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SUMMARY

Gum Arabic has the potential to contribute substlintto the income of poor nomadic and
semi-nomadic pastoralists in Kenya. In the studsnga of 201 households, observed
marketed quantities were found to be low, even ghotihe resource is widely and freely
available and most interviewed households wereatasgly poor. An economic model was
developed that offers an explanation for this paxath the model, a shortage of rainfall had
a larger negative effect on the return to altemsasiources of income, thereby increasing the
relative return to gum collection vis-a-vis theskeraative sources. Regression results
corroborate this prediction. It appears gum Arabi@a low return activity which is mainly
used as a safety net when other sources of incalrghbrt.

Key words: Non-timber forest products, poverty @l¢ion, gum Arabic, Kenya, multiple
linear regression
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INTRODUCTION

Gum Arabic is a resin from several types of thececaee naturally occurring throughout the
arid and semi-arid lands (ASALs) across the whdlsub-Saharan Africa. The trees occur
most densely in the so-called gum Arabic belt, Whgpans an area several hundred
kilometres wide to the south of the Sahara andc$tes from Senegal in the west to Somalia
in the east (White 1983, FAO 1985, ICRAF 1992, rislet al. 1997). Trees are also wide
spread in East Africa, from South Africa to Sud&addadet al. 2005). Gum Arabic has
been traded since ancient history and has a widgeraf industrial uses. The chemical
structure of the gum is so complex that no synth&ibstitute has yet been discovered. It is
such a crucial input to industry that the Gum AcaBiompany, the largest exporter in the
world, was given an exemption from the trade embarigthe United States against Sudan
even though it was known this company was owned/7@i% by Osama Bin Laden (Van
Dalen 2006). Even though worldwide demand for theource is high and increasing,
countries like Kenya are struggling to increasepdypeven though the resource is widely
available (Beentje 1994). Areas containing gum Aratees are among the poorest in Kenya,
some having poverty rates of over 90% (GOK 200Tm@rabic is traditionally gathered in
the wild by nomadic and semi-nomadic pastoraligthhough the gum has some local uses,
for local people involved in its collection its malivelihood contribution comes from its
marketing. Given increasing world demand (ITC 20aG)m Arabic offers large poverty
alleviation potential. However, observed marketedmdities were found to be low, and
consequently the contribution to household incomméted. In this paper, a model was used
that offers an explanation for these low observedketed quantities. The model was tested
using a unique household-level dataset from Kengmbined with publicly available
geographic information system (GIS) data. In thenamder of this section, existing
knowledge on gum Arabic production and collectisrdéscribed and compared with studies
on other non-timber forest products.

In Kenya gum Arabic is collected from the wild, nvak it important to know which
particular trees produce gum and where such traesally occur. Gum Arabic is the natural
exudate of several subgeni of the Acacia tree Nsgleinari and Doi (1993) for an overview).
In Kenya gum is collected from bo#kcacia Seyabnd Acacia SenegalThe latter is more
common and found as a leguminous tree, deciduaus st shrub tree species. It belongs to
the subgenusculeiferum(Arce and Banks 2001). Four varieties within thbe@es produce
gum Arabic: var.Senegal, Kerensis, Rostratnd Leiorhachis (Brenan 1983, Fagg and
Allison 2004).Acacia Senegalar. Senegals most valued for quality (Leloet al.2010) and
var. Kerensisforms the basis of the international export mark&rensisis also the most
commonly found variety in Kenya (Booth and Wickel888, Chretinet al. 2008). Gum
producing trees are found throughout the drylahds ¢over almost 80% of Kenya (Beentje
1994, Maundtet al. 1999). The value of the tree is not limited toatslity to produce gum
Arabic. Acacia trees increase soil fertility by ifig atmospheric nitrogen and hence
contribute to stabilizing yields (Fagg and Allis@904) and are used for desertification
control (Cossalter 1991). To estimate the gum peoducapacity of a region, not only the
occurrence of gum producing trees but also theiggenswhich they occur is important.

Only a handful of studies provide information ore tHensity of gum producing
Acaciatrees in Kenya. Olang (1984) was the first to makesgetation map of part of the
study area, Turkana district. He distinguished eigigetation types, only one of which was
specifically mentioned to contaiAcacia SenegalUnfortunately, no mention is made of
stocking densities. A decade later in the sameonggCoughenour and Ellis (1993) found
Acacia Senegalo be the dominant species on rocky sites withopirsg topography. This
more frequent occurrence & Senegabn hilly sites is corroborated by Chikamai et al.
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(1995) in a study specifically aimed at establighis stocking density in Turkana, Isiolo and
Marsabit district. However, in their study onlyesitknown or expected to contain Senegal
were included, making it impossible to extrapolaterage stocking densities for the region
as a whole from their results. Another difficultythvestablishing stocking densities is the
intensity of anthropogenic disturbances. Treescatego produce charcoal, fuel wood, or for
building animal enclosures (NAS 1979, Wickeas al. 1996). Furthermore, browsing,
especially by goats, negatively affects regenemaf©obeid and Seif el Din 1970). These
disturbances might explain the lack of up to d&telsng density information.

Regional availability of gum Arabic depends notyooh occurrence and density in
which gum-yielding trees are found but also onrtipeoductivity. Tree density itself might
have an effect on the productivity per tree, beeaafscompetition for nutrients and water
between individuals and species (Gaaédr al. 2006). Irrespective of density, several
environmental factors were also found to influepoeductivity. Dione (1989) found a strong
positive relationship between rainfall and gum gsgla result which was corroborated by
Ballal et al (2005). The latter authors additiopaghowed a positive relationship between
yields and air temperature. Wekesa et al. (2008)vel a positive relationship between gum
yield and soil temperature and a negative relaktignith soil moisture content. In addition
to environmental factors, harvesting technique® atdluence gum vyields. Tapping is a
technique where part of the bark of the tree isovad to stimulate resin production. It has
been shown to improve yields Atacia SenegalWekesaet al.2009) andA. Seyalvarieties
(Fadl 2011). Furthermore, yields are influencedwhen and how often the tree is tapped,
where the tree is cut, and even which tool is useghake the incision (Balladt al. 2005,
Wekesaet al. 2009, Fadl 2011). It is therefore not straightfard/ to determine gum
production per region, especially when gum is otld from natural stands.

In Kenya, the ASALs where gum Arabic is found dralty inhabited and pastoralism
is the primary source of income for local peopleimGArabic is only available in the dry
season, and hence mainly serves a supplementacyidion Non-timber forest products
(NTFPs) in general are often used as a safetyanstjbsistence product or a cash earner
(Belcher and Schreckenberg 2007). Especially poboerseholds depend on NTFPs for
subsistence or cash income (Neumann and Hirsch, Zl¥ckleton and Shackleton 2004).
Sunderlin et al (2005) explain this dependencyhgylow skill and little capital required for
their collection, and their usually open accessirgatThis situation could also apply to gum
Arabic collection in Kenya, because no specificltoor skills are required and lands are
communally owned so access to trees is unrestrictedt mostly poor households are
involved in gum collection is corroborated by aemicstudy by Gachathi and Eriksen (2011).
They distinguished two main groups of collectorsie Tiirst group contained households
owning little or no livestock, often because ofdes due to raids or droughts, a trend also
observed in Ethiopia (Woldeamanuetl al. 2011). For this group of households, for whom
gum collection appeared to be mainly driven by neesmen and girls were found to be the
main collectors (Chikamai and Odera 2002, Luvaetal. 2006, Wekesat al. 2010). The
second group of identified collectors was considete be emerging and consisted of
opportunists, collecting gum and resins to increéatd household income, not out of need.

