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Executive Summary

Cashew priceare volatile (Phipps, 2010) arfthveincreasedduring the last decadéFigure 1). This
causesuncertainty among traders andctors in the cashew industryrheybegn to suspect that
consumers replace cashew wittomparable productd=conomically, those comparable products are
demand substitutes, hence tiveprices are connected (Hunter, 20084). Thisstudy examinegprice
relations between cashew grades, walnuts, pistachios and almoitiss includesthe relation
between broken and whole cashew grad@svo grade typeshat are positioned differently on the
consumer marketsection 2.1.3). They auistinguished in the investigation of demand substitution
among tree nuts.

In the cashew value chaithere aretwo main trade stagegFigure 2. Indiahas beerthe largest aw
cashew nuts (RCNbroducer (Fitzpatrick, 2011) and tradier 2010with a share of 89.4 % of global
imports (UN-Comtrade 201B After trade RCNare processed into kernels (Figu’® Appendk),
yielding different whole and broken cashew grades (Tabl®&bst kernels derive from Indiaith a
share of 8 % in globally processed kernels (section 2. E@)lowing the kernel trade whole cashew
grades are dominantly roasted and marketed as a snack (section 2,InMBil broken grades are
used as ingredient in the value chain of other food products (section 2.118.®)dia other major
tree nut markets are pistachio, almond and walnut (Mathew et al., 2@1159. Actorsand traders
in all four commaodities try to position their product asack and ingredient (section 2.2.3)

The utilized picesin thisstudy are gathered from Cashdwfo bulletin. Pricedor the different tree
nutsrefer to Delhi India Pricedor different cashew grades aurveyedat port levels in Cochin and
Tuticain, India(Table 4).The price spread between the broken cashew grade LWiPtlas whole
grade WW320 isegressed upon time, while time series properties of the varialdlescounted for
(section 3.2.1)Then substitution between those two grades and athee nut pricess tested in a
cointegration frameworklIn the short run price shocks might not be immediately transmitted to
substitutes, hencd chamse cointegration analysiswhich allows for testing long run relationships
(section 3.2.2)

The price pread between whole red broken cashew grades reveashighly significant time trend
over the periodof 06/2003 to 11/2012 The two grade prices are drifting apatalfle 6. The
cointegration framework cannot confirm aninter-commodity market link. All prices appear
unrelated in the long run (section 4.2).

Conclusivelybroken and whole cashew grades are related in supply, while their demand is very
differently developedsection 2.1.3.2)Brokengrade pricedecome elatively cheaper every month.
One optionfor processors ito develop international demand for brokewernelgrades The price of
cashew is driven bgupdy and demand Cashew @pply resemblesother tree nuts in terms of
harvest volumeslin terms of demad cther tree nuts,e.g. almondsare more effectively positioned

as food ingredien{section 2.2)In regard to snacks, a roastedt canbe replaced in nut mixes and

the FAY Il f O2y adzy GaNdependLdNBaEive NidSes &F Siut packagesHowever these
potential shifts are not sufficient to find economic substitutioaccording to Hunter (2008p.4).
Market actors and traders should focus on other factors,aspmarable commodity prices are not a
significant pricelriver.

Vi



1. Introduction
G¢KS OF aKSg (i WBaSAIRGD2 SIJISiNRIRES teé that produces the worldwide
known cashew nutsCashewhas the potential to becoman importantglobal commodity in the

Figure 1 Annual cashew kernel price future. It can generateemployment,export reveiues
in developing countriegKanji 2004 and may be sed
$/lb WW320FOB Cochin, India assource of proteinUp to todaythe market has been
4.50 challenging to its actors in multiplavays. @shew
4.00 N prices have not been stable.Even duringone year
350 / \‘ monthly prices can vary greatly 2008 the maximum
3.00 / monthly free on board (FOBjort price, in ©chin,
250 /\/ was at 3.36 $bs, while the minimum price was at
200 /\/ 2.23 $/bs. (Phipps 201D Figure 1lmerely provides
1.50 annual averagesfor the most commonwhole white
1.00 - (WW) cashew kernelsAdditionally to volatility the
2004 2006 2008 2010 2012 market compehends an upwardrend in prices since

2004 (Figure X1 Prices have increasedradually
(Mathew et al, 2011 p.140, as demand grows
quicker than suply. This has caused worriesid uncertaintyamong traders and aots in the cashew
industry. The dominantear is that consumes will lose interest in their producand substitute it
G5SYlFYR &ddzoaddAlddziAazy 2 00dzNB 4 K SytheGar SalNd in théy 3 1 NR
end use. [...]JA price increase is unprofitable as a result of demand substitution because many
customers would switch from the higher priced products to the lower priced prdditinter 2008

p.4). In regard to cashewa comparable produanight be other tree nus. In India the most common

tree nuts are cashew, almond, walnut and pistaciidathew et al, 2011 p.159. In case of
substitution commodity prices develop with interdependency, i.e. prices maieg@iiibrium In the

short term this equilibrium can be digbed due toa price shoclof a substitute but in the long run
prices are connected and show simultaneous developménis.common to find such a substitution
relationship among different grades of one commodity.

Source(Cashewinfo 20042012

Cashew kernels are availablesitaige variety ofgrades. These grades can be classifidataken and
whole grade types @ble 1). The two grade types are positioned differently on the consumer market
(section 2.1.3 Both types are potentially substituted byther tree nuts Both types midt be
potential substitutes for each otheadespite different positioning on the consumer mark&roken
grades have th same nutritional value bubok less attractivdCover Page LWPCashewys Those
grades are increasingly discussethe cashew processing industprogressivelyconsiders full
mechanization Mathew et al, 2011 p.81). The mechanization of nut shelling yields a higharply
of broken cashewnuts. On thecontrarywholesalers talk abouncreasing thaisage of broken nig
leading to an increase in demanthis raises not just the question whether a constant relatiop
exists among the grades, but also how a potential treativeen prices would bdirected This leads
to the research objectivewhich isto identify subgitution and price trends inthe cashewmarket.
More explicitly this researctends tofind evidence foithe substitution ofcashewsby other tree
nuts and asignificanttrend between cashew grade$he study is based on the following research
guestions



1. What is the pice development of broken cashewsative to whole cashev’s
2. Arecashew grades substituted ltmonds, pistachios or walnus

To analyseand answerthe research questions priceasiablesare selected dr kernelsof different
cashewgrades andlifferent tree nuts India is the largest producemd consumenf cashewin the
world (Fitzpatrick 2011 The country isvell connected to the global market, as major importer and
exporter in the cashew sector. An Indian perspective on supply limits the potential locatiprider
observations. Chapter 2 clarifiesthe Indian cashewvalue chainto understand the context of price
variables.Equally chapter 2lepictsthe other tree nuts and compares them to the cashew value
chain. The subsequentmethodology chapter explas data collecton, data management and
introduces the selected price variables. The chapteo clarifiegthe econometricapproachto tackle
the research questionsThe price spread between whobnd brokencashew gradess analysedn
regard to time trends And a cointegration approach is applied taest for substitution between
prices The cointegrationis examinedn the context ofa multivariate time series model. In case of
cointegration a vector error correction model (VECMan specify the different cointegrian
relationships andconfirm market linkages The chapter resultsummarize the outcome of these
econometricakefforts. The final chapterdiscusseshe methodology andesults based oall previous
chapters.



2. The global cashew market from an Indian perspective

This chapter describes the cashew market from an Indian perspe8iéation 2.briefly zooms in on
the different supply chain stages. This descriptioffluences the selection of cashew prices
throughout this research. The section alsopports the interpretation and discussion of obtained
results, while itemphasizes the position of broken nuts in treue chain.Section2.2 @mpares the
supply chain features of cashew to pistachio, walnut and almdids reveals intecommodity
differences and similarities

2.1. Cashew aupply chain
Figure2 Cashew supplghain

[ Raw nut production Figure2 is based on Ruben et al. (2007),

who elaborates the cashew value chain for

l’ the case of production and processing in

| Trade in raw nuts Kerala (India) until the kernels are traded
1 and consumed in the Nethiends. The

information selected irsection 2.1is not
limited to this kernel trade in particular.

| Processing into kernel

l The Indianraw cashew nuts RCN and
| Trade in kernels kerneb are traded domestially and
_l 1 internationaly with a variety of trading
- = = partners. Researched prices refer to
| Ingredient use | Roasting & Packaging domestic and international trade in
lv l'_ kernels before valuesiadded in form of
| Wholesale & Retall roasting etc.,i.e. cashew pocessors look
l for sales to roasters, traders and other
_ value adding companiesCompared to
| Consumption Ruben et al. (2007l explicitly distinguish

the use of casew as ingredient irother
food products from the typically roasted
cashew snackFigure2). This emphasizes the different consumption patterns of whole and broken
cashew nuts. The secti@tartswith raw nut production.

