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Abstract

This paper assessed the economic welfare implitatidd cocoa production as is currently practiceGhana.
This is against the background of global consetsusit down on carbon emissions, putting a demandocoa
producing countries like Ghana to mitigate climelt@nge through cuts in deforestation and forestadkzgion.
Secondary data was quantitatively analyzed, folgwan integrated impact assessment model process to
determine the net economic welfare effect of copaaduction in Ghana, in a changing global climatbe
results show that Ghana makes a net welfare loss lefast US$1.3 billion per annum by producingoeothe
way it does currently. Thus cocoa production incitsrent form in Ghana reduces economic welfareavf@d

the needless welfare loss through the quest fonao@ growth through the current cocoa production
framework, Ghana would need to resort to carbodiritp serious government commitment to the coufse o
climate change mitigation from land use changefarestry and sustainable agroforestry.
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1. Background of the study

The Paris Agreement on Climate in December 20151gMcountries and the European Union indicatirggy th
willingness to contribute to the reduction of glblarbon dioxide (Cg emissions. The resolve was to hold
global temperatures to no more tha@ Z2bove preindustrial values. The agreement definedourse of action
by governments between 2020 and 2030 after ned@njears of negotiations (Coder al 2016).

Human caused climate change has in recent times defrag on economic welfare not only in developing
countries but also in developed ones. EstimateshiorUnited States of America show that the countwyld
lose between 1-3% of Gross Domestic Product (GDRyally due to anthropogenic climate change (Nandha
& Boyer 2000; Ackerman & Stanton 2008). The tolloorer countries has been rather high, leadingnigtto
loss of GDP but also long term disruptions in tivelihoods of whole communities and loss of humaed in
some cases.

Following economic analysis, greenhouse gas (GHfjs®ons, which cause planetary climate changes,
represent both an environmental externality andotleuse of a common property resource. Curreinnatts

of the planet’s absorptive capacity are about 2850 current human caused emissions of carbonyingpkhat

a reduction of at least 50-80% is needed. The ldpmeent of national and international policies tumbat
global climate change remains a huge challeng@lving many scientific, economic, and social iss(idarris

et al 2015). One of such issues occurs in Ghana’sagrial sector in the form of cocoa production.

2. The problem

Since its introduction in West Africa, cocoa hagibéhe major cause of land use change in the loigistf zone
of the region, where it has replaced agricultueg thcluded fallowing to maintain fertility (Gock®ki & Sonwa
2007).

The progressive adoption of new varieties decouftech recommended farming practices has come at a
considerable cost in terms of deforestation andlibérsity loss. While clearing land for cocoa protion
inevitably implies some loss of forest cover, déelgtion has accelerated in recent years througmtiauction
and progressive replacement of the traditional sfpendent and tolerarfietteh Quarshievariety with the
new open-field hybrid one, which —unlike traditibrieees that still need on average about 30 to d@ent
crown cover - grows in full sun conditions. Curigntn nearly three quarters of the cocoa belt bh@a (72%)
shade is light or almost nonexistent (Gockowskidg®a 2007).

Farmers have a strong preference for full sun systbecause of the higher short-term profitabilityich is

linked to their much shorter growing cycle (Olgtial. 2007). However, in full sun systems the damagenfr
capsid attacks tends to be higher than in shadst@érag, and carbon stores are reduced by half cgrittahe

higher carbon sequestration potential of the i@t shaded cocoa systems (Norris 2008).

One major omission of climate change inventorie&hana has been their silence on the contributiaocoa

production to climate change. For instance, in@mna Environmental Protection Agency’s Greenh@ase
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inventory report for 1990 to 2006 published in 2QE®A 2010), no mention was made of emissions ftoooa
production even though the agricultural sector westussed at length. This knowledge gap needs urgen
bridging particularly considering the welfare ingations of such omission for the several vulnergigeple in
Ghana and the world at large. In addition, the eoaun welfare implications of current cocoa prodooti
practices need to be known to inform policy towasdstainable national development in a changingailo
climate.

This study therefore seeks to assess the econamlations of the extent to which cocoa produciioGhana
has contributed to carbon dioxide emissions buj to cause both current and future climate chaltige.
specifically tries to determine the economic welfaffect of Ghana's cocoa production in a changjlaipal
climate. The following section provides an overviedvthe cocoa sector in Ghana. This is followed ey
conceptual framework linking the cocoa sector toneenic welfare. The analysis of data then folloleading
to the discussion of the main findings. The papealliy proposes the way forward for cocoa productio
Ghana and concludes.

3. Ghana's Cocoa Sector

Cocoa has provided significant income to the Gramaiconomy for over one century. From as early8es
cocoa was being exported as a cash crop from Gifdjmah & Opoku 2010). Beginning from 1910/1911,
Ghana became the leading cocoa producer in thelymtil 1977. Currently, Ghana produces about 21%e
70% world cocoa supply emanating from West Afridagnte-Poku & Angelucci 2013).