Gum is collected for use within the household ardricome generation through sale
in the market. Some gum is eaten as food. OkunanddBasah (2007) considered it to have
an important contribution to diets, as it providesource of vitamins, minerals, proteins,
carbohydrates and fats. This contribution is egdgdmportant in the dry season - called the
‘long hunger’ in Marsabit (Fratkiet al. 2004) — when other sources of income are in short
supply (Oni and Gbadamosi 1998). Arabic gum is edltor its medicinal properties, and is
used to relieve backache and painful joints. The ttself has several local uses. Its bark is
used to treat stomach related illnesses and to mugdes and fishnets (NAS 1979, Chikamai
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and Odera 2002, Obwt al. 2006, Watson and Van Binsbergen 2008). Seedscaiumed
as vegetables and leaves provide fodder for livgstBaumer 1983). The wood of the tree is
used for fuel, to make charcoal and poles andréedhes for fencing of houses and livestock
sheds (Barrow 1990, Wekesaal. 2010). This wide range of uses for both the guch the
tree itself indicates that most households will\wwn@here to find trees and how to collect
gum, and there is expected to be no knowledgedrdimiting collection. Although these
direct uses of gum contribute to household incogoen brings most benefits through trade.
Gum Arabic has been internationally traded for dixex thousand years. Ancient Egyptians
used it in paint and for the wrappings used to émbaummies (Whistler and BeMiller
1993). Although traded throughout the middle ageganised gum trade only started in
earnest in Sudan in the 1820s and has increassz@never since (Awouda 1988). Gum
Arabic is labelled as safe to use in food itemstbhy United States Food and Drug
Administration (Dondain and Philips 1999) and esjay similar status in the European
Union, where it is used under code E414 (Van DaRP6). It is used in the food industry as
a stabilizer in soft drinks and in candy; in thephaceutical industry; and in industries such
as printing, ceramics, and textile (Anderson andpiMlg 1992, ICRAF 1992, Cunninghaeh

al. 2008). The amount of gum used within the houselsoékpected to be more or less fixed,
but the amount that can be traded is practicatijtliess and it is therefore that these latter
guantities can be expected to have the largeshpat@npact on poverty alleviation.

Resear ch question

This study investigates the socio-economics of guabic marketed by households in Kenya
and attempts to offer an explanation for the precdstermining observed marketed
guantities. Gachathi and Eriksen (2011) have shthenpotential gum Arabic can have in
alleviating poverty. The resource is freely acdassi does not require large capital
investments, and given the great variety of locas, techniques required to collect it appear
to be common knowledge. Mainly poor householdsirarelved in its collection (Wekeset

al. 2010, Woldeamanuet al. 2011), the areas in which it is found are amomgpborest in
Kenya, and it is available in the dry season, whigrer sources of income fall short (Oni and
Gbadamosi 1998). And yet, it is commonly understtmat the resource is underutilised
(Chikamai and Odera 2002, Chre@hal. 2008, Gachathi and Eriksen 2011). In this paper a
model is proposed that offers an explanation ferithiv observed marketed quantities.

Although it is known that mainly poor household® anvolved in gum Arabic
collection (Chretinet al. 2008, Gachathi and Eriksen 2011), no previous viak described
the socio-economic characteristics of these houdehand thus little is known about their
main sources of income and how these are obtairtextefore the first objective of this study
was to describe these characteristics. The secbjedtive was to discover the influence of
these household-specific characteristics on ttaivel return to gum collection. In addition to
household-specific characteristics, spatial charatics such as insecurity and gum
availability were hypothesised to have a stronguerice on this relative return and hence
were also accounted for. The final and main objectvas to use this information to test an
economic model that offers an explanation for the bbserved marketed quantities of gum
Arabic in Kenya.

The developed model and how it was tested is destrbelow, followed by a
description of how the data was employed. The wsdset is unique in its focus on the
socio-economics of gum collection and marketinger€fore, the data are described in some
detail in the results section, before showing #sults of the tests of the theoretical model.
The paper will conclude with a summary of main agsk results, policy recommendations,
and suggest areas for further research.



METHODOLOGY

M odel

Marketed quantities of gum Arabic were analyseth@isehold level. It was assumed that
within each household, labour was allocated to ma&e income, given traditional roles. The
way labour was allocated to different activities)@ necessarily identical from year to year,
but always depends on the return to labour in eatiity. To simplify the analysis, it was
assumed households in the model could allocateutatm only two activities: livestock
herding and gum Arabic collection. Livestock kegpimas indicated to be the primary source
of income of interviewed households, and henceedtfect of livestock keeping on gum
Arabic collection was expected to be larger tham effect of other income sources. The
model covers only dry seasons. The production piisgifrontier (PPF) shows potential
output combinations households can choose fromu(€id). It bends outwards from the
origin because of the different specialisationbaifisehold members. For example, men, who
are usually herding livestock, might not know theedtion of gum vyielding trees and
conversely, women might have less knowledge of atiigin routes and watering points. Total
household output is therefore higher when a vargdtputputs is produced. Income from
livestock herding is shown on the horizontal axid ancome from gum Arabic collection on
the vertical axis. In a normal year, the PPF is@néed by continuous line and the return to
livestock herding exceeds the return to gum cabbectWhich level of output the household
chooses depends on the relative prices of livestinckgum, represented by the relative price
line (PP). Given

A
Gum

Arabic

n

0 Livestock'

Figure 1: Production possibility frontier

these prices, the households’ income maximisinguiunh a normal year is at point A. In a

drought year, the PPF shifts inwards: the returtabour falls in both livestock herding and

gum Arabic collection. The fall in productivity expected to be more extreme for livestock:
not only is there less forage and water available,in addition larger distances need to be
covered to reach them (Schwasdt al. 1991, Coppock 1994, Schwartz 2005, Saeéleal.
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2010). The shortage of rains reduces the amourguof produced per tree (Dione 1989,
Ballal et al.2005), thereby lowering the quantity of gum thar ©e collected per unit of time
and hence the return to labour in gum Arabic ctitbec Several authors found that in Kenya
only a small part of the available gum is collecf€thikamai and Odera 2002, Chreénhal.
2008), which might reduce the strength of this@ffét constant prices, production moves to
point B, with a sharp drop in livestock income anslight increase in gum income. However,
during droughts livestock prices fall as a consegaeof oversupply caused by distress sales
(Fafchamps and Gavian 1997, Barrettal. 2003), causing the price line to rotate to PP’.
Now, the new optimal production is at point C, whenore gum is collected than in a year
with normal rainfall, even though the absolute metio gum collection is lower.

Livestock is a productive asset used to provideskbalds with blood, meat and
especially milk, but also serves as a store ofvdRarrettet al. 2003). During periods of
drought, bleeding is reduced to limit stress onmaté (Dahl and Hort 1976). Cattle are
especially sensitive to rainfall, and produce digantly less milk in periods of little rainfall,
sometimes not producing any milk at all (Schwanmz &chwartz 1985, Lesorogol 2008,
Sadleret al. 2010). When droughts are severe enough, even sanasi stop producing milk
(Field 1979, Sperling 1987). With severe incomeurgidns because of limited production
from livestock, one would expect an increase irediock sales to smooth consumption.
However, several studies have found that consumgiooothing through livestock sales is
far from perfect (Fafchamps and Gavian 1997, Faifgset al. 1998, Lybbert and McPeak
2011), implying that households have to substdpti@duce consumption in periods of
rainfall shortage. Because pastoralism is the nmpgbrtant source of income for households
in the study sample, this fall in income from lit@sk during rainfall shortages is expected to
encourage an increase in alternative income-gengraictivities, such as gum Arabic
collection.