Source: Ruben et a(2007), p. 213

2.1.1. Raw nut production and trade

A cashew tree hamodest soil requirement. Itolerates a wide range of moisture levels and soil
types(AzamAli 2003. The tree needs between 3 to 4 years uittibegins to bear frui{DCCD 2012
Consequentiayl supply responses to price incentives dedayed, which resuls in a rather inelastic
supply. RCNharvest continues all year long in diffete locations all over the worldwhich
emphasizes the globalature of cashew supplyL Y R A I Q Zseasohlast® o (Fetuary to July
(Phipps 201D

Global harvest quantities havesurpassed the 2,000,000 tonsmemilestone in 2005(Figure Al
Appendk). Recent growth in supply is predominantly accountable to African supply gramwgll
I FNAOF Qa LINBRdAzOGA2Y tS@St KIa SEG@ISRR004 thek S
production level was below 500,000 tonn@sigureAl Appendiy. Neverthelesdndia remains the

largest prodicer followedby Ivory CoastViethnam and Braz{Fitzpatrick 201}l India camot cover
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domestic denand ofraw nut processors. lis the major importemwith an 89.4 % share of the global

RCN imports in 201@WN-Comtrade 201p Theimports derive from Africa and Indonegislathew et

al., 2011 p.180Q; while the domestic production is located ithe south of IndigDCCD 20)2The
imported RCN arrive predominantly in Kerala and Tamil Nadu (map, Figure 4); receiving 96% of
LYRAI Qa A Y20B5 NIkl Al Appendiyn The mainports in these states are Cochin (Kerala)

and Tuticorin (Tamil Nadumap, Figured). The portsare useful references for trade més. Tey
present abottleneck for a large amount of RCN and kernel passing the value chain

The mst-harvest treament involves basic steps. Thaw nut isseparated fromthe cashew apple,
which accounts for 80 % of tHie NXmdeigH® Fheappleis often disposed. In Goa, Indthe cashew
apple is used to distil liquor referred to efeni€. Thereare several attempts to utilize it in juice, jam,
liquor, due to its high nutritional valudut 95%of cashew apple arenot consumed, due to its taste
(Yadav 201pand logistic challengeOnly Brazil, Mali and Madagascar daeport caskew apple
produce (FAO, 2018 Conclusivelythe cashew apple does not withholtiuch economic value, yet.
Next postharvest activity is the drying of the ntw reduce the moisture content below 10 % to
avoid rottingduring storage (Masawet al., 2011) Economicallycorrectdrying is equally important
to ensure an optimashellingand reduced brittleness of the nutiébbarand Ramesh2005)

2.1.2.Processing into kernels and trade
Processorgreate cashew kernels out of RCThey are the key intermediariegtwveen agricultural
producers andfinal consumer.Processorsncur the highest cost in terms of valuadded atthe
seconday stage (Srivatsavet al., 2008 p.203. The basic @nomic featurs of processing aréPal
2009:
1 the yield,i.e.kernel outturnratio (KOR)usually given in keel pounds per 80 kg RCN matter
1 the costs of processing
1 cashewsgyrades by appearancdtributes (see also dble 1):
o the percentage ofvhole kernels in shellethut weight
0 the whiteness preserved after processing

FHgure A2 in the Appendixindicates the process flow dRCNprocessing Shelling is key step in
processinglt canbe done manuallyhalfmechanizedr mechanical and deterimes to a large extent
the percentageof whole kernelsachieved in processingh fully mechanized shellingan leads to
about 55% wholes at the gekaging stagewhile the manual shellingichieves 7075% wholes
(Mathew etal., 2011, p.135).

Table lpresents @ example of agraded outturn ofan RCN batclrontrolled by TechnoserfeThe
shelling has been donkal-mechanizedThe yield of the batch was 24. ¥%herebythe RCN weight
equalsd-4.2 timesthe kernelweight Size is determined bgounting themaximalkernel number per
pound or sievingthe broken cashew3a/NW320 (see abbreviationsand large white piecesLWP are
representative grades analysed throughout this reseaietample pricedor different gradesare
given in US dollar per Ib§he sources are collated to the colunvhichthey provide information on.

! shelled = a nut without shell, in shell = a nut with shell
®Technoserve: business solutions to povehtyp://www.technoserve.org/aboutus, last retrieved 10.04.2013
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Table 1Grade classification, share and value

Whole kernels 71.73
whole white kerned 240 10.62 4.10t04.20
whole white kernels 320 33.78 3.65 to 3.85
whole white kerned 450 17.75 3.50 to 3.60
scorched whole kernels All sizes 9.58 3.55t0 3.68
(large) pieces incl.Splits 28.27
Large white pieces 10.75 2.30t0 2.40
(CEPCI 20)3 (Pal 200% (SamsorTrading
2012

The outturnfor any gradedoes not differby more than 56 from an Indian studyPrasad 2001
p.328. WW 320 representsbout 33.78%(Pal 20®@) of a processed batchTherefore it is the most
common standard cashew grade for whole8VP is the most commdoroken gradewith a share of
37% amon broken nuts The price gapbetween whole nuts and pieces is larger thatie gap of
scorched andvhite kernels which emphasizes the whole percentageoa® economic key factor.
Note cashew classification for whole and broken graerseed the here representezhes These are
merely the ones mostly founih the outturnof abatch

In India, the avaihbility of cheap labourand the relatively lowermercentageof whole nutsin
mechanizationhawe resulted in apredominanty manual or half mechanizeprocessingindustry
(Yadav 201p Contrary Brazil uses full mechanization in processing, which is increasingly considered
worldwide, due to increasin¢gpbour costs Nevertheless other processing featarary greatly even
within India(Mathew etal., 2011 p.7980). The value additiorof processingFigureA2 Appendiy

can be roughly estimated with the help afCashewlnfo handbook(Srivatsavat al., 2008 p.133.

The average Kernel price in Jeyp@mgssa in 2007 was 1.37 $/kg in kernels, while the average RCN
price in Jeypore was 1.01 $/kg kernel equivalritsereby 73% of the kernel pride imputed by the

raw material.Conclusively raw nutare the most important factor drivingostsin processig. Other
revenues in processingerive from cashew nut shell liquidQNS). These revenueare comparably
marginal. In 2007 CNSL quantity accounts for about 7%, while its value only accounts forth&% of
cashew kernel exporis India(Yadav 201pD

®Price refers to SW 320
*RCN weight given in kernel equivalent weight, kernel weight = RCN weight/4.2



Geographically most of the global processing is done in the south of InglaRA I Qa OF aKS g

Figure3 Indian kernel volumes

350,000
P2
/
p
300,000 -
aul
250,000 r/
200,000
2003-2004 2005-20062007-20082009-2010

source: (Mathew, Singh et al. 201p.183

volume was abot 340,000tonnesin 2009

2010 (Figurel). In comparisonto a global

RCN market 0f540,000 tonnes kernel
equivalentsin 2010 (Figure A1 Appendk).
Conclusivelyndia had a share of 63% in the

global cashew kernel market.L Y RAl Yy Q&
processors haveexperienceda period of

growth. The following map (Figur4) shows

that the processing facilities are located in
LYRAIF Qa & 2 dzic&ndbe fouSin NI 6 R
Table Al in the Appendk. Againprocessed

RCNare diviced by 4.2 to estimatekernel
equivalent production in each stateThe

map (Figure 4shows most kernels derived from Kerala and Tamil Nadu.