With an annual production level of over 700,000 ninetons between 2003 and 2013 (ICCO 2014), and an
estimated cultivation area of approximately 1.6ioml hectares (FAOSTAT 2015), cocoa production lbasn a
major contributor to the economy of Ghana. Cursgritlis estimated that the cocoa sector employsutb
million people (Anthonio & Aikins 2009), comprisingver 800,000 farm families (these include 350,80
owners, share croppers and their dependents) wiwndeon cocoa production for 70% - 100 % of thaimual
income (Asamoah & Baah 2003). Just as cocoa prmguis critically important to individual farmingamilies
and other players in the cocoa sector; it is alstagor cash crop and foreign exchange earner toctiuntry’s
economy. In 2010 for instance, cocoa accounted flitle over 8% of the country’s Gross DomestiodRrct
(GDP) and 30% of total export earnings (Ashitey 204sare 2015). Cocoa became attractive as a caphirt
Ghana because of the lower cost involved in itgivation, compared to crops like palm, as well bhe t
favourable natural conditions that existed in thwee$t belts.

3.1 Cocoa and forests in Ghana

Cocoa cultivation has been criticized for its ciinttion to deforestation of Ghana’s tropical higirefst belt
(MSE 2002). It is estimated that about 50-70 %hef total areas of protected forestlands in Ghana baen
illegally encroached by cocoa farmers (England 198SE 2002; Wadet al 2010).

In Ghana, cocoa farms could be categorized as drigteavy shade if there exist about 22—-30 forestst per
hectare (ha) in the mix; medium shade cocoa fawnsist of 15-18 forest trees per ha (Manu & Teft@8&7;
Ofori-Frimpong et al. 2007; Opoku-Ameyat al 2010) and low shade cocoa farms have 5-6 treebgmtare
(Ruf 2011).

There exists however conflicting recommendationstenrequired number of trees per unit area coaoa,f
which is supposed to correspond to a certain p&agenof shade cover needed for cocoa production. Fo
instance, environmentalists claim that cocoa famith a diversity of forest tree species numberiry pér
hectare can provide a shade cover of 40% (Asares&e&\2008). This density is roughly equivalent &hade
tree spacing of 12 m x 12 m. Meanwhile, the Coceaerch Institute of Ghana (CRIG) recommends u8to
emergent trees>(12 meter height) per hectare (roughly a 24 m xr24pacing) providing permanent shade
cover corresponding to approximately 30-40% shaahéni-Kwapong 2006).

Ghana'’s forest cover has almost halved since 2009:4.6 million hectares remained in 2011 with iilion
hectares as forest reserves. Ghana's deforestatiens about 2 percent per year, representingsadb 135,000
hectares per year (FAO 2010). Recent assessmatitati that rates may have been accelerating imgdro
Ahafo and the Western Region. The major direct eaus deforestation as summarized in Ghana’'s Resslin
Preparation Proposal (R-PP 2010) have been agniaultexpansion, particularly for cocoa production,
harvesting for fuel wood and charcoal and illegadding (World Bank 2015). Recent expansion has been
greatest in the Western Region which now accowntvVer half of the production. Increasingly, farmare
shifting from shaded cocoa to open cocoa cultivatewcompanied by forested land encroachment.
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In addition, the government of Ghana has prioritizecoa as a commodity crop and is aiming to irsgemcoa
production from about 745,000 Mt to about 1,000,000per annum. However, one of the major problems
facing sustainable cocoa production in Ghana is tihancrease cocoa yield, some farms were estadalisn
clear cut forests providing poor habitats for aawenge of biodiversity (Asare 2006). In such ins&s, there is
increased cocoa yield, but this puts, significantiegical stress on the cocoa trees, which becarseeptible to
pests attack and productivity decline within relaly few years (Rice & Greenberg 2000).

Ghana has experienced significant forest loss tiroexpansion of the cocoa industry by promotiorzefo
shade cocoa production systems. This has gradedlitp the fragmentation of forest landscapes, ddsgildlife
corridors and forest connectivity and degradatibibiodiversity and the ecosystem goods and senticese
offer. One of the more prominent consequences dbrestation, which has significantly affected cocoa
production, is a significant loss of major soil memts. This has been a leading cause of the grathadine of
national cocoa yields (UNDP 2012).

3.2 Climate Change and cocoa production in Ghana

Ghana is already experiencing an increase in egtresather conditions, with higher incidences anijéw
periods of flooding and drought. In some degradeds attempts to replant cocoa have failed disedaling
mortality as a result of prolonged drought, lowl settility and an increased incidence of diseaaed pests
(Padi et al 2013). Negative changes like extended periodsawifall or drought, with its associated high
temperatures, have been argued to increase thefraisease and pest development, as well as mbdisy
resistance, which could lead to changes in theiplogg/ of host-pathogen/pests interaction.

Temperatures have warmed by 1°C over the past &% {&PA 2010). Ghana has a warm and comparatively
dry south east coast, is hot and humid to the saetft and hot and dry in the north. From 20-yeaeoled
data, temperatures in all zones are rising, when@agall has been reducing and becoming increisiagatic.