The model was tested using cross-sectional data. fiffal position on the PPF is
determined by the relative price level. Unfortuhgteno information was available on
livestock prices, so only the gum Arabic price cbbk included. The shape of the PPF is
household-specific, and depends on both the retoirfebour in gum collection and in
livestock keeping. Because the data was crossesatticontrolling for household-specific
factors was not only necessary to allow unbiasé@chason of the importance of shifts in the
PPF, but also provided an insight into the relaiimportance of factors hypothesised to
influence its shape. Regional gum availability veeected to increase the return to gum
collection. Although it is likely that in areas Wwihigher gum availability there were more
collectors, this was not expected to outweigh tleeelit of increased availability. More
severe rainfall shortages were interpreted to atdidarger inward shifts of the PPF and
stronger distortions in its shape, as rainfall &hges were expected to have a larger effect on
the return to labour in livestock keeping than mmmgcollection. Finally, the insecurity
situation prevailing in parts of the study area wa&pected to lower the return to both gum
collection and livestock keeping, causing the P®&Fshift inwards, and hence lower the
guantity of gum collected for marketing.

Data were analysed in Stata 10 using linear regmessalysis. Ordinary least squares
(OLS) estimation was used to obtain parameter estisn(see Wooldridge (2006) for a
detailed explanation of this technique). The depehdariable was the natural logarithm of
marketed quantity in kilograms per household, bseait was found to more closely
approximate the normal distribution than the unrfiedivariable. The independent right-
hand side variables were the factors hypothesisedetermine which output allocation is
chosen by the household.

y=at X, +tyZi+ B X, + 63X + Xty 2ot e



Where y is the natural logarithm of marketed gugnti kilograms per yeax is a constant,
X indicates an individual variable, and Z a veabbrvariables. Betasf}j and gammasyj
indicate coefficients and vectors of coefficienesgectively. Finally, epsilore) is an error
term. X, was price; Zwas a vector of household-specific variables hygsised to influence
the relative return to labour in gum collection divéstock keeping. It included household
size, wealth, the number of female and male calls¢tdistance to preferred collection plot,
and two binary variables equal to one when houskshaked tapping or migrated with
livestock. % was acacia area;zXwas rainfall shortage and measures the produgtivit
potential of labour, or in model terms, the positad the PPF; Xwas insecurity; and finally,
Z, was a vector containing tribe dummies. These ulilbmmies were included to control for
cultural differences that might influence the redatreturn to labour in both activities, i.e. the
shape of the PPF.

There were several concerns regarding the religloli estimated coefficients. No
data were available on the number of collectorganh region. Exclusion of this variable
would induce omitted-variable bias unless so muam gvas available that no de facto
competition for the resource existed, i.e. when dkailability constraint was non-binding.
Although gum Arabic was thought to be underutilizad studies have explicitly tested this
assumption. Such omitted variable bias cannot bededirectly, but is one of the main
causes of heteroskedasticity. All regressions whezefore tested for heteroskedasticity
using the Breusch-Pagan test (Breusch and Pagd). 1®7other potential problem with the
specified model was measurement error, especialljhé measure for gum availability.
Severe measurement error would induce inconsistaatyonly in the coefficient on the
variable measured with error, but also affect othgranatory variables. This problem would
be attenuated by finding an instrument for gum labdity. However, no such instrument
was available. The dependent variable might haffersal from measurement error because
of rounding of recalled marketed quantities. Thessmuent increase in standard errors of the
estimated coefficients of the explanatory variablesild reduce their observed significance.
Neither of the above mentioned concerns was exgeatbe severe enough to affect the sign
of the estimated coefficients, however, care shbeltbken in interpreting their size.

Data

Research context

Most gum Arabic collection in Kenya takes placetl® north, a vast area inhabited by
several different tribes, the largest of which #ire Turkana, Samburu and Rendille. These
tribes are similar in many aspects, such as a comadependence on pastoralism, but the
specific ways in which they interact with their @wment are quite distinct. In the
following subsections, each tribe will be discussedsome detail. Particular attention is
given to herd composition, migration patterns, daldour allocation between household
members. Furthermore, environmental and institalidrends that are believed to have a
direct impact on lifestyles of local people will loéscussed. This elaboration serves as an
important background against which the results o tstudy will be interpreted and
discussed. The sections draw heavily on the antiogjal literature, but also contain
contributions from various other disciplines.

Turkana

The Turkana consist out of several culturally hoerapus groups (Gulliver 1951) inhabiting
the North Western part of Kenya, bordered by SwatahEthiopia in the north, lake Turkana
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in the east, Baringo and Pokot district in the Spahd Uganda in the west. The majority of
Turkana are nomadic pastoralists, i.e. primarilypatelent on livestock, living in an
environment with marked seasonality and moving desgly to provide their herds with
sufficient food and water (Gulliver 1955, Dyson-lHod and Dyson-Hudson 1980).
Livestock movements in Turkana are irregular, aifferd between herders and seasons
(McCabe 1994). Turkana move frequently and livesmall household groups. McCabe
(2004) calls them'the most mobile of the nomadic peopl&n additional reason for
frequently moving livestock is the fear of raidsjiah is widespread in the region and often
causes movements into unfriendly and unknown teyrigPike 2004).

Herds are composed of cattle, camels, donkeyssgoad sheep, which each have
different forage and water requirements (Schwartd &chwartz 1985) and are managed
differently. Such a multi-species composition akolmouseholds to make use of a wider range
of resources (Galvin 1985) and diversify consumpticsk (Lybbert and McPeak 2011).
Animals provide milk, blood and meat, can be saldinance household consumption and
can be used as a store of value ‘on the hoof (Beb@89). During the dry season income
diversification becomes especially important, beeareduced pasture productivity causes a
drop in milk production and bleeding of animaldimited to reduce stress to animals (Dahl
and Hort 1976). Income from herding is complemematth collection of gums and resins
(Chikamai and Odera 2002, Watson and Van Binsber2@®8), wild food resources
(Watkins 2010), and occasional hunting (Broch-D@89). Yet another source of income is
relief assistance which has been provided neamyimaously in Turkana district since 1999,
and includes the distribution of free food, therapefeeding programmes, workfare schemes
and cash and voucher interventions (Lind 2005).oAding to a recent Oxfam (2006) study,
food aid from household entitlements and schootlifege was the second most important
source of food in Turkana in the year 2005.

Samburu

The Samburu homelands are at the southern endkaf Tarkana, at the edge of Kenya’s
highlands and lowlands. About 95% of all 235,00enBaru people (Kenya National Bureau
of Statistics 2010) live within the borders of Sambcounty, bordered by Rendille people to
the north, Boran to the south and east, and Turkaritae west and northwest. The tribe is
closely related to the Masaai, and share a commogubge and preference for cattle
(Spencer 2004).

Cattle herds are kept close to home, usually inksoation with sheep and goats.
Since the 1980s wealthier households have stamt#dding camels in their herds (Sperling
1987). Camels are valued for their ability to proelumilk even in the dry season (Spencer
1973), but uptake used to be restricted due to higfront capital costs and limited
knowledge about their tending requirements, whidh quite distinct from those of cattle,
sheep and goats (Field 1979). Samburu householgsat@iindependently (Spencer 1973).
Historically households would migrate several tineeyear with their herds to available
pastures, but recently a more sedentary semi-nanidestyle has been adopted by most
(Spencer 2004). In the dry season, when cattle doeproduce milk, it is moved to satellite
camps, herded by young men, while the rest of theséhold stays in the home settlement
(Lesorogol 2008).

