the distributional impact of clima&hange on rich
and poor countries and predict that poor countridisbe most vulnerable due to their location. Altigh
these studies are insightful, they do not necdggaedict what will happen to particular poor comnmities
within a country. But there are many reasons tgebelthat poor people in a country will bear muéhhe
burden; they have less access to capital, makihgrder for them to adapt to climate change orlpmase
their way out of reductions in crop productivity byying food. Many poor people also live in vulrgea
locations, such as floodplains and coastal areabtteey often lack access to the social safety, néigch
protect wealthier individuals in times of need.

2.5 Climate Change Impacts Economic Growth

According Pearce et al. (1996), Economic reseanctlimate impacts has long revealed that only déith
fraction of the market economy is vulnerable tanelie change: agriculture, coastal resources, energy
forestry, tourism, and water. These sectors makabopit 5 percent of the global economy and theirests
expected to shrink over time. Consequently, evatinfate change turns out to be large, there iga to

how much damage climate can do to the economy.

Most sectors of the global economy are not clinsatesitive. Of course, the economies of some camtri
are more vulnerable to climate change than theajlaberage. Developing countries in general have a
larger share of their economies in agriculture fomdstry. They also tend to be in the low latitusdsere

the impacts to these sectors will be the most sevEne low latitudes tend to be too hot for the mos
profitable agricultural activities and any furthearming will further reduce productivity. Up to §@rcent

of the damages from climate change may be condedtia low- latitude countries (Mendelsohn et al.
2006).

Some damages from climate change will not affeetglobal economy, but will simply reduce the guyalit
of life. Ecosystem change will result in massivétsharound the planet. Some of these shifts aieady
reflected in agriculture and timber but they godrey the impacts to these market sectors. Parkstiued
conservation areas will change. Animals will chatiggr range. Endangered species may be lost. édfno
these impacts likely lead to losses of nonmarketdgoit is hard to know what value to assign tes¢he
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effects. Another important set of nonmarket impaot®lve health effects. Heat stress may increase.
Vector - borne diseases may extend beyond current rangéientex events could threaten lives. All of
these changes could potentially affect many pedplee do not adapt. However, it is likely that pigbl
health interventions could minimize many of thessks. Many vector borne diseases are already
controlled at relatively low cost in developed ctigs. Heat stress can be reduced with a modicum of
preventive measures. Deaths from extreme eventdbearduced by a mixture of prevention and relief
programs. As the world develops, it is likely thia¢se risks may involve higher prevention costs,nmt
necessarily large losses of life. Further, winteexl to higher mortality rates than summers soay mell

be that warming has little net effect on healthriégtural studies in the United States suggest tha
impacts of climate change in midatitude countries are likely to be beneficial foost of the century and
only become harmful towards the end of the cenfddams et al. 1990; Mendelsohn et al. 1994). In
contrast, there will be harmful impacts to agriatdtin African countries (Kurukulasuriya and Mersidin
2008a), Latin American countries (Seo and Mende&lsa®08a), and China (Wang et al. 2009) starting
almost immediately and rising with warming. The malesize of these impacts is lower than earlier
analyses predicted because of the importance gftaitan. Irrigation (Kurukulasuriya and Mendelsohn
2008b), crop choice (Kurukulasuriya and Mendels@008c; Seo and Mendelsohn 2008b; Wang et al.
2009), and livestock species choice (Seo and MenHal2008c) all play a role in reducing climate &wig.
The studies above document that current farmeralegady using all of these methods to adapt toatk
today in Africa, Latin America, and China.