The seasonal distribution of rainfall is particljaimportant for the maintenance of the ecology @ndrent
cocoa production (EPA 2010).

The Government of Ghana has noted that the cosntiyfnate has become unpredictable and more intense
weather events can be expected, such as torreaire, excessive heat and severe dry winds asudt ks
climate change (EPA 2011). Temperatures in Ghaeaakeady high with a mean annual temperature above
24°C. Average figures range between 24°C and 30tt@©uwgh temperatures ranging from 18 — 40°C areemor
common. There will be warming for all regions, pararly the three Northern regions with increasds
between 2.1-2.4°C by 2050. This amounts to 1.7487@he Central regions and to 1.3 to 1.6°C forgsbathern
regions (EPA 2011).

The forecast for precipitation gives a cyclicaltpat over 2010-2050 for all regions, with high falhlevels
followed by drought every decade or so. Changesiiroff and stream flows will increase the riskflmfods
and/or droughts in both rural and urban areas. fgrkdicted changes in climate will have adverseatamd
environmental impacts including human well-beingod security and water availability with serious
consequences for cocoa production (EPA 2010).

4. Conceptual Framework

This study conceptualizes the result of cocoa o on climate change and eventually on econaveiéare
change by means of an Integrated Impact Assesdvhede| process. By definition, integrated assesssmseg¢k
to understand the linkages or interactions anddfaelkls among complex systems. Integrated Impactsassent
models (IAMs) of climate change are motivated by tleed to balance the dynamics of carbon accuronlati
the atmosphere and the dynamics of de-carbonizaficghe economy (Nordhaus, 1994) as has been faghti
through cocoa farming in Ghana. An example of theraction between the cocoa economy and climate1ss
is shown in Figure 1.
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Figure 1: Interactions between cocoa industty and climate systems (Adapted and modified from Ortiz &
Ilatkasyanda (2009

While cocoa production results in substantial fordsarance on a permanent basis, it also resulis increase

in the CQ stock within the carbon cycle as shown in Figur@His increases the atmospheric concentration of
carbon, affecting climate dynamics to contributegtobal climate change. Global climate change ttaumses
damage, which for the cocoa sector results in loyedds and higher costs of production. These cutowould
necessitate the use of existing resources to retigaadapt to the damage, leading to loss in ptiau which
has the tendency to make people whose incomes depercocoa production worse off. Therefore, cocoa
production can be viewed as a source of economifangereduction if the net value of the productamiivity is
negative (that is, a net damage).

It is worth noting that damage could occur throagmultiplier effect, creating more than proportitmdamage
even for a relatively small quantity of forest lo$fis would depend on the total economic valu¢hefloss of
forest cover, since forests have multiple functidbstimating the net damage or loss due to cocodugtion
would require the derivation of the individual lessthat are attributable to the corresponding @dsforest
cover. Current practice in Ghana and most devetppguntries assign a zero value to forest loss vithesmes

to cocoa production. This makes cocoa producti@mseery lucrative, an incentive which has the ptigéof
decimating the cocoa industry. For instance, wbdehon markets exist in many parts of the world, ¢hst of
cocoa production in Ghana still assigns a zeroevedcarbon, since it does not appear in the agkt bp. Thus
the real cost of cocoa production has been undeyastd, causing externalities. The nonmarket natéir@ost

of the ecological functions of the tropical foresay also be responsible for the zero value assigmdédem
particularly in developing countries, since thipaars to conceal their value.

4.1 Valuing forest loss

The types of economic value to be found in forests use values and non-use values. Use valuesteefer
willingness to pay to make use of forest goods sendices. Such uses may be direct, e.g. extraoBes, or
indirect, e.g. watershed protection or carbon gimréJse values may also contain option valuesingitiess to
pay to conserve the option of future use even thoug use is made of the forest now. Such optiong lbea
retained for one's own use or for another generatdon-use values relate to willingness to pay whie
independent of any use made of the forest now puae in the future. Non-use values reveal theirfadeted
nature of the motivations for conservation, e.dndpelriven by concerns about future generatiors,'rights’ of
other sentient beings etc. Some of these valuedassified in Table 1.

The sum of use and non-use values is total econeahie. It is this value that is lost if a forestais converted
to other uses or seriously degraded. Total econealite can then be estimated by summing individsal and
non-use values, or by seeking some all-encompasgitiggness to pay for the forest generally. Or tither

hand, benefits that could be obtained from forastliconversion include revenues from or direct a$esops,

grassland, agri-business, aquaculture and agrofpres
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Table 1: Instrumental economic values of tropicaé$ts and forest land conversion

Direct Use Values Indirect Use Values Land Convergh Values
e Timber * Watershed functions » Crops
»  Fuelwood/charcoal - Soil conservation
«  Genetic information - Water supply + Grassland
- Agriculture - Water quality
- Pharmaceutical - Flood/storm protection «  Agri-business
«  Recreation/tourism - Fisheries protection
* Global climate: « Aquaculture
+ Research/education - Carbon storage
- Carbon fixing «  Agroforestry
«  Cultural/religious * Biodiversity
¢ Amenity