Milk, blood and meat are the main components oftthditional diet, complemented
with wild foods obtained through collection or teaavith neighbours (Holtzman 2007).
Home consumption of milk and sale of animals wamébto be the primary source of income
for wealthier households by Lesorogol (2008). Poti@useholds were more dependent on
wage labour and trade. Several authors mentiorel tin timber, firewood, charcoal, hides
and skins, alcohol and other petty trade (Lidteal. 2001, Lesorogol 2005, Lesoroget al.

11



2011). Small scale production of locally consumeadpcts such as beer takes place among
poorer households (Smith and Little 2002). Wageulahs increasingly an important factor
in household income. Better paid jobs, such asewlan or civil servant, are generally more
secure. As a result, diversification of househaltbme sources is lower for such households
(Lesorogol 2005). Samburu is the only district mststudy where attempts were made to
register land holdings. Immediately after indeper#eland was allocated to so-called group
ranches, which excluded sheep and goats from waimgelands, and thereby forced poorer
families which owned fewer cattle to move to lesgourable pastures. In the 1970s and 80s
these group ranches were subdivided into indivithrad holdings (Fratkin 1994).

Rendille

Most of the 60,000 Rendille (Kenya National BurezuStatistics 2010) live in Marsabit
district, which is bordered by Ethiopia to the mpNVajir district to the east, Isiolo district to
the southeast, Samburu district to the southeaktake Turkana to the west. Marsabit is also
home to the Gabbra and Boran, who inhabit the eméinge from Ethiopia into Isiolo, and
parts of various other tribes, such as the Sakéyeran and Degodia Somali whose
homelands lie further to the east (Schwagtzal. 1991). In the south of the district Ariaal
Rendille, a relatively recent tribe which is a hgbof Samburu and Rendille culture are
found. Spencer (1973) finds them undistinguishdiden Rendille proper, apart from their
age system (described in Spencer (2004)), whi&amburu. In this study, no distinction will
be made between Ariaal Rendille and Rendille proaed they will jointly be referred to as
Rendille. Interestingly, and unlike any of theirigidours, Rendille are monogamous,
resulting in smaller households and lower popufagowth (Spencer 1973).

Camels are the most important component of Rentidiels, and valued for their
ability to produce milk year-round. Rendille camelse sturdy and well adapted to the
extremely harsh environment (Schwartz 1979). Maostskholds additionally have a stock of
sheep and goats, which are kept for their meattarsetll at the market. Camels are usually
kept in satellite camps close to permanent settésn&chwartz and Schwartz 1985). During
dry seasons, pasture around permanent settlemeptstes rapidly, forcing movement of
most of the camel herd to fresh pasture. From tHeveeekly trips are made to water holes,
which can be up to sixty kilometres away. A smatiup of lactating camels is usually kept
close to the settlement, to provide women, childaad older men with milk. Smallstock is
far less mobile than camels, and when settlemestupes deplete, are required to move to
waterholes where pastures are still fresh. Theseements usually take place in groups of
herders, since Samburu often attempt to steal ami(Bahwartzet al. 1991). Groups consist
largely out of girls, accompanied by elders, wagiand boys. Herds of only sheep and goats
(smallstock) can be driven over distances of 10QQ# kilometres (Schwartat al. 1991).
Roth (1990) found herds started including more leatts a consequence of the high
commercial value of beef and the active push ftttechy various development agencies

In colonial times, policies were developed thabtadld fixed grazing areas to different
tribes, to reduce tribal conflict. Such policiesreveontinued after independence. As a direct
consequence, pastoral mobility was severely red(8eldania 1988, O'Leary 1990). Sobania
(1988) estimated that the Rendille home range &hram 57,600 to 8,000 square kilometres
over the period 1920 to 1980. This reduced mobifithelieved to have increased livestock
losses due to drought (Roth 1990, Roth and Frdi881) and consequently increased the rate
of sedentarisation. Following the droughts of 19@3-famine relief missions added to this
trend by providing a year-round source of food alsb water, through the permanent water
holes that were created alongside them (Fratkirl 1B®th and Fratkin 1991, Fratkin 1992,
Smith 1998). Over the last decades, settlements hawed closer to towns, and diets have
become more dependent on maize instead of milktiiRraet al. 2004). This increased
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dependency on maize can be explained by its pestoric terms of trade with milk given

low enough transaction costs (Zaal and Dietz 198®)ving closer to towns also increases
opportunities for milk marketing, especially wheettements are within walking distance
from towns (McPeak and Doss 2006).

Data collection

The study area comprised Turkana, Marsabit, Samhbsiolo and Mandera Courltyin
northern Kenya. Communities were selected in regjishere Acacia Senegal and Seyal were
frequently occurring and where their gum was atfivwllected (Beentje 1994, Chikamai
and Gachathi 1994, Chikamai and Odera 2002). BayiNtyvingi, Wajir and Garissa County
also contained gum-yielding trees but were excluech the survey. Although some gum
collection and trade was taking place in theseoregjithis happened on a much smaller scale
than in selected counties.

The five included counties were among the poorestenya, with the share of people
living below the national poverty line ranging frof.6% in Samburu to a staggering 94.3%
in Turkana (GOK 2007). They were also thinly poped with population densities ranging
from 4.10 in Marsabit to 39.37 inhabitants per squdaometre in Mandera (GOK 2010).

No accurate map containing the location of eaclagd in the area was available.
Communities were selected by driving through arelasre gum was said to be collected and
asking along the road whether particular brancheseevieading to a settlement. Care was
taken to select villages at different distancesmfronain roads. When a village was
encountered, but residents indicated nobody the® imvolved in Arabic gum collection, it
was excluded from the survey. A total of 20 villageas located this way and included in the
study ( Figure 2). Names of villages are providethe appendix.

Household-specific data was collected in Augustt&aper 2009 as part of the Acacia
gum project using a pre-tested semi-structuredtopresire. Data cover the long dry season
of 2009. In addition, marketed quantities and nemiprices in the preceding short dry
season were obtained by recall. Up to 21 househwddle interviewed per village, giving a
total of 204 respondents. The data consist of thmeen parts: respondent and household
characteristics, gum collection, and gum marketilj.data were collected by Gaudiose
Mujawamariya with assistance from the Kenya FoyedResearch Institute (KEFRI).
Although the dataset was unique in the broadnessinfidfrmation it provided on
characteristics of individuals and households imedlin collection, as well as a range of
factors influencing characteristics were collead@dan individual level rather than household
level. Therefore, these variables could not be usedompare households. Second, no
household income data was available. Even thoughdttaset contains information on
income sources and their relative importance, tiemo information on their size. This is
unfortunate, because information on the size obnme from livestock herding would have
allowed direct testing of the assumption that @irghortage has a larger effect on the return
to labour in livestock herding than in gum colleati Third, no village level data was
collected. As the quantity available per individirdusehold is directly dependent on the
number of collecting households, given that the ngjtia available is fixed, this is a
potentially serious shortcoming which might causetted variable bias if gum availability is
a binding constraint to increasing quantity cokectFourth, no information is available on
non-collecting households, a form of selection biagrthermore, this omission prevents
statements about the position of gum collectotkénpopulation as a whole, especially

1 These counties were called districts before an administrational change in 2009. Currently, each county
consists out of several districts.
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because information on total income was unavailakiés is particularly unfortunate because
the poverty alleviation potential of gum is measlunet only by the size of its contribution to
collecting households, but also by the number diecting households. The results of this
study can therefore only be applied to the former.