Figure 4 Indian kernel volume 20a006 by state

China
Delhi +—» -
Mah ht Orissa
aharasntra Kernel volume in
s h tonnesper state:
. - over 90,000 H
Karnataka Over 50’000.
TamilNadu | Over 10,000 ]
Kerala

s Under 10,000 []

Cochin <« Tuticorin

Sourcef{DCCD. 2013). own abstraction

They accounted for about 215,000 tonnes. The whole Indian kemaeket was around 28800
tonnes In theseregionsCochin and Tuticorin represent the majports and importanttransition
points for a large amount of cashew kernels in the settWorldwide India is the second biggest
exporter after Vietham({UN-Comtrade 201B Quantity is exported free on board (FOB) or via cost

® Only retrieved data from 2002: BetweeApril 2001 and March 2002 Cochin and Tuticorin port accounted for
F62dzi cm> 2F &t Ly Rhshewkmfo Qdl.lalgs@as) | SNy St SELRNIA& o6
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and freight (C&F) priceCEPCI 20)3With the latter price the supplier has to bear cost of
transportation to destined portReceiving importerof cashew kernelare all over the worldThe
main ones in terms of quaity are USA, EU, China, UgureA3 Appendk)®. Rest of the world
(ROW) has the largest share in imports, which emphasizes the diversified demander.regions

2.1.3. Post processing

Based on Figurg the kernel can takewo different pathsafter processingOne leads to roasting of
the nut, either domestically or after export, whileashew remains the key output. The outturn is
often referred to asa cashewdsnack. It is estimated that a minimum of 6% of overall cashew
kernels are consumed aslted nuts(AzamAli 2003. The other pathreflects the opportunity for
cashew to be useth other food value chains aan dingredient. Altogether tis sectionelaborates
on possiblevalue adding processes and consumptiocaghew as a snack ingredient

2.1.3.1. Snack

GThe economic development of cashew lewaysbeen linked to its universal recigievelopment

as a sack by deep fafryingg, served as a table n{Mathew etal., 2011, p.134). The fried nuts are
salted, sugar coated, spiced, masala fried etc. India exhibits also preferences fiviedonuts i.e.
direct consumption. After roastinghe snack is often marketed in a mixture with other nuts
(Srivatsaveet al., 2008 p.185. The roasting and gckaging of the snack is commonly done in one
unit. Theoretically these units can monitor the percentage of each nut in their roastiixg
practically they abide contracts with wholesalelde packagersipply naming for the wholesalems
their very own roastetbrand But no cashew brand has been implementég Indian supplierdo
better market Indian cashews in foreign markétéathew etal., 2011, p.164. dThere is a long way
to go to generate sufficient surpluses in cashew that can lead to markg8ryatsavat al., 2008

p. 204). In OECD countries the highest surpluses are in retailing which takes off up to 45 to 50% of
the shelf price of a&ashew pack (Srivatsaed al., 2008 p.203. Hence a lot of market power lies
within the retail units. They possess the most potential to implement changes in the supply chain.
Regardless of the sus share consumption pattern always depeond what the consumer
purchases. The fina@lonsumedcashew snack tymevary over countries and consumers. E.g. in the
USA honey roasting has beensomewhat successiyl marketed product(Mathew et al.,, 2011
p.134. A Spanishretail study (Cashewnternationatinc. 2009 has sampled cashew snacks in
different stores They found fried and salted as dominant snack type with a sifat@ % whilefried
with honey was around 7%. In the same study no broken cashew grades weredouhne snack
market, butabout 7%so calledSplits and Butts.

® However India is ranked main consumer of cashew over the first decadésafehtury; followed by cashew
importers(Cashewinfo Volume 13 Issue 29

! Splits refer to naturally horizontally broken nuts, see also cashew specific&BR€l. (2013). "Commercial
Information." from Cashew ExpadPromotion Council India (CERCI)
http://www.cashewindia.org/php/cepcViewContent.php?type=C, last retrieved 10.04.2013



2.1.3.2.Ingredient
The retail does not favour broken casheviar the snackO2 Yy A dzY LJGA 2y Ge@LISdr a{ YI f f
bits and small white pieceswill always be more difficult to sell for direct consumptidtor this
reason, it is important to develop secondary uses (famoken) cashews. Cashew nuts are used in
pastries, breads, cakes, meals (in salads, soups, sauces, dhidezh main dises, and desert}
S (i (Boilereauand Adam 2007, p. 3R In order to structure ingredient use the cashew handbook
(Mathew etal., 2011 p.139 introduces 7 segments:

1 (Caramelised) cashews in chocolate, e.g. Caditaft Foods
{ 6 SS{ aaju GidALD o
Savouries
Baking
Confectionary
Kitchen
1 Catering

= =4 -4 —a A

In Indiathese segments are exploitediens of thousandsdkeries and onfectionaries usecashew in

standard baked productsr@ookies. Sweets like Kaju Kare very popularOverallthe current trend
adza3Sada GKFG OFrakKSg dzal 3S | a | yMahgaa&ERMSYy T KI &
p.134). Internationally cashew imot so popula in these segmentsTree nuts in chocolater bakery

items are rather hazelnut or almond than cashevhe cashew handbook concludes that there is no

market for brokengrades in Europe or USMathew et al., 2011 p.135, which are the biggest

importers (Fgure A3 Appendk). Nevertheless there are sliussions ogoing to integratebroken

grades in other products, giwethe large incidental supply dble 1), especially in casef fully

mechanized processing typese¢tion2.1.2). Oneresult of thesediscussiond & (G KS aOF aKSg C
product, introduced by Kraft Food.

The supply chains can differ between segments and within the individual products. The research
scope is too narrow to analyse supply chains with cashew in secondary use. Note ¢miitvasto
integrate cashew are oftegontrolled by wholesalers oretail, which have different departments
functioning in regular patternsiAn exception for an incentive not deriving fraims stage isKerala

State Cashew Development Corporation (KSCE@®)g the biggest proessor of cashew in the world

they took theinitiative to produce value added products from cashdike cashew soup powder
(Srivatsavat al., 2008 p.84.

2.2. Comparable products

Based on the dominant use of cashew as a sremitign 2.1.4.1) comparable productsra all kind of
shacks, e.gootato chips, peanuts asther tree nuts. While potato chips or peanuts are very different
products in terms of supply chain and supply quantities, | assume potential similarities with other
tree nuts. Different ree nuts are hazel, macadamia, brazikcans, pinealmond, pistachio and
walnut. The three lattemuts ae considered substitutes in my researtlihile cashe\@ market share

in Indiais around 7580%in shell weight the other threetree nuts share the rest of the market in
terms of consumptionvolumes. Almond is about 15%almut about5% and stachio around 3%
(Mathew et al., 2011 p.159. Pistaclio consumptionhas the fastest growing raten India This
sectionexhibitsstriking dfferences and similaritieg a normativematter. Thesectionsupports the
interpretation of research resultsThe main rubrics compared aresupply data production and



processingand post processing.e.information on the nut after shellingnd gradiy (see Figuré2
Appendk).

2.2.1. Market data

Thecomparedmarketdata is summarized inable 2.Main origin refers to largest producer(s) of the
raw nut. Supply and Indimdemand quantities are given in kernel weight. Walnut quantities in Figure
A5 in the Appendixare transformed from irshell © kernel weight by multiplicationf 0.55 because

the kernel weightto nut ratio varies between 46.1 and 64.2 (%kca 1994 Similar it is done for
pistachio andcashew Cashewdata from FigureAl (Appendiy is adjusted bythe factor 0.24 the
kernel to nut ratio Table 3. Aimond data is retrieved in kernel weigh@lobal anual supply growth

is calculated with the help of the radata retrieved from African Cashew Alliancd®CA and US
Department of Agriculture USDA The sources are collated to the columwhich they provide
information on.

Table 2 Tree nut supply data

Main in tonnes 2011 Min % Average % Max % intonnes 2011

Origin
India 569,262 -10 4 10 233000°
USA 901,200 -8 10 25 49,300
China, USA 734,580 3 7 14 11,880
Iran, USA 360,738 -31 8 40 4,237.5
ACA, USDA (Mathew etal.,
FigureAl, A4, A5, A6 Appendix 2011, p.183, USDA

Table 2 shows that thevorldwide kernel supply of the tree nuts is between 300,000 and 1,000,000
tonnes. Thereby supply has a similar magnituglerther note that the USA is a major supplier of
three out of four except casheywhich accounts for 68% of USA tree nut imp@risipps 201D USA
producer boards provide a lot of information to increase transpayeimcdifferent tree nut sectors.
The annual supplgrowth rates suggest that theigiachio industry has to cope most with gip
fluctuations. Walnut is relatively stabldnterestingly in the USA pistachios and almonds are grown in
large plantations compad to cashew farmergYadav 201)) which is suspected to havecartail
impact on supply voldity. The claim is not necessarily confirmed by Figi8ein the Appendix
which shows Iranian supply from smallholders and US supply. One final conclusion can be ldeawn. T
average supply growtfor cashew,describedin section2.1.1is lower than the gravth rate of the
other nuts. Cashew supply is growing the least of the nut markets.