5. Methodology

To reduce their loss of forest value and carbonssimm, cocoa sectors must first accurately meathae.
However, limited data and methodological complesitused to calculate emissions from land-use chéinge
this case, conversion of non-agricultural landdaaltural land for cocoa production) present adiher Though
lifecycle emissions analyses for chocolate produnctxist, most do not include emissions from lasd-change
resulting from the establishment of new cocoa petidn areas. Or, if they are included, estimatesraugh
(Harriset al 2015). Cadbury estimates that 169grams (6 ourafesyrbon dioxide equivalent are emitted into
the atmosphere for each 49grams (1.7 ounce) Daillydlocolate bar. This calculation includes engssifrom

the production of raw ingredients such as coco@oaobutter, milk and sugar, and from packaging and
distribution, but not from land-use change (Haetisl 2015).

This study as indicated earlier, estimates net @wion welfare change from Ghana’s cocoa productidgth w
particular reference to forest conversion. It emgplesecondary data mainly from Ghana Cocoa Board
(COCOBOD) and the United Nations Convention on &jital Diversity (CBD) compiled by Pearce (2001).
Emissions data from the Ghana Forestry Commissias mot used because the Measurement, Reporting and
Verification (MRV) System in Ghana identified a ltation for forest emissions data from the Comnaissilt
observed that Ghana's Forest Preservation PrograiffRfe) collected significant data and undertoolcessing
that did not provide a sufficiently complete timeries of land cover to generate land cover chataféstics
required to develop Intergovernmental Panel on @éntChange (IPCC) compliant Forest Reference Eomssi
Levels (FREL) (FC 2015). Additional years of remsetnsing classifications were thus required to riiéetid
Bank Forest Carbon Partnership Facility (FCPF)resfee period requirements and improve the estimaftes
historical deforestation and forest degradation @8a5). Not until this requirement is met, the dirase of
available carbon emissions data from the Commissionld convey inaccurate representations for cocoa
emission computations through deforestation.

Values for various forest resource functions werectically derived through total economic valuegssgation
procedure for tropical forests and fit the Ghanaiantext. Therefore, departing from life cycle cassessments,
which theoretically cannot capture total econonatue; this study derives the net economic welféuange for
Ghana through cocoa production. Specific attentagiven to CQ emissions due to their direct bearing on the
effect of cocoa production on climate change intzha

5.1 Carbon emission from forest conversion

A number of studies suggest potentially very largkies for the carbon storage functions of Tropicedsts. It

is important to distinguish between carbon stored standing forest that is close to ‘carbon bafaennd carbon
sequestered in a growing forest. In the former ¢thsee is an economic value to the carbon storddnauch of
which value is lost if the forest is burned or ledgdepending in part on the subsequent use afdheerted
land. Whether such a forest can realseh storage values depends on the baseline,ni.eshat is likely to
happen to the forest in the absence of some piagemt sustainable use measure (Pearce 2001).

Forest not under threat of conversion has a stovagiee but this value is unlikely to be realisetth@gh

forecasts of continuing rates of forest cover loksome 0.8% per annum does place a consideraldardrof

forest under threat (Pearce 2001). Forest thatrisatened in the near-to-medium future has a stovafue

which can be realised through protective measénesther way of thinking about the issue of storagkie is to
consider the lost value of the forest in the evantonversion. In this case, the carbon storagaevad lost.

Sequestration, on the other hand, relates solelygtmet fixation of carbon by a growing foresteNalue of the
carbon sequestered is the same, per tonne of caasoin the carbon storage case, but the value baill
aggregated only over the rotation life of the forethat applies (Pearce 2001).
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6. Analysis

6.1 Cost of carbon emission from cocoa production
There are an enormous number of studies on the@rcatored and sequestered in different forest typemswvn
and Pearce (1994) suggest benchmark figures foonazontent and loss rates for tropical forestshasvn in
Table 2. A closed primary forest has some 283 t@fhearbon and if converted to shifting agricultweuld
release about 204 tonnes of this, and about 22toif converted to permanent agriculture. Cagtrnal (1994)
found the carbon content of tropical forests t@B6 tC/ha.

Table 2: Changes in carbon with land use conversiopical forests tC/ha

Shifting cultivation with
shaded cocoa

Permanent agricultur
with no shaded cocoa

D

Original carbon

79
(54 soil, 25 biomass)

63
(mainly soil)

283

-204

-220

Closed primary forest

(116 soil, 67 biomass)

Source: Modified from Pearce (2001)

Using such estimates as benchmarks, the issues @dséind the economic value of such carbon stoeks.
significant literature exists on the economic vahfeglobal warming damage and the translation @&séh
estimates into the economic value of a marginat¢oof carbon.