Variables

The variables price, number of female and maleectdkrs, distance from preferred plot in
minutes, and whether or not a household used tgppimigrated with livestock were taken
directly from the data. A binary variable to measunsecurity was constructed, which
equalled one when collectors indicated insecuriég Wheir primary concern when collecting
gum. Tribe dummies equalled one when a respondelongged to a particular tribe. The
variables on household size and wealth were nettiyr measured but could be constructed
from the data. The dataset contained informatiothemumber of adults and children in each
household. In order to compare households of diffecomposition, an adult equivalent (AE)
scale was constructed. This measure scales theiroption level of household members of
different ages to the equivalent consumption lefean adult. Following Deaton and Zaidi
(1999), AE = (A +0K)®, where A refers to adults, K to children andnd are weights. For
low-income households where most income is spenfood items as was the case in our
sample, Deaton and Muelbauer (1986) and Deator7jIr@@ommended setting= 0.3 and

= 0.9. This variable was used to measure housetioéd The final variable constructed from
the survey data was a measure of wealth.

Wealth is an important indicator of the degree ihich households rely on non-
timber forest products (Timket al. 2010). Income measurement in developing counisies
complicated by substantial self-sufficiency of helslds. Sahn and Stifel (2000, 2003)
proposed a measure of poverty based on an asset, indd found it to outperform more
traditional expenditure indices in predicting théritional status of households. The authors
identified three groups of assets: household dasallousing quality, and human capital. The
survey data contained information on householdhlasasuch as radios, transport means, and
telephones. The number of houses was used as aiaedshousing quality. Traditionally,
each wife has her own house, and hence severakholds had multiple houses in their
homestead or ‘Kenyatta’ (Spencer 1973). Years afcation was used as a measure of
human capital. In the study area, the majority @figeholds was dependent on pastoralism,
and hence livestock was their most important arldalde asset (McPeak 2004, Lybbert and
McPeak 2011). It was therefore deemed importanhd¢tude in the asset index. However,
herds differed substantially in composition for lbatultural and ecological reasons. To
compare herds of different composition, livestoakdings are commonly converted into
tropical livestock units (TLU) (FAO 1972). This ampt is based on the metabolic weights of
animals. It was found to be a good base of comparfer animals of different species,
whether the variable of interest was feed intakanune produced, or product produced. The
following conversion factors were considered appetp for the Sahel region: 1 TLU = 1
cattle = 1.25 camel = 10 smallstock (Dahl and H&T6). For donkeys, a factor of 1 TLU =
2 donkeys was used (Houerou and Hoste 1977). TlHisrmeasure was combined with data
on household durables, housing quality, and hunagital to construct an asset index. Prices
are often used as weights for the contribution axfheasset to the index, however, in the
absence of well-functioning markets such informatie hard to obtain and likely to be
inaccurate. Therefore, Sahn and Stifel (2003) sstggefactor analysis to determine weights
(see Lawley and Maxwell (1971) for an explanatiérihe technique). The final value of the
index for household is the sum of the weights times the different ssssvned by the
household:index; = X1, w;;a;;. Wherew are weights andh are asset$ = 1,..m. To
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complement information from the household levelveyr rainfall shortage and gum
availability variables were constructed using seleon GIS data.

The difference between actual rainfall and long awerage rainfall was used as an
indicator of the weather conditions. Rainfall datare obtained from the Famine Early
Warning Systems Network (FEWS NET) funded by USAIhe survey data described
above covered the short and long dry seasons d® 20@ hence rainfall data from the
preceding rainy seasons was used. Actual rainfall subtracted from average rainfall in
these seasons over the period 2005-2009 for ancdr&@ kilometres around each village
using ArcMap 10, such that a positive value of #agiable indicated rainfall shortage in
millimetres.

To control for the availability of gum Arabic ineas surrounding included settlements, a
variable called Acacia area was constructed. Noeatirinformation was available on the
gum producing potential of natural areas. Howesasran extension of the UNESCO funded
Integrated Project for Arid Lands (IPAL), the Gemmdevelopment organisation (GTZ)
conducted a study on traditional grazing systemd®amthern Kenya to improve natural
resource management (Oba 1992). Produced outpludew GIS data on land cover in
northern Kenya. Although the data were quite dhis tid not affect its usefulness for our
purposes. Vegetation types found in a region ateraened by landscape and climate
characteristics, factors which do not change withirme span of decades (White 1983). The
construction of the variable is discussed in tiseiits section.

2 Deutsche Gesellschaft fir Technische Zusammenarbeit
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RESULTS

Data description

Descriptive statistics of variables relevant fongArabic collection are presented in Table 1.
Households in the sample made on average 2082 Ke®kdling (KSH) from marketing
gum. In 2006, the rural poverty level was 1562 K&tl the rural food poverty level 988
KSH per adult equivalent (GOK 2007), which are ljke have increased since because of
inflation. As average adult equivalent family simethe sample was 3.3, during the study
period gum Arabic revenues alone were insuffictentaise household income above even
the rural food poverty level. Marketed quantitiesrevlow at 44.3 kilograms yearly. Based on
the expected daily quantities in the sample, ituthdvave taken an individual collector on
average around 14 days to collect the observedtitjean It appears that the poverty
alleviation potential of gum was severely undeisgd. In most households several people
were involved in collection, with an almost equalage of female and male collectors.
Average distance to preferred plots was two andlahours. These distances are impressive
given the extreme climate, with temperatures reagA0°C in the dry season. Because most
collectors preferred not to spend the night in fiedd (field observation), these travel
distances severely restricted the amount of timelase for collection. Tapping was not
common. Only 14% of households indicated to useitap and of those only few used
specialised tapping tools. Several households @&eitdamaging the tree by hitting it with a

Variable Mean SD
Income 2082 3558.4
Price (KSH) 38.8 7.6
Yearly quantity (kg) 44.3 19.8
Exp. daily quantity (kg) 3.2 2.4
Adult equivalent HH size 3.3 1.2
Women collecting 1.2 1.1
Men collecting 1.1 1.1
Distance in minutes 151 112.5
% tap 14% -

% migrating 56% -
Duration of migration* 4.3 2.2

% mentioning insecurity 21%

Table 1: Household-specific descriptive statistics

Note: n=201, * of migrating households. Data sour8eaciagum Project

stick, others used their knife. The low occurrentéapping might be explained by the lack
of property rights for trees. All interviewed hohsdéds indicated that the plots where they
collected gum were communally owned. Because thereseveral days between making the
cut and collecting the gum, the risk of other atibes taking the gum is substantial,
especially due to the presence of migrating herdefsthe interviewed households, 56%
practised some form of migration, and one househulgtated year-round. Most livestock
migration takes place in the dry season, in sedorh available pasture and water.
Traditionally, men and boys are responsible fotleaand camels, while women and girls
take care of smallstock. Migration could therefoeduce both male and female household
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labour available for gum Arabic collection. Insatuishows the percentage of households
that indicated insecurity was their primary concesmen collecting gum. In Turkana, where
cattle raiding was part of the culture (Pike 20@4d in Mandera, a region bordered by
southern Somalia and Ethiopia, where Al-Shabaabikadist organization with international
ambitions - has staged killings and kidnappingsssithe 1990s (Marchal 2009), households
more frequently mentioned security concerns.