India isstill a net exporter for different nuts, despite small production quantities relative to major
suppliers. In 2012013 Indiaproduced about 37,000 tonnesf in shdl walnuts while they
consumed 22,00QUSDA 2013 i.e. 12100tonnes of kernelsProduction is located in the North of
India with certain geograhical proximity to Delhi and the major gower China(map, Figure 4).
Almonds are the second most consumed tree nut, but India only supplies marginal quantities around
1000 tonnes per yeaOverallUS agriculture exports to Indeae worth 691 millionUS dollain 2009,

out of which tree nuts are the largest share with I80lion (Mathew etal., 2011 p.162. This makes

& Most updated figure retrieved on cashew refers to the consumption in



India the 4" largest almond importer for the UBBC 201 Thereforealmond is the major import
commodity for IndiarUS trade.This trade is predominantly carried out on anshellbasis, while
68% of the US almond exports are shel{@¢BC 201p Conclusively India utilizes shelling capacity
within their tree nut industry.LastlyL Yy R Aista@hics dédve from Afghanistan and Iran, due to
geographical proximity and free tradagreementgMathew etal., 2011, p.158). Al of the tree nuts
are tradedamongst othersn Delhi,India

2.2.2. Raw production and processing

Table 3 summarizes some production features of the concerned tree nétk.the production
features depend on getypes, climate and other factars/hichare only approximated-eatures are
connected to the main production area of each nilihe basic features compared aime to fruit

bearing the months of harvestthe yield and thalifferent markets for grades,e. shelled and/or in
shell consumer markef he sources are collated to the colunvhichthey provide information on.

Table 3Tree rut production features

India 3to4 February to July 24% shelled
USA 3to4 August and 60%-65% shelled
October

China, 2t03 August to 55% shelled, in

USA November shell

Iran, 5t07 August to early 54-59% shelled, in

USA October shell
ACA, DCCD, ABC, Ravai Phipps 2010, ABC, WBC, APG, TeahnoserveAkca 1994
USDA (1995, APG

Major raw production quantities focashew derive in the first hatif the year contrary to the other
nuts. Accordingly prices for raw matals are determined in differentime periods. The years until a
tree bears fruit arean issudor all four crops Especially iptachio requires long tregrowingphases
until the first harvestyear. While the other trees reach their full bearing capacity apgmatelyafter

6 to 8 years(Ravai 1995ABC 2013DCCD 201)2 pistachiotrees needl5 to 16years according to
American Pistachi@Growers associatiotAPG 201Band 15 to 20 according ttranian Pistachio
AssociationIPA 2013 Conclusively supply adjustmesrequire long growing phasegarticularly for
the pistachio industry.Recall from table 2 that this industry also exhibits the most supply
fluctuations.In order toreceive the kernel the nut needs to lakkied and processed\ote that the
yield of the kernel varies gater over trees than shown inaile 3.¢ KS  Ryleldslat dased on
certain referencegenotypes in distinguished areas. After shelling the mliésoutput is graded. E.g.
walnutsare graded into two distinctive markets, s#hell and shelledWalnuts for the shelled market
are mechanically cracked’hen lernels are screened into a series of sjzso quarters and broken
grades and checkedthrough electronic color graders(WBC, 2013)The USDA has formulated clear
standards howto grade American tree nuts, e.g. walsufUSDAwalnut-standards 199 These
grades differ byappearance, i.e. broken or wholes and colour attribu®s. the contraryalmonds
have no inshell consumer markednd therefore only shelled grades are advertiséde same holds
true for cashew.In the USA almonds amechanically harvested and processed and then graded
according to USDA gradeshelgrades include broketypesand are available on the homepage of
the Almond BoardCalifornia(ABC 2018 Pistaclios are different to cashewand almond They do
have an inshell market which is intended for snack consumptidn Iran in shell jstachios are
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graded in 5 categoriesione of the gradesupplies explicitly broken nutsather limits the maximum
defects in a packagdPA 2013 The whole gradig is done to suit certain applications.g. the
ingredient use.

2.2.3. Post processing

In shell nuts for the retail are roasted and then positioned as a snackpistgchis (IPA 2013
Consumption wisehe in shell gstachio relatesbetter to whole cashevs than the shelled oes, as
both are positioned as shack contrast to cashews pistachio kernels are not usualyketedas a
shack, but as a food ingredierBuyers of thisngredientproduct look for suppliers whoemoveshell
pieces and other foreign material tovery high degregIPA 2013 In general he nut irdustries have
to stressimpurity in packaged grade® provide maximum product securitt further follows from
the quotation that consumption wiseigtachio kernels compare better fower cashew grades.g.
broken nuts which can beised as food ingredientThe quotation alsgtatessome uses within the 7
segments gection2.1.4.2 for cashew as ingredienRecallthat secondary uses of casheave still
under developmentgection2.1.4.29.

On the contraryalmonds havealways beenused as an ingredien{Mathew & al., 2011 p.134.
Similar to the other nut boards ABC promotes almond in different recipes. ptB@otes
transparency and provides monthly updates &hipments, production expectations, etc. on their
webpage.The board ha expenses beyond 50 million US dofer year to develop the industty
After grading the almond are available in sliced, slivered and whole form to fulfil different application
requirements. Aimonds are roasted offlavoured in snack application, but amso applied as
ingredient in chocolate, confectionaitems, energy bars, bakeitems, input for in savoury diste
cereal, salad toppingnd dessertABC 201B Theoretically these applicatioadsopresent potential
markets for broken cashews.

°ABC budget repor2012 _http://www.almondboard.com/AboutTheAlmondBoard/Documents/FY12
13%20Budget%20Summary.pdist retrieved22.04.2013
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3. Data and Methodology

This chapteraims to providetransparencyon the modelling carried out and the data applied
explains the approach in data collection and introduces the final varialppked in this research
(section 3.). The econometri@analysis gection3.2) expains the approach to tackle both research
guestions

3.1. Data management and description

Section 3.1.1givesexcellinginformation in regard to data management stef3ata management
steps are displayed in Figure Bheresearch variables can be overviewed ibl€a4. Section 3.1.2
describes the variables with graphs, a Boxplot and a correlation table.

3.1.1. Data Management

To answer the research quest®reliable price data focashew kernels dlifferent gradesand other

tree nut kernel pricess required The data was collectemh cooperation with theAfrican Cashew
Initiative (AC). The data collection is structured and guided by the following data management
model, whichresembles and has beederived from theDE®&P model, Using Selssessments for
Data Quality ManagememtDESARBergdahkt al., 2007 p. 9091).

Figure S5Data management model

1 2 3 4 5
Sourcing | | Selecting { Survey /1_,\ Assessment/L'\ Processing J\ Final data

\" /|| Methodology \{_}/ \{_V (Syrchro- —y Description
nization)

Souce: abstracted from Bergdahl at., 2007

The main source used is Cashimfio. It is a weekly bulletinvith customers all over the world,
including ACi. It provides market data, which reduces the information spreads and increases
transparency in thesector. Besides the bulletinsaghewinfo sells daily price data from Indian
markets and handbooken cashewfor 2002, 2008 and 2011Foretell Business Solutions Private
Limitedowns Cashewvinfo and considers itself thenost authentic information and research base on
cashewwith a large variety of human resourc@Sashewnfo-web, 2013) Thecurrent bulletin issold

since 202 and continues to be marketeslccessfullyFor currencytransformation the Bank of
Canad®& databases chosenmerelydue to their practical arrangements of currency data, which was
much appreciated during data collection

Table 4explans the scheme used to checkadtability, structure andractical features ofhe data. It
presentsselected variableand the names applied to thenn the first step he schemeshowsthe
classification of eachvariable, and then states the location of the observation, followed by
observation duration, frequency and unit. The latfeatures have been different fro source to
source or location to locatignbut detailed exchange rateend calculated averages ensure a valid
synchranization of the data