A review of the literature by Clarkson (2000) sustgea consensus value of $34/tC. Eblal (2000) also
reviewed the studies and suggest that it is diffibn produce estimates of marginal damage abow@#t@5
Taking $34-50/tC as the range produces very higmates for the value of forests as carbon stdnepractical
terms, however, a better guide to the value ofaails what it is likely to be traded at in a 'carbmarket'.
Carbon markets have existed since 1989 and refdreteums of money corporations and governments hav
been willing to invest in order to sequester carlborprevent its emission. Several hundred 'carbfifset
investments of this kind exist, all of them volugtand unrelated to climate change legislation (=2001).

Zhang (2000) suggests that, if there are no limitat placed on worldwide carbon trading, carborditsewill

exchange at just under $10 per tC. If 'hot airtlitrg is excluded, the price will be $13/tC. Alsoeenge
agroforestry carbon credit prices increased fron$ BSto 10 between 2009 and 2010 (Peters-Stasiesl

2011). We therefore take US$10/tC as a conservattimate for computations in this study. It skidut noted
that these values relate to forests that are utitteat of conversion and capable of being the stibjé
deforestation avoidance agreements as in the ¢&&kama.

Planted area of cocoa in Ghana peaked at 2.0 mitigoin 2004, fell to 1.45 million ha in 2007 amse to 1.82
million ha in 2008, falling again to 1.63 millionahin 2010 and 1.80 million ha in 2015 (Asante-P@&ku
Angelucci, 2013; UNDP 2014; COCOBOD 2016). Giveis timstable posture, our analysis on cocoa fargssiz
as well as the total area of land under cocoa waistained at the 2002 inventory of the COCOBOD ghaw
Table 3, which, being the least among the figueesimred in 2007. Thus the size of the planted ased for our
analysis is 1,450,000 ha, with the number of fasmeing 350,000. The selected planted area costdaaicount
for changes due to recent forest bushfires in coegins as well as reported conversions of sormeacéarms
to food crop farms.

Table 3: Cocoa farm sizes and farmers in Ghana

Size range (ha) Total hectares in sjzdumber of farmers Percentage of farmers| in
range size range

Upto 0.1 187,155 120,750 34.5

1.1-2.0 218,481 87,500 25.0

2.1-4.0 336,633 85,750 24.5

4.1-8.0 287,363 40,250 11.5

8.1-20 191,863 14,000 4.0

20.1 -40.0 38,270 1,400 0.4

More than 40 190,235 350 0.1

Total 1,450,000 350,000 100

Source: Ghana Cocoa Board (COCOBOD) cited in Anwafong & Frimpong (2006)

The conversion of primary forests into cocoa plaote results in a drastic reduction of forest oarlo give
room and create light and air circulation condi$icadequate for cocoa production. For instancendionesia,
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the transformation of primary forests into cocoaSAdfecreased forest carbon by 75-88% (Stephan-Demetnt
al. 2007; Smiley & Kroschel 2008). Other estimatesrfrWest Africa establish forest carbon losses a76&
(Gockowski & Sonwa 2011). In Ghana, carbon lossesed by clearing primary forests to plant coceahed
75%, depending on the typology of the cocoa plamaiWadeet al 2010).

Thus from Table 2, the loss of 204tC per hectamiep for farm sizes of up to 2.0 hectares, whidditionally
are small and operate mostly under shade (Asarg)2Uhe remaining areas traditionally operate urigét to
no shade, losing 220tC per hectare due to convetsi@ocoa farms. These values were used to contpete
carbon lost in Table 4, with a multiplication by $i® per hectare providing the cost of lost cartmmefach
cocoa farm size range.

Table 4: Loss of carbon from forest conversiondooa and associated cost in US$/ha in Ghana

Size range (ha) Total hectares in sjzeoss of carbon (tC) Cost of lost carbon |in
range SH

Up to 0.1 187,155 38,179,620 381,796,200

1.1-2.0 218,481 44,570,124 445,701,240

2.1-4.0 336,633 74,059,260 740,592,600

4.1-8.0 287,363 63,219,860 632,198,600

8.1-20 191,863 42,209,860 422,098,600

20.1 -40.0 38,270 8,419,400 84,194,000

More than 40 190,235 41,851,700 418,517,000

Total 1,450,000 312,509,824 3,125,098,240

Source: Table 3 and Author’s computations using @BBversion rates

Table 4 shows the quantities of carbon lost throtiighvarious cocoa farm sizes as well as the quoreting
values lost through conversion of forest for cofavaning. For the 1.45 million ha of cocoa farm$23% million

tC are lost with a total value of US$3.1 billion.

Carbon stored in cocoa tress under mixed shadep@mon Central American plantations (9 tC/ha) careg
well with the 10.5 tC/ha stocked in an eight yeads full sun cocoa plantation in Ghana (Somargbal 2013;
Isaacet al 2007). Suppose it could be accepted with muchiarauhat cocoa trees are capable of storing
16tC/ha, since plantations are really not forethis;net loss could come down to 289.31 million tithva total
value of US$2.89 billion.