A summary of average household asset ownershiwvéngn Table 2. Average asset
holdings were small: the only asset every househead found to own is a house. As
polygamy is practiced by all tribes except the Réendand it is customary to provide every
wife with their own house, households owned mudtipbuses. Pratt and Gwynne (1977)
estimated that 4.5 TLU per adult household memiositdcprovide a household with just
sufficient food for survival. Based on that measaneerage livestock holdings in the sample
were below subsistence level. Given average holgedine, the majority of households
would need three times as much livestock to reach qubsistence level. The constructed
wealth index averaged zero and ranged from -0.3863.£69. Wealth was unevenly
distributed. Almost 80% of the observations scdreldw zero on the wealth index.

Variable Mean SD Min Max
Houses 1.08 0.36 0 4
Radio 0.15 0.37 0 2
Telephone 0.09 - 0 1
Transport means 0.07 - 0 1
Years of education 0.59 2.02 0 12
TLU 4.73 7.65 0 62
Wealth index 0.00 0.80 -0.54 3.27

Table 2: Household asset owner ship

Note: n=201. Data source: Acaciagum project

Income source Primary Secondary
Commerce 5 6
Agriculture 0 0
Pastoralism 154 32
Wage 1 4
Wood products 2 74
Arabic gum 33 68
Remittances 0 0
Relief 9 19
Non-wood products 0 1

Table 3: Reported sources of income

Note: n=201. Data source: Acaciagum Project
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Data were also collected on the main sources osdtmld income, although time and
resources did not allow for quantification. The maource of income in the study region is
pastoralism (Table 3). For over 75% of interviewsnliseholds, pastoralism had the largest
contribution to their income. Arabic gum and woodoqucts had the second-largest
contribution. This importance of gum Arabic forentiewed households appears to suffer
from social desirability bias (Grimm 2010), as theerage quantity of gum Arabic marketed
by households reporting it to be their primary seuiof income was 47,5 kilograms,
insufficient for subsistence and not significardifferent from the average of households not
reporting it as their primary source of income. fHanhy, it might be that obtaining an income
from wood products such as charcoal was considerbd socially undesirable, which would
result in underreporting. The predominance of pasigm as a source of income is confirmed
by other authors on the region, and was therefapeaed to be relatively reliable. The
importance of livestock keeping fits well with omnodel. Relief, mostly in the form of food
aid but also through other means such as cash dok schemes, is common in northern
Kenya and has taken structural forms. In 1999, kadf people in Turkana county are
estimated to have received food aid, a situatioichvis expected to continue (Lind 2005).
Given this institutionalisation of relief, it is garising that only few interviewed households
indicate a sizeable dependency on aid. Anotherrisimg finding is that none of the
households mentioned agriculture as an importantcsoof income, especially given the
context of ongoing sedentarisation in the regidmnis Tinding might be explained by the fact
that home consumption was not specifically accalifibe, thereby excluding home gardens
from being classified as agriculture. Moreover, coencial agriculture may simply not be
feasible in areas where Arabic gum-yielding treeetges are found, which typically have
poor soils with low moisture content (Chivetial.2008).

The IPAL project data from northern Kenya collectedGTZ classified the various
vegetation types into eight physical classes: balaed, bush land, dwarf shrub grassland,
forest, grassland, shrub land, wood land, and wates distribution of these physical classes

Vegetation Physical
Class Most commonly encountered species Class
8.3 Lintonia - A. Senegal Grassland
14.15 A. Senegal - Commiphora - Boswellia Bush land
14.2 A. Senegal - A. Mellifera - Commiphora Bush land
14.8 Commiphora - A. Senegal - Grewia Bush land
16.5 Tetrapogon - Aristida - A. Tortilis - A. Senegal Grassland
16.6 Aristida - Tetrapogon - A. Tortilis - A. Senegah- Grassland
Reficiencs
20.17 A. Reficiens - A. Senegal Shrub land
20.8 A. Senegal Shrub land
21.1 Sporobolus - misc. Acacia species Grassland
22.13 Aristida - Indigofera - A. Senegal Grassland
22.15 Aristida Indigofera - A. Tortilis - A. Senegal - Reficiens Grassland
22.17 Aristida - Indigofera - A. Tortilis - A. Senega/-. Grassland
Reficiens

Table 4: Vegetation types containing Acacia Senegal
Data source: GTZ
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Variable Coeft.
Vegetation 8.3 107.953**
(2.55)
Vegetation 14.15 -59.779
(-0.82)
Vegetation 14.2 -10.200
(-1.24)
Vegetation 14.8 38.626***
(2.73)
Vegetation 16.5 67.422**
(2.27)
Vegetation 16.6 -8.554
(-1.41)
Vegetation 20.17 -16.026
(-1.57)
Vegetation 20.8 24.004
(0.72)
Vegetation 21.1 13.505*
(1.77)
Vegetation 22.13 57.756**
(2.11)
Vegetation 22.15 10.860
(1.15)
Vegetation 22.17 12.587*
(1.96)
Tapping 0.618
(1.15)
Insecurity -0.836
(-1.57)
Constant 2.800***
(6.59)
Observations 201
Adjusted R-squared 0.103

Table 5: Expected daily quantity of gum Arabic

Note: Dependent variable is expected quantity @srid kilograms.
T-statistics in parentheses: * Significant at 10%%significant at 5%; *** significant at 1%

over the study area is shown on the map ‘Kenya ysiPal classes’ in appendix 2. For

each area of a particular physical class, the roostmonly found species were identified,
creating a total of 77 distinct vegetation classes$welve of these vegetation classésacia

Senegalwas among the most common species (Table 4). Newhethe data was mention
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made ofAcacia Seyal To measure the access to gum Arabic producirgstrdhese areas
needed to be converted into quantities. Thereftre,share of the area covered by each
vegetation type within a 15 kilometre radius aroumzduded villages was constructed using
ArcMap 10. Fifteen kilometres was considered th&imam distance that could be covered
within one day for collectors returning to the ksttent before nightfall The distribution of
Acacia Senegatontaining vegetation types within the 15 kiloneetadii is shown on the map
‘Kenya — Vegetation containing Acacia Senegal’ ppendix 2.

The density of gum vyielding trees within the setelcvegetation types is not known, and
hence a uniform and identical distribution of tréeseach of these twelve types had to be
assumed. In other words, all areas containing atiget type 8.3 were assumed to have the
same number of gum-producing trees per hectare d¢8umption is somewhat restrictive,
but impossible to avoid given data limitations.idtstill possible to establish a degree of
differentiation in densities between different viegien types. To this end, a regression was
run using all twelve selected vegetation types gslamatory variables. The dependent
variable was the average daily quantity an indigldexpected to collect and came from the
socio-economic survey. This quantity was expectetie determined both by regional gum
availability as well as factors influencing theurt per hour of labour in gum collection, such
as tapping and insecurity. Regression results asepted in Table 5. Vegetation types 8.3,
14.8, 16.5, 21.1, 22.13 and 22.17 had a signifieffiett on expected daily quantity. The sign
on all of these significant vegetation variableswasitive, indicating presence of either of
these vegetation types increases the daily quamtityindividual expected to collect.
Vegetation types 14.15, 14.2, 16.6, 20.17, 20.8 2B8d5 had no significant effect on
expected quantity. This result might be explaingdtibe low density with which gum
producing trees were found in these areas. Althdaghing and insecurity had the expected
sign, they were insignificant. A variable callechai@ area was constructed by taking the un-
weighted sum of the significant vegetation variabia effect assuming the density of gum-
producing trees was the same in each of theseategetypes. This constructed variable was
included in the regressions described in the sedielow and shown in Table 6, together
with the constructed rainfall shortage variable.