12



Table 4Research ariables overview

WW320 Cochin, 2002 monthly  $/kg  wholescochin

Cashew Tutocorin 11/2012

LWP Cochin, 2003 monthly  $/kg brokens

Cashew Tutocorin 11/2012

WW320 Delhi 06/2003 monthly  $/kg  wholesdelhi

Cashew 11/2012

WW240 Cochin, 06/2011- monthly  $/kg premiums
Tuticorin 11/2012

Pistachio Dehli 06/2003 monthly  $/kg pistachio

Irani 11/2012

Cal. AlImond Dehli 06/2003 monthly  $/kg almond

kernel 11/2012

Walnut Dehli 06/2003 monthly  $/kg walnut

kernel 11/2012

Source{Cashewnfo 20042012

The names for the commorashew grades are simplified tioeir general classf gradeaccording to
Table 1 Thereby wholes refer to WW320 and brokens to LWWAN240 cashews are named
premiums. The choiceof variablesis based on mostepresentative locations in the market$he
market overview (chapter 2) has providadsights onlocations in regard to the Indian and global
cashew indusy. The variables for the cashew kerrgiladeshave been chosemwn a FOB basis
(section2.1.2 at pat. The location is Cochin/Tuticorin, because at these ports the quantities from
different origins, i.e. Kerala, Tamil Nadu, Andrah Pradesh &igure¢ 4 are aggregated. An
estimation of the FOB prices captgréhe cashewmarket best. Samson Trading iseoof the
important sources for Casheimfo to estimate prices at these port§he analysis dfee nut prices,
namely California lenond kernels,pistachios Iraniwalnut kernelsand whole cashevkernelsare
gathered fromthe Delhimarket The other treenuts are predominantly grown in northern regions in
India or imported(section2.2). Thelongest commonduration for most of thevariables is achieved
from June2003 until November2012 which becomes theemporal scope othis researchPremiums
are not nhcluded in the main econometric analysighereby6 variables gection3.2) are analysed
with 114 observations, excejrokenslack 4 observations in 05/2009 to 06/2009 and in 06/2011 to
07/2011 Variables from different sources different locationsare not mixed. Cashewnfo bulletin
prices are given on a weeklyasis and monthly within thecashew handbooks. In order to
synchronizethe averages from weekly available data have bemggregate to monthly values

3.1.2. Data description

The final data is best overviewed gnaphs Figure6 shows the price development of variables in
Cochin/Tuticorin. The prices are given in US dollars per kg. It should be noted that monthly
aggregation has smoothed the price curve, while daily or wediberwation could emphasize the
fluctuationseven more.The tick marks are set for June each year.
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Figure6 Cashew prices by grade
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Figure7 Tree nut prices by commodity
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Figure8 shows a boxplot of the research variables. The maximum and minimum values of each

Figure 6 suggests a strong
correlation  between  cashew
grades. Premiums are clearly more
expensive than both other grades.
The price gap between brokens
and wholes is larger than between
premiums and wholes. Furthée
graph shows that after the price
peak in 2008 and 2011 the spread
of brokers and wholes seems to
increase. The econometric results
will provide more insights on this
price spread over the whole time
period.

Figure7 presents the development
of prices of substitute nuts in Delhi
in US dollar per kg. Bhows that
almonds have become the
cheapest tree nut in India inhé
very recent years. Pistachis the
high priced nut At a first glance
almond prices also seem steady
over time. On the contrary walnut
and pistachio imply higher price
fluctuations. Cormon trends or
price pattern cannot be concluded
from simply looking at the graphs.
The econometric analysis follows.

variable are displayed in a straight line ahd boxes mark the range for average plus and mimnss

standard deviation. The variables cover 114 observations from 06/2003 to 11/2012, except brokens

have only 110 observations available.
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Figure8 Prices in boxplot
Cashew prices arelower in
$/kg BOXp'Ot variables Cochin/Tuticorin than Delhi. In
2500 Cochin/Tuticorin cashew prices
are observed immediately after
processing including transport
15.00 - .
| J_ | costs to theports, while in Delhi

10.00 { ; ; ;
T E::I potentially higher transaction and
5.00 _463 .

T transport cost have been

20.00 '

0.00 . . . . . . included This yield a nominal
NS .\0@6 <0 O& & 6&6\ price difference only. Nominal
\é,é’ \0«5{’ Q@@ Q\"@ N W o\@‘v' cashew prices are generally
§° N comparably low in India. India is

the main supplier of cashew,
while pistachios and almonds are
imported from different origins (sectiv 2.2.0) under different tariff regimes. Based on standard
deviatiors Figure8 shows the highest volaity in pistachio and walnuprices, while almond hathe
lowest price fluctuation. This feature is discussed in chapter 5.

Source(Cashewinfo 20042012

Correlations among Bpricesare shown in Table.%trong and significant correlations suggest similar
variation pattern between two variables. Correlations with 99% significance levelgberhare
marked in bold numbers.

Table 5Correlation of prices

wholescochin  brokens pistachio almond walnut premiums
1
0.8458 1
0.6319 0.3336 1
0.0877 0.1144 0.1382 1
0.7974 0.6716 0.6534 0.2154 1
0.9797 0.8246 0.6483 0.0688 0.8442 1
0.9799 0.7986 0.6882 0.0861 0.8094 0.9753

Source(Cashewnfo 20042012

The data implies a promising correlation betwegholesdelhi and other nuts with th@xception of
almonds. Delhi and Cochin/Tuticoriwhole cashew prices correlate by 0.9&hich emphasizes the
geographical integration of the industry, despite nominal price differences. | assume the same
geographical integration for broken grade prices in the different locatidhs. corredtion between
premiumsand wholes istrongerthan between between broken and wholeBistachio and walnut
correlatewith all cashew gradesignificantly Almond showso significant correlatiomvith any price

At this point the results seem not discouraging for cross price substitution betessrew, pigchio

and walnut
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3.2. Econometric analysis
The econometric analysiis structured bysplitting the two research questionsThe price spread
analysisexploits the variables in Cochin/Tuticorin. Thabstitution modelanswers the second
research questiomvith the help of price variables from Delhi and the brokens sefieevariablesin
equationsare abbreviated:

a. Pun=prices ofwholes CochinWW320

b. Pung=prices ofwholes, &lhi (WW320)

c. P, =prices ofbrokens (WP

d. B, =prices ofpistachio(lrani)

The software packagé { ¢ ! Gk s usedfor the econometric analysis

3.2.1. Price spread analysis

Broken gradesan be seen as a fproduct of whole cashews. Supply of both has a fixed iglahip,
influenced byprocessingfeatures (section 2.1.2. Under the assumption that full mechanization
spreads in the cashew sectdhe relative supply obroken gradedncreaseslin the industry it is
discussedf cashew buyergpost processingllo compensatehis additional supply by increasing the
demand on broken cashewsegardless othe applicationof broken gradeshe spreadanalysisis
used to test fora trendin the pricespread between both grade typeExplicitly this econometric
model analyses thelevelopment of the spread of wholeochin and brokengrom 06/2003 to
11/2012. An ordinary least squaredL$ modelis consideredvith the spread (R - Px) regressed
upontime.

(1) Ruhc- Por = +1 F[jAYS B =

¢ KS S E LINta) deprésygnts Gtfend over time, if the coeffient turns out to be significant
TKS S NNE shbuld BINW a white noise process isolate a deterministic time trenend avoid
a spurious regressioiBefore the spread ianalyseda structural breakest is performed tgprevent
misspecification ofresidual based tests However, irst the missing valas for brokensare
interpolated

Missing observations

It is assumed thaho a priori information is available on the missing valuEsey are situated
between available observation3herefore thetime series of brokenss interpolatedwith proxy
values These valuesare obtained by regressing the known valuek brokers upona set of
supporting variables here premiums and date of observation Then the fitted values of this
regression replace the unknown observatioiibereby the fitted values arestimated with the help
of the developmentover time and the seasonality irpremium prices.The estimatef equation 1
remain consistenfasno a priori information suggests that the error termis correlatedwith the
supporting variableswhich would cause a measurement error. This procedureferred to asgfirst
order procesé (Pindyckand Rubinfeld1998, p. 24Y.