6.2 Net benefit of cocoa production

With respect to benefits from cocoa production, thean value of revenues from cocoa for 2010 to 2014
obtained from ISSER (2015) was used. These coverparts of cocoa beans, other cocoa products and
processed cocoa (Table 5). This mean value was B®fion per annum.

Thus with respect to carbon loss, the net benéfitogoa production per annum would be US$ (2,513-84
2,893.10) million, which is equal to negative US$26 million or —US$0.38 billion, indicating a nlelss per
annum. This shows that in terms of carbon losspaqggroduction in its current state in Ghana is avelf
reducing. The loss recurs annually because it septs the annual opportunity cost for producingoeocevery
year, in terms of C©emissions.

Table 5: Cocoa revenues for Ghana from 2010-2014

Product 2010 2011 2012 2013 2014
Cocoa Total (US$m) 2,219.6 2,870.8 2,828.6 2,267.3 2,382.9
of which:

- Cocoa beans (US$m) 1,594.4 2,027.9 2,192.7 1,612.1 1.618.9

- Cocoa products (US$m) 625.2 842.9 635.9 655.2 764

- % of cocoa processed 23.7 26.4 20.1 23.9 25.1

Source: Bank of Ghana as cited in ISSER (2015)

According to FAOSTAT (2015) commodity balances, @am@roduced in Ghana goes mainly to other utilities
with no waste produced. None of the cocoa is saidbe processed or used as feed. However, the Ghana
COCOBOD reports that cocoa waste is also used dshramd feed for animals (COCOBOD 2012). National
consumption of cocoa by-products is negligible & gonsider that only a small quantity of the lighdp is sold

by COCOBOD to local processing companies. Therdaremajor cocoa processing companies in Ghara tha
process the cocoa beans into primary products, asichiquor, butter, powder and cake. Only 10 paroé the
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locally processed cocoa is used for the produatfoconfectionary products for the local market (AsaPoku

& Angelucci 2013). Thus, even with a further asstiop that there could be some other benefit of aoco
production in Ghana with a value of 5% of the dedibenefit (which seems highly an overestimateesthe
value of the light crop is usually less than 20%tted main), the added benefit reduces the netbgssnly
US$125.692 million per annum, still leaving a sabsial net loss of US$253.568 million per annunt jias
carbon value lost.

7. Implication of current cocoa production for climate change

Another way to look at the loss due to carbon igdasider it as an added source of human indudethte
change. This shows that Ghana’s cocoa productieates a loss of about 289.31 million tonnes of @anith
respect to the global carbon assimilative capa@itys is an equivalent of 1061.408Mtg(where 1 tC = 3.67
tCOe). In terms of marginal annual additions this wdoabme to about 9.1MtC®, using the base year for
forest depletion as 1900, the commonest refereaire i literature on Ghana. Ghana'’s official tojaéenhouse
gas (GHG) emission was 10.459Mtg0Oin 2006 and 22.92681MtGE® in 2010 (EPA 2010). This marginal
annual addition thus was about 95% and 43% of Ghamdire emissions for 2006 and 2010 respectivlith
projected GHG emission for 2020 being 37.81M$€(@G0G 2015) the marginal emission will be abo@o2ef
the projection, given there is no further expansinncocoa farming area. These proportions make a&oco
production in Ghana a key category to be expliditigluded in carbon inventory, based on the catéor the
Ghana Measurement, Reporting and Verification Sydteal report (ID 67024) of 2015.

7.1 Computational issues

While our computations consider the original stateforest cover (primary forest) including belowognd
carbon stock, other computations use current sfdiarests, which remain highly degraded, to obinissions.
The latter assumes away the damage caused befoweomhputation. This remains an anomaly becausaeof t
type of pollutant in question. Carbon is a stoclytant and not a sink pollutant, therefore earkenissions
cannot be wished away.

Also, total economic value computations capture ceats which would be higher than the costs predity
assessments with life cycle cost procedure. The walues of natural resources are better captuyetbtbl
economic values as explained earlier in the papérile it remains the choice of official actors telect
procedures and conventions for computation of tivedges, it should be abundantly clear that undegsients
will be more damaging for developing countries tHan developed ones because of the number of forest
dependent populations and the extent of vulnetgbikor instance in Ghana, where about 70% of mEepl
livelihoods depend on natural resources mainly shsrdor food, water and energy (World Bank 2015y a
underestimation of forest value which leads toddprest loss would render about 70% of the pomratorse
off due to the created externality, increasing uradity.

In addition, official deforestation statistics hafeg some time come under suspicion; which coukb alause
discrepancies in value assessments. Based ontistatieom the United Nations Food and Agriculture
Organization (FAO) Forest Resource Assessment (RR89d and Agriculture Organization (FAQO) 2010% th
Intergovernmental Panel on Climate Change repatéd4 GtCQ yr-' global decline in C@emissions from
land use change from the 1990s to the 2000s, @tidblargely to a decreasing rate of deforestat8iackeret

al. 2013).