Acacia Rainfall Acacia Rainfall
Village name area shortage Village name area shortage
Kakilali 0.08 102.7 Kargi 0.00 63.7
Kariabur 0.22 114.5 Ngurunit 0.00 70.8
Loritit 0.02 32.8 Laisamis 0.00 41.6
Namoroputh 0.37 9.0 Sereolipi 0.00 81.2
Lorengippi 0.42 -6.4 WestGate 0.20 75.4
Lokiriama 0.08 9.3 Ngarendare 0.32 118.6
Kasuroi 0.50 18.0 ElDanaba 0.06 48.5
Nakukulas 0.25 4.4 Gither 0.05 56.8
Kakongu 0.58 -5.8 Takaba 0.10 47.8
Kurkum 0.00 72.3 ShimbirFatuma  0.00 121.3

Table 6: Acacia area and rainfall shortage variables

3 In the sample, 73% of households stayed within three hours walking distance from the village.
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Regression results

Results of regressions on marketed quantity arenshio Table 7. In the first regression only
explanatory variables from survey data collectedpag of the Acaciagum Project were
included, as these were expected to suffer less fn@asurement error, and thereby provide a
means of comparison for results of subsequent segmes. In the second regression tribe
dummies were included to check for the existenaegibnal and cultural differences on gum
Arabic collection. In the third regression variablenstructed from GIS data - Acacia area
and Rainfall shortage - were included. All regressiwere estimated using OLS and checked
for heteroskedasticity using the Breusch-Pagan/&elsberg test. Based on this test none
of the regressions appeared to suffer from hetedzsiticity problems and hence results of
these tests are not included in results tableslisoussed.

The effects of price, household-specific charastes, and insecurity on marketed quantities
are shown in the first regression. The coefficientprice is not significant. The included
price variable was the actual price received by ¢b#ectors at the time of sale. This
insignificance is unsurprising given the cross-eeetl nature of the data. Household size in
adult equivalent units is a scaling variable. Largeuseholds have higher consumption and
more labour available, and therefore their PPF didoa higher for both gum collection and
livestock keeping. Because marketed quantities weeasured on a household level, the
coefficient on household size was expected to Isitipe. This hypothesised relationship was
not significant. Wealth had a significant positefect on the marketed quantity of gum. The
strength of this relationship declines for incregdievels of wealth, which is evident from the
negative sign on the squared term. At values ofvealth index above one, marketed
guantities started to fall with increasing levels veealth. Around 10 percent of sample
households fell into this category. Households itinee side of this wealth threshold were
compared using independent sample t-tests. Thegtwops differed significantly only in
their sources of income. Households with a wealtiex score above one were more likely to
derive their income from commerce or wage labouealth index and its square are jointly
significant in all regressions (p-value = 0.0049100, and 0.0299). This relationship was
not affected by the inclusion of additional expkamg variables (regression 2 and 3) and the
size of the coefficients was comparable. The sizéhe coefficients cannot be interpreted
directly, because of the way the wealth index wasstructed. One additional female
collector increased the marketed quantity collected around 16%. However, this
relationship is not very robust and disappears wherregional dummies are included. The
number of male collectors, the distance to the wlére gum was most frequently collected,
and whether tapping was used did not have a sigmifieffect on marketed quantities either.
Migration with livestock had no significant effeat the first regression. Insecurity was
highly significant and had a large negative effatigum collected for marketing. The size of
the coefficient should be interpreted with someticaw It appears insecurity caused a fall in
marketed quantity of over 60%. However, insecuwgs a very regional problem, primarily
affecting Turkana and the border region with Somaliherefore, if these regions differed in
more aspects than just the level of security, tedficient might have been biased.

In the second regression differences between regware explicitly taken into
account by including the tribe dummies Turkana, Bam and Somali, with Rendille as the
base group. These dummies measure both cultuvelbas other regional differences, as the
tribes lived in clearly defined geographical regoffrigure 1). The dummies were jointly
significant (p-value = 0.0032), justifying their clnsion. By their inclusion, migration
became significant, and insecurity was no longgmicant. The latter effect was most likely
due to the localised nature of insecurity. It wagyanentioned as a concern by Turkana and
Somali. The significance of migration once triberamies were included can be
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Variables Unit Regressions
1) 2) 3)
Price KSH per kg -0.007 -0.011 -0.011
(-0.78) (-1.21) (-1.31)
Household size Adult equivalents 0.006 0.007 -0.002
(0.08) (0.112) (-0.03)
Wealth Index 0.816***  0.694***  (0.555**
(3.15) (2.68) (2.23)
Wealth squared Index -0.404***  -0.351***-0.306***
(-3.29) (-2.89) (-2.64)
Female collectors  Number 0.162* 0.085 0.049
(1.96) (2.01) (0.61)
Male collectors Number -0.109 -0.059 -0.092
(-1.33) (-0.72) (-1.17)
Distance Minutes 0.000 0.000 0.001
(0.56) (0.58) (1.12)
Tapping Dummy -0.322 -0.238 -0.102
(-1.31) (-0.99) (-0.43)
Migrating Dummy -0.202 -0.391**  -0.441**
(-1.12) (-2.12) (-2.50)
Acacia area Ratio 2.305***
(2.71)
Rainfall shortage Millimetres 0.014***
(4.36)
Insecurity Dummy -0.673*** -0.298 -0.398*
(-3.06) (-1.26) (-1.72)
Turkana Dummy -0.912*** -0.820***
(-3.68) (-3.04)
Samburu Dummy -0.229  -0.580***
(-1.05) (-2.61)
Somali Dummy -0.408 -0.524
(-0.95) (-1.29)
Constant 3.914*** 4 525%** 3 748***
(7.43) (8.39) (6.94)
Observations 201 201 201
Adjusted R-
squared 0.082 0.134 0.218

Table 7: Determinants of marketed quantities

Note: Dependent variable is the natural logarithfmmarketed quantity per household.
T-statistics in parentheses: * Significant at 10%%significant at 5%; *** significant at 1%
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explained by the stark difference in migrationtgats between tribes, resulting in
different labour requirements. These migration ggat depend not only on cultural
differences but also on the vicinity of dry seagastures and water points. Migration had a
negative effect on collected quantity, as migratiane labour intensive, leaving less time to
collect gum. Although some gum was collected dummgrations, most of this is directly
eaten (field observation).

The third regression included the GIS variables chcaarea and rainfall shortage.
Acacia area was a sum of all vegetation types tiaat a significant effect on the daily
guantity an individual expected to collect. The fioent on Acacia area was positive and
highly significant. In areas wher&cacia Senegahnd Seyal were bountiful, households
collected more gum. When larger areas containing-gielding trees are found around the
village, more gum can be collected per unit of tinmereasing the return to labour in gum
collection. Rainfall shortage had a positive arghgicant coefficient, which indicated that
when rainfall is below average, quantity marketesdt mdividual collector increased. It
appears that rainfall shortages reduced the rétulimestock keeping by more than the return
to gum collection, increasing the relative attnagtiess of the latter. The importance of this
effect is large: in regions where rainfall fell shby the sample average of 54 mm, marketed
guantities were 75% higher. This finding providesdence for the hypothesis that gum
collection is primarily a complementary source rméame, which is especially relevant when
other sources of income fall short. Sign, size aighificance of the household-specific
variables were comparable to earlier regressionseclurity was significant in the third
regression, albeit only at 10%. This variable, lseaof its localised nature, appears to have
picked up a lot of spatial variation. Once the effeof acacia area and rainfall shortage were
taken into account, this clutter disappeared. Rinahe tribe dummies are jointly highly
significant. The negative and significant sign oarkna and Samburu implies marketed
guantities in these tribes were lower than for otinibes, even after taking into account
differences in prices, household-specific attrisuiasecurity, acacia occurrence and rainfall.
No explanation for this effect could be offeredtba basis of results.
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DISCUSSION