Structural break s and stationarity

After adding thefitted valuesthe ¢spread (R - Pyr)€ can be calculated for 114 observations,. i
06/2003 to 11/2012. Before estimating equationsiructural breaksare accounted far Structural
breaksare an important source®f misspecificationThey can lead to low power of residual based
tests as stated by Gregory and HansefGregoryand Hansen1996. Stationarity tests are residual
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basd. The variance and mean ofimé Series variable is often not constant, due to a deteistim
and/or stochastic trend. This phenomenon isll@d nonstationarity. The Zivot and Andresv
procedure accounts for botktructural breaks and nestationarity. Thenull hypothesis states that a
series is nosstationary, i.e. some treshin the spreadand without anendogenousstructural break
The alternative hypothesisuggests a stationary series an unknown structural break (£ivand
Andrews 1992).Theprocedure is flexiblelt requires no priori information on atructural break; it
identifies potential breaks and assures or rejects a trend in the sehiesase the procedurtails to
rejectthe null hypothesigquation lis estimatedwith OLSotherwisethe breakis identified andhe
stepsare repeatedor a seriedefore and after the stictural break

Confirmation of a deterministic trend

Equation 1 attempts to estimate a linear deternsiti¢ time trend for the spread and especially the
significance of such a trend. In equation 1 #ebtractingof h +i F (i WUl yield a stationary
processfor the price spreadif no stochastic trend is presentonclusively; follows a white noise
process, i.estationary processA common stochastic linear trend process & G KS walkl yR2Y
modek, which suggestthat the dependent variable is impted by its lagged valuesCaiado and
Crab distinguish the trends concrdie(Caiadoand Cratg 2005. In case of a stochastic trend |
cannot impose the assumption thatdeterministic trends responsible for aimpact of time on the
spread Conclusivelthe error terma ¥ of equationl is testedfor stationarity. Here the Dickeyuller
(DF) and KPSS test are applied. The null hypothesis of DF-ssationarity, while the alternative
hypothesis suggests stationarity. The opposite holdsHe KPSS test (Kwiatkowskial., 1992)

3.2.2. Substitution model

Let me first scroll back to chapter 2, which distinguishes the snack and ingredient market for
cashevs. Bioken cashewsand other tree nuts, e.galmond or pistachioare widely used as
ingredient.The sack marketprefers cashew wholes arguality grades of other tree nut<Given the
potential demand overlap for both marketing types test for substitution amondhe tree nutsin
Delhi andthe interpolatedbrokencashew serie¢see alsdlable 4) Sulstitution expresses itself ia
long runrelationship between prices. In the short rprice shockgan disturbequilibriumprices The
transmission time can varny. exclusively look for long run relationships.long runrelationship
between wo variables idound in the cointegration of two variablggEngleand Granger 1987)
Similarly Ogakia and Reinhart (Ogakiad Reinhart 1998) accounted for substitution between
durable and nordurable goods.f cointegration is foundthen a vector errp correction model
(VECM)is constructed toexplore dynamic relations among the variablddefore a test for
cointegration sme preconditions have to holdin particularthe price variables have to be of the
same order of integratiorgifferent from zero.

Order of Integration

The transformation of a nostationary variable can recover the property stationarity. These
GENREFOfSE& FNBE (NI yaT2NWWRR.Po ALITK  FRAANSRIG  RRATEESSNNSS/YOBS
found to be stationaryexclusively after transformation, then they arstegrated atfirst order

(Verbeek 2008 p.28). All previously introduced stationarity tests are applied to account for

structural break and to ensure an accurate identification of stationarifytrend isincluded in the

tests to account for non stationayi due to a deterministic trendThe tests include DF, KPSS and the

Zivot and Andrews procedure.
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Cointegration

Cointegration can capture intetommodity market linkage$ere among tree nut prices. It oacs if
two or more nonstationary serieswith the sameorder of integration have the same stochastic
trend in common(Verbeek 2008 p.328 and 338 Engle and GrangdEngleand Granger 1987)
define cointegration as twarne series, eachy itselfis assumed to be nastationary, while a linear
combination of the twoseries, achieves stationarityA potentiallinear combination of two variables
is described in equation 2, which shows the linear combindtiomvholes-delhiand pistachio

(2)  Be-" Q) punac=%, M) A

LT G§KS S NIXBRnNXo b&thtdsnary then there exists a long run relationship among the
variablesThe parameter vector (5, 0 A &intépfatig v@or that removes the common trend
TheW2 KI y&ASYy Q& YI EA Yrde¥ tes(Jdarseh @99t atia® forlmyiliple cointegration
relationships among a set of variablehe number of cointegrating relationships determines the
rank of the setlf the rank is found to be zerdhen no substitution betweermprices can be proven,
otherwise a VECM model is constructed.

VECM

A VECM can collate cointegrating relationships to the involved varjal#eshe results of the VECM
AYRAOFGS Iy yagSNI 2y gKAOK O2AydS INdsérdlafichs NB | (i A
are confirmedby steps described for equation. Zurther the VECMallows fa an adjustment

parameter parameter vector,section 3.22) in aregression modelSuch modelcan beused to

estimate impulse response functions thiaidicate how aprice reacts to a shock in another price

(Verbeek 2008p.338. In case of a single cointegratimglationship between pistachios and whole

cashews the modetould bespecified:

00 0= t{T U [ @"0Pwha0  bpetNdda+8 M X " a

2KSNBE p Aa (GKS FANRD RATIHESS YD NI 98 EING PDEO 1@ W) G K
adjustment at which deviations from long run equilibrium are corrected in the following period; the
expression (pr1-" - punts) is the error carection term derived from equation (2); | y R ! YSI &dz
the short run elasticity of price transmission for the first lagged valuesgdadhe error termwhich

follows a white noise process, i.e. inter alia station&gw the nodel can be used testimatelong

and short run relationshipand the speed atvhich a marketeturnsto an equilibrium after a price

shock.
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4. Results

The following chaptelintroduces the research result¥he econometric results are illustrated in
conform orderto sectiln 3.2 First section 4.1 reveals a significant time trend and additional
conditions for time series. Thesection4.2 giveghe findings for theorders of integrationand the
lack of cointegration among tree nut variables

4.1. Price spread analysis

As disussed insection3.2.1the missing valuesf brokensare forecasted by gemiums and time
Both are decent estimatorswith highly significantparameters yielding a combined regression
coefficient B of 0.88 (Bble A2 Appendk). The forecasted values fill the blank observations in the
brokens series. The combination of the 4 additional values and the brokens seriealled
brokeninterpolated The4 additional values are displayed TiableA3 (Appendk). After forming the
spread of wholescochinand brokeninterpolatedthe ZivotAndrews procedureis appliedon the
spread. The null hypothesis states that a series isstationary, i.e. some trend in the spread, and
without an endogenous structural break. The alternative hypethesuggestsstationarity or an
unknown structural brealin the seriesThe procedure yielded a test value -3£166in respect to a
critical value of-4.42 at a 99% significance lev€onclusively e null hypothesiscould not be
rejected. The most likelystructural break is announced fabservation 97, i.e. 06/2011. Anyhow
neither a structural break nor stationarity is found in the spre8dthe spread is regressegpon
time, according to equation kéction3.2.1). The regressiooutput is given irfable 6

Table 6Regression spread upon time

0.019 0.001  0.000
0.594 0.092  0.000
No.ofobs. 114 Prob>F 0.000 R 0.614 adj. R 0.610

The results confirm gositive time trend. Over the observation period of roughly 9 years the spread
between wholesand brokenshas increased by an average of 2 cents per kg every mbiatie.that
all available observations are included. The observations are not limitedspeeific time period,
which is suspected to reflect such a trefiche additionaDF and KPS8stsindicate stationarity of
the residualat a 95 % significance lev€lable A4 Appendk), which meansthe absence of a
stochastictrend. Conclusivelthere wasfound a highly significantleterministictime trend (Table §
for the spread which proveshat wholes and broken prices have been drifting ap@his preliminary
result does not support the claim that buyers of cashew shift between broken and wholesgirad
order to achieve an equilibrium price between the grad8schequilibriumis crucial for aclear
substitution process between the gradeBurther implicationsof these resultsare discussed in
chapter 5

4.2. Substitution model

The substitution modl aims toidentify long run relationshipbetween cashevgrades and other tree

nuts. Variables with the same order of integratiane potentially cointegratedsgection3.2.2), which

is a strong reference of a substitution relationshiitst the order of integratioris identified as

discussed irsection3.2.2. The brokens series remains representedimkeninterpolated Table 7

shows the test values dhe applied stationarity test, namelF,KPSS and Zivéindrew procedure

The DF tasis run before all others to search fardeterministic trend in a series. If no deterministic

trend is found in the serigshen the critical values for stationarity diffet. K SNBEF2NB | f Y2 Y RQ2
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values are additionally noted.he test is performe for the base leveland the first differenceof a
series.Decisiongo reject atest hypothesisare basedon critical value for a 95% significance level.
Thetest values for the KPS test referto the lag order zerwalue.The Zivot& Andrews procedureis
only performed for base level variables. The procedadditionallyidentifies structural breaks, if the
null hypothesis is rejected. Thest outcomesare shown in &ble 7

Table 7Stationarity testsfor wholes, brokens, pistachio, almond and walnut series