However, estimates of forest area changes acressdpics prior to 2000 remain uncertain. The FR& been
criticized for inconsistencies in the definitionfofest among countries and over time, as weltsadépendence
on national self-reporting (Matthews, 2001; Defrégsal 2002; Grainger 2008). Previous studies have shown
that the FRA overestimated changes in forest afeaidhton 1999; Steiningest al 2001; Acharcet al. 2002;
Defrieset al 2002) in the 1980s and the 1990s. In the tropgpecially, the FRA reported a declining rate of
deforestation from the 1980s to the 1990s, whildists based on satellite data observed oppositdsr@®efries
et al 2002). Estimates indicate 62% acceleration indeébrestation in the humid tropics from the 198Dthe
2000s, contradicting a 25% reduction reported leyliinited Nations Food and Agriculture Organizatiarest
Resource Assessment. It is worth noting however thraperate forest reports do not have these giaoces
(Kim et al 2015).

Accounting for total economic value lost from cambemissions would thus come in two main ways asaar
cocoa production is directly concerned. First, thil occur through the loss of funds which coulavil been
received through carbon storage development assestand secondly through being a significant cbatdr to
global carbon emissions, by increasing Ghana'sppita GHG emissions. The least net loss of revenuerth
about US$253.568 million while the emissions moveafa from a per capita emission of 1¥€Qo about
1.4tCQe, an increase of 40%, placing Ghana among the®i¢B emitting countries in the developing world.
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8. Other ecosystem function losses

Apart from the loss due to carbon, biodiversitysl@particularly of genetic information) from cocéaming
induced deforestation and forest degradation ie algbstantial for Ghana. Cocoa production occunsost
wholly within areas identified as biodiversity hptds in West Africa (Myerst al 2000) and it has been noted
that cocoa production is likely to remain a majontributor to deforestation at the forest-agricidtinterface
particularly in West Africa (Donald 2004). To contpuhe loss of biodiversity we assumed conservigtitreat
only 20% of the loss occurring to a standard trapforest (a mean of US$1,500/ha from CBD data) ldiou
occur when a Ghanaian forest is planted with codbés amounted to US$300/ha, showing a loss of 35%4
million for the area of 1,450,000 ha of cocoa ealtied.

Another substantial loss in Ghana is the watersteeefits lost for converting forests to cocoa @éons. Using
the mean value of US$433/ha from CBD data, we oladbss of US$627.85 million. Thus loss of biodsity

and watershed benefits amount to US$(435+627.8fipmiwhich is US$1,062.85 million or US$1.06 i

per annum. Other relevant losses exist which vatl e computed due to their remoteness from theddithis
study.

9. Implication for livelihood and economic welfare

A summation of the net losses due to value of aadioission, biodiversity and watershed benefitegiyS$
(253.57 + 435 + 627.85) million or US$1.32 billiowhich is the least net benefit forgone due to eoco
production in Ghana annually. This means Ghana avbalbetter off by at least US$1.32 billion per @amnby
ceasing to produce cocoa the way it is done to@lagrefore, current cocoa production reduces thewox
welfare of Ghanaians by at least US$1.32 billiom panum. In addition, the following implications of
contributing significantly to global climate chandee to current cocoa production are noteworthyGhana.

9.1 Cocoa farmers

The high dependence on agriculture poses serioo®-seconomic consequences, particularly given the
importance of cocoa to both export earnings anthéas’ livelihood. The livelihood of many cocoa puzeérs in
Ghana is threatened by temperature rises. Accotditige International Center for Tropical Agricuku(CIAT),

a temperature rise of more than 2°C by 2050 wéll/eemany of West Africa’s cocoa-producing areashtiofor
cocoa. By 2050, a rise of 2°C will drastically &tfgroduction in lowland regions, including sometteé major
cocoa-producing areas in Ghana (Schretttal 2016). Farmers in these areas are especiallyeralite since
cocoa production is their primary source of casloime.

9.2 Coastal zone

Ghana’s coastal zone is central to the economyh fiite large cities including the national capitahd
significant physical infrastructure investmentsidt at the same time, extremely vulnerable todlog and
erosion. The Keta area, for example, is alreadgeapcing an annual coastal erosion rate of threres and
other areas at risk include the west coast and samdy beaches on the central coast. One quart@hara’s
population lives less than 30 metres above sed, lamd a projected global sea level rise of 1 mbire2100
could put hundreds of thousands of people at nekinundate 1,120 square kilometres of land (MESTIM).
Damage to the coastal zone in the form of floodiagd loss, and forced migration is projected to$de8
million per annum by the 2020s, rising to $5.7 ioill per annum by the 2030s (EPA 2010).

9.3 Northern Ghana

In the north of the country, the 2007 floods denti@tied how climate change undermines development
investments. The floods affected 317,000 peoplth %000 kilometres of roads destroyed, 210 schaots45
health facilities damaged, and 630 drinking waseilities damaged or contaminated. Direct emergduiagling
cost around US$25 million. Also, thousands of peaptre displaced by floods in the north that kiledre than

30 people (MEST 2010).