Other sectors that were originally expected to benaged include timber, water, energy, coastal, and
recreation. Forestry models are now projecting brbahefits in the timber sector from increased
productivity as trees respond positively to a warnnetter, CO2 enriched world (Sohngen et al. 2002)
Water models tend to predict there will be damaagefiows in major rivers decline. However, the sife
the economic damages can be greatly reduced byatihg the remaining water efficiently (Hurd et al
1999; Lund et al. 2006). Energy models predict thatincreased cost of cooling will exceed the cedu
expenditures on heating (Mansur et al. 2008). S&\grographic studies of sea level rise have assume
there would be large coastal losses from inunddtibohols 2004; Dasgupta et al. 2009). Howeverefidr
economic studies of coastal areas suggest that mgist valued coasts will be protected (Neumann and
Livesay 2001; Ng and Mendelsohn 2005). The costanfl structures built over the decades as seaslevel
rise will be less than the cost of inundation tbaur populations. Only lessdeveloped coastal areas are at
risk of inundation (Ng and Mendelsohn 2006). Ihistudies of recreation measured the losses tekhe
industry of warming (Smith and Tirpak 1989). Suhsag studies of recreation, however, noted that
summer recreation is substantially larger than evintecreation and would increase with warming
(Mendelsohn and Markowski 1999; Loomis and Creg89). The net effect on recreation is therefore
likely to be beneficial. As economic research orpacts has improved, the magnitude of projected
damages from climate change has fallen. Early eséisprojected that a doubling of greenhouse gases
would yield damages equal to 2 percent of GDP b§02(Pearce et al. 1996). More recent analyses of
impacts suggest damages are about an order of mdgnémaller (closer to 0.2 percent of GDP) (Tol
2002a,b; Mendelsohn and Williams 2005). The redbah damages have been shrinking is that the early
studies (i) did not always take into account sorh¢he benefits of warming to agriculture, timbenda
tourism; (ii) did not integrate adaptation; and) (lalued climate change against the current econam
least with small amounts of climate change, theebenappear to be of the same magnitude as thagksn
Only when climate change exceeds 2 degrees Cealsiuthere net damages. Many early studies assumed
victims would not change their behavior in respamssustained damages. More recent studies havensho
that a great deal of adaptation is endogenousouéignment programs also support efficient adaptatio
the magnitude of damages falls dramatically. Findlly examining the effect of climate change on the
current economy, early researchers made two mistdhest, they overestimated the relative futuee sif
sectors that are sensitive to climate such aswgrie. Second, they underestimated the size ofiuttuge
economy in general relative to climate effects.

Economic analyses of impacts also reveal that fibléyw a dynamic path, increasing roughly by theae

of temperature change (Tol 2002b; Mendelsohn arlilaWvii 2007). The changes over the next few decades
are expected to result in only small net effectesivof the damages from climate change over thé nex
hundred years will occur late in the century. Thessilts once again support the optimal policytafteg
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slowly with climate change and increasing the stgss of regulation gradually over time.

2.6 Mitigation Costs

The literature on mitigation predicts a wide ramfeosts. On the more optimistic side, there aneiraber

of bottom- up engineering studies that suggest mitigation beinexpensive. Some studies argue that one
could even stabilize greenhouse gas concentrationsgative costs (IPCC 2007b). The engineerindjestu
suggest one could reduce emissions by 20 to 3&peby 2030 for as little as $50 per ton of COX(IP
2007b). There is even a supesptimistic technical change camp that argues eonsstould be cut by 70
percent by 2050 for as little as $50 per ton of GS2rn 2006).

The empirical economic literature suggests mita@yattost functions are price inelastic (Weyant ariitl H
1999). Using today’s technology, the average abat¢rost for a 70 percent reduction in carbon m th
energy sector is estimated to be about $400 peoft@O2 (Anderson 2006). The shentun mitigation
function is very price inelastic. The long run &s$ clear. With time, it is expected that the shoun
marginal cost curve for mitigation will flatten.

However, whether it ever gets as flat as the ogtimengineering models project is not clear. Aglastic
short- run marginal cost function implies that large retthres of emissions in the short run will be very
expensive. There simply is no inexpensive way thuce emissions sharply in the short run. Renewable
energy sources such as hydroelectricity have lardgeén exhausted. Solar and wind power are expensiv
except in ideal locations and circumstances. Oshrategies such as shifting from coal to natural ¢gn
work only in the short run as they cause more rdpiaetion of natural gas supplies.