-3.45 -2.89 0.146 0.463 -4.42 break
Trend Levels first diff. Levels firstdiff. Levels
Yes -2.64 -3.613 0.752 0.0823 -2.953 aug06 1
Yes -2.953 -3.077 0471 0.171 -2.846 jun-11 1
Yes -3.025 -2.301 1.05 0.16 -2.841 jan-10 1 or 2+
Yes -2.547 -4.267 0.257 0.07 -3.914  jul-05 1
-2.89 -1.95 0.463 -4.8
No -2.691 -3.06 0.883 0.183 -3.546 feb-05 1

All threetestsagree that all level series are ngtationary. DF and Zivé#ndrews test cannot reject
the null hypothesis of nostationarity and KPSS rejects the null hypothesis of stationdxity.
structural breakis concludedrom ZivotAndrews test set up (section 3)2 The first differences lead
to stationary variables except Pistdo. For the other variablethe first order of Integrationis
concluded Pistachio's results are controversi@lF test sometimes lacks power to reject the null
hypothesis, while KPSS imigaccept a false null hypothesisnyhow KPSS indicatesfirst oder of
integration series, while D&sumes a higher ordeBupplementary tests are carried out in case of a
cointegrating relationship of pistachio and another variable. ©haéer of integrationresults are
summarized in dble 7. If these variables of it order integration have the same stochastic trend in
common, then a cointegrating relationship between thean be identified Therefore the Johansen
maximum eigenvalue test and trace tgsection3.2.2) are carried out.The test identifieghe rank,
i.e. the number of cointegrating relationships among #et ofvariables Al five variablesin Table 7
are included in the tesfThe null hypothesistates the rank tested foif the test statistic is not larger
than the critical value, thetthe currently tested rank is equal or smaller than tlealrrank of the
variable systemTable &lisplays the results.

Table 8Johansen rank testor wholes, brokens, pistachio, almond and walnut series

Sample 4-114 Lags 3 No. of obs. 111
eigenvalue trace 95% critical valug  max 95 %critical value
statistic statistic

: 49.688 68.52 21.8014 33.46
0.17832 27.886 47.32 12.5314 27.07
0.10676 15.355 29.68 8.6813 20.97
0.0752 6.673 15.41 6.567 14.07
0.0574 0.106 3.76 0.106 3.76
0.00096
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Both tests cannot reject the null hypothesis fonaximalrank Q which is additionally markedy a
starin Table 8 Therebyno cointegration aslescribed in equation Zéction3.2.2) is found Without

cointegration it is not possible toonstruct a VECM to estimate adjustment parameter and) lom

equilibriums. Therefore theconometric analysifas to be stoppedt this point.No cointegration
between all five variableis concludedThis meanshe price dataholdsno evidence for substitution.
The results imply no substitution between cashew graded other tree nut kernelsAdditionally
they imply no substitution between other tree nuts or between the cashew gra@ésmpter 5
discusses likely reass and background information in this regard.
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5. Discussion and Conclusions

This chapter discusses thesults andmethodology of this researchSection5.1 points out the
implication of the result$or the maket actors in the cashew sectan particular processorssection
5.2ensures an accurate interpretati of the research resulis the methodological framework.

5.1. Results

This section reflects on the research resultwo research questions have guided this research. One,
what is the prce development of broken cashewslative to whole cashews?wo, ae cashew
grades substituted by almonds, pistachios or walfidike analysis has revealagignificant upward
trend in the spread of broken and whole cashew gradesthrdabsence of a laprun relationship
between any tree nutsXction 3.1.2has illustrated the research variablEsanswer these questions
Chapter 2 has introduced the value chain of tree nuts in particular cashewnfthimation suppors

the discussion dboth findings

5.1.1. Anincreasing price spread between whole and broken cashew grades

For a better understanding of broken and whole cashew prisestion 2.1.2 is recalled The
breakage percentage of nuts is a processing feature with economic inmperi@able 1)The results
prove clearly that the pricadifference of wholes and broken gradeas significantly increased since
2003. Thespread reacheda historic high, taleast since 2003Figure 6shows how the spread
increases more rapidlyfter the price pealked in 2008 and2011 On the one handhere issupply.
Mechanization hagnlargedthe broken percentage in batches relative to manual shellgggt{on
2.1.2. This has increased the supply of broken and decreased the supply of whole cashews.
Improvements orthe shelling technology would boost the economic feasibility of fully mechanized
cashew processing. Otherwise manual shelling like in India might regain importance worldwide.
Some industry actrs are well aware ofjrade distortion incashew supplyA bulldin on cashews,
G/ I aKS gFitzpdtridki@1}), states that cashew pieces continue to be oversupplied in particular
in Vietnam, which is the biggest kernel exportsedtion2.1.2). This produces selling pressuoe
processors Conclusively the bulletin summeeiz that the market for pieces has not been as
developedas for wholes(Fitzpatrick 2012 On the other hand there iglemand. Section2.1.3
explains how broken gradese used as ingredient in different food value chains. It further explains
that this use is limitedo India The results clearly showhat the usageis not sufficient to keep a
steady price spread bewen whole and broken grade¥ietnanese processors have high selling
pressure as they have to cope with a 30%ypiant tariff for cashew in IndisHoweverselling pressure

for piecesis not limited to Vietnarase processordfrican and other international processahkould
have an interestrni developing a demand on pieces. Intuitivelyee solutions are feasibl@ne, atax
reduction in India would incree the import demand for pieces; twdyroken grades gain more
acceptance on the snack markethree, the international market has to develop cashew as
ingredient, following the example of Indi@he first solution depends ahe regulatory framework in
India. Indian processorbave a strong economic interest in maintaining the import duty and will
lobby against such measures. Témcondsolution will not bediscussedn this study, becauseo
information wascollected e consumer behaviour. The thimbtion is still problematic forvarious
reasons Historically in many ingredient segmenge¢tion2.1.3) almonds and hazelnuts are more
common ingredients, especially in the EU and USA, which are the major impoftérs market
(Figure A3 Appendx). Bakeries,confectionary items savouries and chocolate itermee hardly
upgraded with theuse of cashew. Theoreticalbashewcan replace other tree nuts,.@ Kraft Foods
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owns Cadbury India which does produce chocolate filled with caramelized cablmveverthe
demand problem is not purely related to wholesalers and other kernel buyers. Processors can also do
a great deal to promote broken gradess ingredient. The cashew handbook has structured helpful
pre-conditions in different categorigdathew et al., 2011p.135136):
1. Standardization: improve homogeneity of processing outputs, e.g. establish impurity limits
2. Consolidation: increase trade contacts in a more transparent market, so that buyers can
source from a larger amount of processors
3. Distribution: decreaseolyistic bottlenecks, delays and defaults
4. Promotion: positive aspects of cashew deserve more attention in marketing, e.g. taste or
nutritional benefits; here a great deal can be learned from ABC, which has a decent budget to
market almonds worldwidesgctian 2.2.3).

Standards and quality issues, consolidation and distributions are long known issues of the cashew
supply chainRuben et al(2007, p.235 confirms these issues for the supply chain of Kekelaels
(Figure 2. The implementation of the handbofki -cbddifons can supporfa buyer friendly
environment. These effortimcrease the awareness ftine price gap between graddlsroughout the

whole value chain, including the retailers. Not just Vietnam, but processors in Africa and all other
cashew producing countriesdction2.1.1) could market their broken grades more effectively

Conclusively broken and whole cashew grades related in supply, while their demand is very
differently developed. This has caused a price gap which becomes increasingly economical relevant,
because broken grades become relatively cheaper every month. One optiold beto develop
international demand for broken gradesThis requires the implementation of pomnditions
discussed in this section. An initiative by wholesalers, retaderd especially processors could
AYLINR @GS GKS OdzZNNByid aidl3asS 2F oNRB]1Sy 3INFrRSQa

puj

5.1.2. The absence of substitution between cashew s and other tree nuts

The resultsgection4.2.2) do notprovideevidence for the substitution of wholeor broken cashews
with other nuts The study results are focused on substitutionhafse gradedy pistachio, almond or
walnut. However prices depenan a variety of supply and demandactors besides demand
substitution

Section2.2 explainsoverlaps and differences in regard supply and demandf the commaodities.