9.4 Future generations

Sustainable allocation of resources requires adequravision for future generations. The sustailitgdaf any
economy will depend very much on its capacity tqueath enough resources to those yet unborn. Dregpleit
resources in the present while leaving behind egcdd damage for future generations creates intenggional
inequity showing how unstable the economy conceraied

The evidence of willingness to make provision fotufe generations in an economy can be seen thribsigh

discount rate. A high discount rate implies thereeny prefers current consumption to future consionpand
therefore will make little or no provision for tHeture. A low discount rate on the other hand shdlines
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economy makes provision for the future. The distoate of over 20% reveals that future generatiovedfare
is not adequately catered for. Ghana's depletidiomefsts through cocoa production is likely to Gone without
recourse to the plight of future generations’ wealfaCameron (2011) notes that without a clearlycifieel

approach for building up climate change resilierices unlikely that future escalations in econoraitd social
costs from cocoa production in Ghana can be avoided

10. The way forward
Following the substantial net loss to the Ghanaieanomy due to cocoa production in its currenestas well
as its devastating contribution to global climatarmge, the study proposes a three-sphere way firwar

10.1 Carbon trading

Farmers could be persuaded to increase their tneepy and decrease their cocoa yield if carborirtgachakes
it worth their while and effort. This will requireharging for carbon in cocoa production where fasnehoose
to reduce tree canopy as is the current practicéevA issues will however have to be sorted out wite
introduction of carbon trading.

For instance, because verification of carbon ddfssetexpensive, C{rontracts typically apply to land sizes
ranging from 3,000-5,000 hectares. But the aveg®a farm in Ghana is only two to three hectakexh
contract, then, would require approximately 2,0@0rfers to federate (Filou & Kenny 2010).

Carbon rights are not established in law yet, aigfomany are going on the assumption that theyfalibw the
timber rights that standing trees will fall undie turisdiction of the Forestry Commission, whilarged trees,
will be owned by whoever plants them. There willthe need to undertake detailed scientific workudd a
robust case for future contracts between farmedscanbon credit buyers. Methodologies and strustuvi
have to be established to take the credits to mafkese efforts would require international infufit into the
global carbon trading agenda (Filou & Kenny 2010).

10.2 Government’s response

Ghana's response to climate change has been ved; gaot to say outstanding, when measured byadige
and in documentation to meet the external requingsnef the international architecture. Unfortunattiis is
not yet matched by delivery in country (Cameron0Climate change is, on paper, a priority for Gmment

of Ghana and is of concern to key civil societyamigations. However much of ‘the response’ is ict fa
responsdo the demands of the international climate archit® reporting requirements, which detracts from
delivery.

The strong supporting role of some developmenipastmeans that it is possible that climate chamgemore
donor driven agenda than is immediately apparamparted by specific funding over the last few gear
bolstered by the expectation of significant addisibinternational funding in the near term (Came20t1). The
evidence came up very strongly from Ghana’s INDfesented for COP 21 in Paris in 2015.

Climate change is still a more internationally énvagenda in Ghana. Across government there israrhpw
understanding amongst a few of the impacts climbhtnge will have on Ghana's development. Engagetoent
date has focused too narrowly within a select grafuigchnical experts. There is an urgent neediiidl lelimate
change leadership across a broad range of seniiticgloleaders and to increase climate change emess
across government, civil society and the privaigase Capacity deficits could be significantly mésing the
response (Cameron 2011).

10.3 Agroforestry

The best possible environmental alternative toctimeent one would be a mixed agroforestry systerarestthe
forest is selectively thinned and fruit tree spsaigth economic value - such as oil palm, avocau atrus -
are left to grow next to cocoa trees, providingdehan addition to food and cash for the farming sehold
(Gockowski & Sonwa 2007).

Thus the CRIG would need to put into action a neselmanism to counter its prescription of no shadmaas
the answer to increased output, to come up wittiemsfic way of shaded cocoa production in thegloan. This
should come as policy calling for a cessation beapansion activities with no shade cocoa products the
immediate step to stem the further loss of valueuhh cocoa production in Ghana.

11. Conclusion

Following the identification a knowledge gap on theonomic welfare implications of cocoa production
Ghana within the framework of anthropogenic climatenge, this study employed quantitative analgs$is
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secondary data through an integrated impact assaessmodel process to determine the net welfarecietié
cocoa production in Ghana.

The study found that Ghanaians incur a net welfass of at least US$1.3 billion annually throughcaa
production in its current form. Also, the annuatrigase in per capita carbon emissions of 40% thr@egoa
production contribute significantly to damage treumtry is currently suffering through climate changhe
study concludes that Ghana is sowing a seed fawts impoverishment through cocoa production asecttly
practiced. It is needless to seek Gross Domestiduet growth to the country’s own detriment. Instea
economic growth must be sought while preservingetiméironment which directly supports the livelihoofdat
least 70% of Ghana'’s population, as well as thdanelof future generations. The production of coco&hana
needs to get responsive to the global call for anable development through carbon trading, praktic
commitment from central and local authorities ionelte change mitigation and sustainable agroforestr
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