In the short run, a rushed public policy is liketybe inefficient. It will likely exempt major palters as
Europe now does with coal. Very few national mitiga programs regulate every source of emissiorstMo
countries have sought to reduce emissions in ongreow sector of the national economy.

Rushed programs will likely invest in specific tadiogies that are ineffective, such as the UnitedeS
has done with ethanol. Ethanol produces as mucbnpmuse gas as gasoline. The inelasticity of the
marginal cost function implies that mitigation prags that are not applied universally will be very
wasteful.

Regulated polluters will spend a lot to eliminatarggle ton while unregulated polluters will sperathing.
Universal participation also requires that all magmitting countries be included. The signatoryrdoes
that limit emissions under the existing internasibKyoto agreement are responsible for only abmég o
quarter of global emissions. The United StatesGinicia generate another one half of emissions dribeal
remaining developing countries approximately enhi¢ tother quarter. Whereas Kyoto countries are
beginning to spend resources on mitigation, n&tyoto countries spend little to nothing. Even witlhe
Kyoto countries, many countries are failing to te#ueir targets. By failing to get universal apgtion of
regulations, the current regulations are unnecigsaasteful. Without near universal participatiaine
cost of mitigation doubles (Nordhaus, 2008). Intfélse current Kyoto treaty is so ineffective tigibal
emissions are rising at the pace predicted witinitmation at all. Global CO2 emissions in 2006 e8r4
gigatons of carbon (GtC).

Stern and other climate advocates recommend thet stgulations be placed on emissions immediately
Stern recommends regulations that would increasertairginal cost of emissions to $300 per ton of CO2
The stricter regulations would reduce emissiongd®yGtC per year (70 percent) by 2050. If the maagin
cost does not fall, the cost of this program wal &iL.2 trillion per year by 2050. Of course, itikely that
long - term marginal costs will be lower with technicalaclge. Assuming that costs fall by 1 percent per
year, the marginal cost would fall to $200 per tdrCO2 by 2050. The overall cost of the Stern paogr
would be $800 billion per year in 2050. The presesitie of mitigation costs in the Stern program is
estimated to be $28 trillion (Nordhaus 2008).

The optimal regulations that minimize the preseaiug of climate damages and mitigation costs areemo
modest. They would begin with prices closer to $20 ton of CO2 then rise to $85 per ton by 2050
(Nordhaus 2008). That would lead to a 25 percahtiction in greenhouse gases by 2050 rather thantthe
percent reduction in the Stern program. The presahte of the global mitigation costs of the optima
program this century is estimated to be $2 trill{plordhaus 2008). These costs are an order of matmi
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less than the cost of the Stern program.

3. M ethodol ogy

This study employs micro panel data framework tovalfor differences in the form of unobserved
individual country effect. Panel study has a numbkldvantages over time series or cross-sectional
studies. These include its ability to control fodividual heterogeneity as well as state and tinvariant
variables which are not possible with either tiredes and cross sectional study (Baltagi, 1995urther,

it gives more informative data, more variabilitgs$ co-linearity among variables, more degreeesdom

and efficiency.

The fixed effect (FE), random effect (RE) and Haasrest based on the difference between fixed and
random effects estimators were conducted. The feféztt is appropriate if we are focusing on a ffjec
set of firms or countries and our inference is fadito the behaviour of these sets of countriethoiigh

FE is more appropriate, it is often observed thatd are too many parameters in the model andthieus
possibility of loss of degree of freedom that can dvoided by assuming that the individual effect is
random. The random effects (RE) model is an apatgpspecification when drawing a sample out of a
large population. The test revealed that the randdfect is the better estimation method. However, a
maximum likelihood estimation method was also usecbnfirm the robustness of the model.