The magnitudes of supply resemble each other. No commoditplEgomore than a million tonnes

of kernels annuallyGiven the market magnitudeeminand substitution between commodities would
affect theinvolvedindustries. Neverthelesgashew supply derives in another season than the other
commodities(Table 3) Therdore it seems less likely that the raw prices are compared to other tree
nut prices. All tree nuts are rather supply inelastic. The crop is not grown yearly, but the trees need
time to achieve full bearing after a minimum of six years. Processors hawlust g available raw
material of tree nuts. Based on Table 2 pistachio has the most supply volatility and almonds reveal
the lowest. The same holds for the volatility ranking imowodity prices based on Figure Bnother
dddzRe I NHdzSa  Kthachios are frowd yhReéry largé Rlantadions in the US and thus
their prices are steady year after &  o-Alil ahdyJudge, 2001, p).7This is confirmed for
almonds, but clearly rejected for pistachi@d3n the one hand a substantial amount agtachos is
grown by smallholders in Iran (Figuké Appendx). On the other handPistachicsupply is supposedly

the mostinelastic among the commoditiesgiven thelong time frame until first fruit bearing of new
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trees (Table 3)Thereforesupplyis volatile(Table 2) and mightausethe price volatility observed in
this research (Figure 8Rased orthe discussedupplyfactors (section 2.2yashew and walnut are
the most comparable marketsTheir prices indeed show the highestredations between nuts
(Tabk 5. However no long run relationship can be confirméddo demand overlap of the
commodities has been identified in this studydditionally in the last year of observatioig&re 7
indicates no common developments for theo commodities Therefore pricecorrelationsmight be
limited to a similar supply phase withodirect relations of both supply chains.

Prices are largely driven by demand, amongst others due to inelastic s@plgumers purchase
tree nuts in snack form or as an ingredient in otffi@od product. Historically almond and pistachio
are widely used as ingrediendgction2.2.3, while the cashew processors struggle to do so outside
India Gection 5.1.) The results confirm the spread analysis. Shifts between broken and whole
cashews, e. shifts between snack and ingredient application, are rarely price drimemucts with

tree nut ingredients favour cheaper grades, but cashew processore nwat able to implement
broken gradesin such usePotentially impurity issuesor a lack of maniting have constrained
distribution. Compared to almondsashew hasbarely amarketing board. An association that
positions broken cashews as ingredient with its favourable features would be beneficial for the whole
industry. In India KSCDC could fulfdlstask. Nevertheless ABC is an association, whose experiences
can guide such a cooperatioMaybe this can lead to an adjustment of food product recipes in
favour of cashewHowever, today cashew is predominantly consumed in snack fohis.snack, i.e.
WW320 price shares no long run relationship with any tested tree mib. research is known to ¢h
author that has addressed substitution between tree nibéfore. The cashew handbook (Mathew et

al.,, 2011 p.138139 has calculated cross price elasticitieghich are carried out under the
assumption of substitution. The results indicate that pistachio and cashew have a positive cross price
elasticity over the period 2001 to 2010, whiokeans they areeconomic substitigs On the other

hand almond and cashehave even a negative cross price elasticity from 2003 to 2010, which would
make them complementary goods. Along the value chain (chapter 2) there is hardly evidence for a
complementary relationship between tree nuts. Solely the marketing of a mix of setsidn2.1.3

can support such claim. But especially a mix of nuts provides the opportunity for wholesalers to
change nut shares in the mix based on current prigéss would be a substitution procegdso the
consumer market of nutsllows for substitution. All of these tree nuts are available in nhumerous
(super)markets worldwideHoweverthe research result can find no evidence for the assumption of
substitution. The author assumes that the impact is insignificant in comparisathier price driving
factors. It is advisable for market actors to be awarenofe significant price drivers.

To sum up, lie pricing of the cashew depends on a varietysopply and demandactors. Supply
relates to other tree nuts in terms of magnitud@n the ontrary autside India other tree nuts,
especially almondsare more effectively positioned as food ingredient. On the snack market
wholesalers can change the percentage of nuts in a nut Adxitionally final consumers can shift
between the pure tree nut packages These potentialimpacts havenot been sufficient to fnd
economic substitution (chapter 1)between the nus. Comparable commodity prices are not a
significantpricefactor.
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5.2. Reflection on M ethodology

In the econometricanalysisa simple OL#odel was applied while additional tests accounted for
time series propertiego avoid a spurious regressiofhe series for broken cashewsas been
interpolatedto add missing values. Throcedure applied has yielded highly significant estimators
(Tabk A2 Appendk). This supports the expectation of atcuratevalue estimation The resulting
trend between whole and broken grades cent be deniedrom a methodologicaboint of view

The methodology of the substitution modehn mislead theeader.Sone studies like (Goodwiand
Schroeder1991) apply cointegration to identify spatial market linkagithin the samecommodity.
Studies lik§Ogakia and Reinhart 1998r (Narayarand Naayan 2005)alsoappliedcointegration in
order to account forprice substitution but supply data wasintegrated inthese studies In this
researchsupply datawas not availableon a monthly basis i.e. in the samdrequencyas prices.
Additionally annual data varies from source to sourc®. ®3® LYy RALl Qa LINPVMEIHzOGA 2 Y
estimated at 465,00QFitzpatrick 2011and 613,000ACA 201ptonnes Tlosereasonshave caused
the negligenceof supply quantitieswithin the econometric analysidNevertheless prices are partly
driven by supply quantitiesAlso supply data ofransaction cost structure, import duties, cost of
processing, currency exchange rates, freight and distribution @ogtacts the pric§Mathew etal.,
2011).In casesubstitution elasticitiedetween the tree nutsare low, empgrical datamight not be
able to trace an existing relationship between prid®sher supply and demand featurelske supply
volumes,are too domnant for price developments compared to competitor prices.

COther drawback on the substitutionmodel have beerhat only one prie oneachalternativetree

nut wasretrieved andthat the brokenseries derivedrom a differentlocation than otherprices In
regard to inter regional price differencebé variance in different locations has been identified as
highly correlated. Wholes in Delhi and Cochin/Tuticorin correlate by over B&7ice a absolute
conformity in regard to locations is unlikely to alte research conclusi@nSimilarly the correlation
between cashew grades has been above 0.97, with the exception of the broken Graaleter2
revealed one major ffierence in this regard. Broken gradase intended for the use as ingredient,
while whole grades supply the snack market. Demand differs between those grade types. Therefore a
broken or whole grade might be involved in substitution with the alternative tree nut kernels.
Neverthelesghe reseach could gain explanatory power by integrating the grading structure of other
tree nut commodities.This would yield the marketing position of different grades within one
commodity.

The alternative treenut commodities have been limited to pistachi@monds and walnus. Recall
from section2.3that cashews aranarketed as ingredient or snacWithin theserubricscomparable
products are all tree nuts, but also peanuts are very plausible compet@orshe snack market even
more competitorsare plausit®, e.g. potato chipsPrice substitution might be linked toother
products than discussed or is even spread over a whole variety of competitors.

Lastlynot all factors of the supply chain are captured in this research. ng. gaps within the
supply chin make it difficult for buyers to shit between nutsbhased on priceTraders generally
purchase fromraw nut processors on a forward basisften between 6 month and one year
Conclusively traders are not overly flexilbled the demanepricerelationis distorted. This coultbe a

key element to further explain the findings of no substitution.
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Summarizedurther researctcouldaddress tree nut substitutiofocusing on the value chain of food
products with cashew as ingredienflso a cashew value chain should include intemporal
measures. Bothnalysesan yield hazards regard to cashew consumptioRurther gades of other
tree nuts do supply different applications tifeir buyers. Besidesgrades other commodities, like
peanuts are potential substitutes for cashewn analysis can reveal more suitable competitor prices
for each cashew grade.
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Appendi x
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FigureA3 Gobal kernel mports by country
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FigureA5 In shell walnut supply andconsunption
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TableAl Processing units, Capacity and Utilizationindia 20052006

Indigenous Import Total

432 600 67 320 387
266 300 45 20 65
45 50 21 - 21
350 50 20 - 20

417 400 294 225 519
175 100 92 - 92
209 100 11 - 11
30 8 8 - 8
3 5 - - -
22 10 15 = 15

3799 1623 573 565 1138

Source(DCCD

-0.033

No. of obs. 110

0.002
1.280 0.054
-2.377 0.248

0.000
0.000
0.000
Prob>F 0.000 R 0.879

TableA2 Regression brokens upon time and premiums

adj. R 0.877

TableA3 hterpolated valuesfor

2.78

3.25

7.28

8.65

broken cashews

3.05
3.23

7.79
8.20

Table AADF and KPSS test on residualseduation 1

0.463

0.402
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