3.1 Data sources and analysis

Data on Carbon dioxide (GPemissiorand GDP per capita used for this study were draam the World
Bank data base for the period of 2006-2007. Inwad, have 45 countries of Sub-Sahara Africa in the
sample.

3.2 The empirical model
The empirical model is represented by the real Q@BP capita growth rate (y) and is assumed to be
affected by the rate of G@mission (C). Thus, we specify a simple growth nhadeere the economic
growth is influenced by
y =f(C).
The model
AlYi =ag+ By G + &
where
Y= dependent variable measured by the growth ratieeoreal GDP per capita
a = intercept
B = parameter to be estimated
C = carbon dioxide (C&emission
€ = error term
t = 2 (humber of years)
i =45 (number of countries)
From the above specification, a theoretical a pegpectation is that C&mission has negative impact on
growth; hence, we expe@; to be negative and significant indicating that lQiCQ emission retard
growth.

4. Resultsand Discussion

The estimation results are presented in Tablehe @iagnostics tests such a§ Rikelihood Ratio,
Chi-Square and estimated value for the Log-likedithéunctions are generally satisfactory. The exatary
variable accounted for about 82 percent of theatians in the economic growth of the sub-Saharaicaf
countries suggesting high predictive ability of maw dioxide emission. The overall fit, expressedthsy
likelihood test, is high and significant.

The coefficient of carbon dioxide emission is figei and statistically significant at 5 per centurit
increase in industrial growth associated with,@®ission would increase growth by 0.79. This result
indicates direct relationship between increasimygtrial growth and economic growth. It furtherisates
that economic growth necessitates higher amoueahefgy consumption and thus carbon dioxide and othe
pollution emission. Essentially, all countries tleiperience economic growth also reports risindpaar
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dioxide emission (Karlssoat al. 2002). Similar studies have found that carborxid® emissions have
grown in line or faster than GDP in India and Bramier the past 30 years, and also Mauritius- a sub
Saharan nation (Boopen and Vinesh, 2010).

Although the positive relationship may be errorgpunterpreted as suggesting that £@pact
positively on economic growth, however, the redeefis that higher C&emission only indicates higher
development of industrial sector.

It is expected that as economic development a@tete with the intensification of agriculture and
other resource extraction, the rate of resourcéetlep begins to exceed the rate of resource regéna,
and waste generation increases in quantity anditgxi his leads to increase in G&€mission. This is more
plausible for developing sub-Saharan Africa coastrvith much dependent on available natural regourc
exploration.

See Table 1
5. Conclusion
SSA contributes very little to the greenhouse gass&on that drive global warming, due to higheleof
vulnerability in the region, mitigation of climatdange through GHG reduction should be of loweorjiyi
than adaptation to the adverse effects.
The region’s ability to manage climate variabil@ggn be improved; however, they propose improvirgg th
ability of economies to manage their current clienahallenges is the foundation of adaptation. Gkma
risk assessment is a process that facilitates dbatification and management of climate risks. By
successfully managing current climate risks, ecanarowth can be engendered and countries should be
in a better position to manage future challengaesrelasing the vulnerability of the region to gaseou
emissions through increased industrial developmentery likely to enhance economic growth but
increased gaseous emission without correspondihgstrial activities may enhance the vulnerabilityhe
region to decrease in economic activities and #pacity of countries in the region to adapt toclmate
changes that do occur.
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Note:
Table 1. Climate change and economic growth

Fixed effect Random Maximum

estimation effect likelihood

estimation estimation
n Standard n Standard N Standard
errol errol errot

Constant 7.231251 .295599 7.580685 .1027728 7.%8152 .0997437
Log of CO, 4062825 .3225992 .7880071 .062269 .7889251 .06596
R’ 0.822: 0.822:
F-tes 1.5¢
(p- value! 0.216:
Wald-Chi(p- 160.15 0.000
value)
LR  Chi-bar 163.34 0.0000
sq (p- value)

Notes:” indicate statistical significance at the 5 per deneél
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