Earlier studies on non-timber forest products (NIFRund them to have a significant
contribution to income (Neumann and Hirsch 2000ac&keton and Shackleton 2004). This
study was the first to quantify actual income gatest by gum Arabic in Kenya, and results
indicate its contribution to household income i&.Idn Ethiopia, gums and resins were found
to contribute around 30% to household income (Wardenuelet al. 2011). However,
findings are not directly comparable because ia $hidy no data were collected on income
generated by sale of resins such as frankincengethnand haggar, which were also
marketed in the region, albeit on a smaller sc@ldkamai and Odera 2002). Observed prices
were comparable to prices found in an earlier stogyGachathi and Eriksen (2011). The
contribution of gum Arabic to income could be iresed by increasing marketed quantities,
which were found to be low. Given the average nunabeollectors per household and the
daily quantity individuals expected to collect, $below observed quantities could imply
either only very few days were spent collectingjchihcould be explained by the resource
being in short supply. However, the resource issmmred to be underutilized by most
authors (Chikamai and Odera 2002, Frayer 2007)akaernative explanation is offered by
Chretin et al (2008), who find that gum collectisrusually combined with other household
activities, such as collecting firewood, herdingeBtock or looking for water, which would
result in actual daily quantities collected to becim lower than reported expected quantities.
On average, households had almost the same nurhiv&l® and female collectors, a finding
which contrasts which earlier studies, which fowamen and girls to be the main collectors
(Wekeseet al.2010, Gachathi and Eriksen 2011). Gum productiwitirees can be improved
by tapping, however, this technique was hardly eygd. When households did tap, they
often used sticks or their own knife rather thaacsglised tools, a finding in line with results
from Wekesa et al (2010). The low observed markgteghtities are most likely a result of
the low return using current collection methods gnhan current market prices, combined
with the effort involved in collection, due to higdmperatures and long travel distances.

The most important source of household income ¢érilewed households was
pastoralism, followed by wood products and gum AraPastoralism was the traditional
source of income in the region, and is still comtgdaund to be the most important, even in
the context of ongoing sedentarisation (Heald 199@&tkin 2008, Littleet al. 2008).
Interviewed gum collectors also indicated to bentyadependent on pastoralism, although
observed livestock holdings were generally far Welsubsistence levels, indicating the
reliance of households on multiple income sourdesome was complemented by forest
products, both wood products and gum Arabic. Theoirtance of wood products for income
generation is cause for concern, as it is an indicaf deforestation, which is especially a
threat in environments with population pressure anithout property rights (Geist and
Lambin 2002, Sunderliet al. 2005). Respondents indicated all plots where guabik was
collected were had unrestricted access. Althougk ficcess is important for non-timber
forest products to provide a green social insuraf@enninghamet al. 2008), it also
encourages overuse (Hardin 1968). Deforestatioeatbns the productivity of livestock,
because during the dry season trees are the mpsttant source of fodder (Barrow 1990).
Moreover, decreasing tree cover reduces the avitjabf gum Arabic, which has the
potential to contribute substantially and sustadyab household income (Gachathi and
Eriksen 2011).

Rainfall was found to have a significant and lagfect on marketed quantities of
gum Arabic. The effect of rainfall on marketed qiitees was negative — when rainfall was
below its long-run average, households offered ngoma for sale. The model suggested in
this study offers an explanation for this obseatiThe marketed quantity depends on the
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return in gum collection relative to the returroither activities. Rainfall shortages lower gum
productivity of trees (Dione 1989, Ballat al. 2005), but if rainfall has a stronger effect on
the return to alternative activities such as ligekt keeping than on the return to gum
collection, rainfall shortages increase the retatitractiveness of gum collection, and hence
observed marketed quantities. The price of gum israbmonetary terms was not found to
have any discernible effect on marketed quantitddgough the theoretical model was in
terms of relative prices, the monetary price wdagdexpected to have an effect in itself if the
sample contained a large share of opportunists;wBiachathi and Eriksen (2011) described
as emerging. The results of this study do not sagpe importance of this group and hence
it is concluded that most gum Arabic appeared t@dikected by households in need. The
almost universal fall in productivity on livelihoaattivities during rainfall shortages lowers
total household income, which is evident from tpsurge in food aid dispensed to the region
in such periods (Lind 2005). The concurrent inceeismarketed quantities of gum Arabic
found in this study provide support to earlier s&gdon the important safety net function of
NTFPs (Byron and Arnold 1999, McSweeney 2004).

Wealth and whether or not a household migrated ni#stock were found to be the
most important household-specific determinants afkated quantity. Household size, plot
distance, tapping or the number of collectors i llousehold did not have any discernible
effects. No monetary values for wealth of intervéeMhouseholds were available. However,
from the low observed asset ownership most appehate been quite poor. This finding is
in line with previous work, where it was also foumbstly poor households are involved in
collection (see Timko et al (2010) for an overvieRgsults from this study indicated the size
of the contribution varied with wealth: marketedaqtities increased with wealth until a
threshold, after which they started to decrease.ifitrease is in line with findings in a recent
study on non-timber forest products in Nepal (Gamd Hauser 2011) and earlier work in
Cameroon (Ambrose-Oji 2003). This result might Belained by the thin market for gum
Arabic in Kenya, where trader visits are infrequantl uncertain (Chretiat al. 2008). Poor
households have less capacity to cope with suchkehamncertainty than wealthier
households, limiting the extent of their markettiggvation, indicating that increased market
access would enhance poverty alleviation capaé@gicher and Schreckenberg 2007). The
observed decrease in marketed quantities for holdelibove a certain threshold might be
explained by the low return to gum collection, whimakes patrticipation only relevant for
households in need. This is supported by our figpdimat households above the wealth
threshold were more likely to be involved in wagbdur or commerce: activities which are
less susceptible to the negative effect of droughtgration was also found to have a
significant effect on marketed quantities. Migratimouseholds marketed less gum. Because
most migration takes place in the dry season (Sdbkwea al. 1991) it competes directly with
gum collection for labour, reducing marketed quizegi

Insecurity had a significant and large negativee@ffon marketed quantities. The
consequences of the insecurity situation prevailinigrge parts of northern Kenya have been
studied before, but this study is the first to shibsvimpact on gum Arabic marketing.
Insecurity was highly localised and mainly encouedlein Turkana and along the Somali
border. Pike (2004) found cattle raiding in Turkanahave a strong influence on herding
strategies, limiting available pastures, especidily season pastures, and thereby increasing
vulnerability to drought. Whereas traditionally sleeraids were mainly aimed at stealing
cattle and their scale was small, in recent decddes size and impact on the human
population increased dramatically. Attempts at qiising land tenure and offering large
tracts of land to private investors including mogpicompanies decreased resource availability
and increased conflict (Mkutu 2007). Insecurityaiso a threat among the Somali border
where al-Shabaab staged killings and kidnappingar¢hbl 2009), and it is yet unclear
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whether the recent attack of Kenya on their pas#tim Somalia will improve this situation.
By limiting pasture availability, insecurity limitthe ability of local pastoralists to cope with
weather risk and result in livestock losses. Losgdsrestock due to raids or droughts were
shown to increase dependence on gum Arabic (Woldeaatet al.2011). This study shows
that gum Arabic marketing is also threatened bgcnsity, further reducing the food security
of households in the region. In fact, findings @bly underestimate the true impact of
insecurity on marketed quantities, because the nmsstcure regions were avoided during
data collection.

Limitations

The conducted study had several limitations whichy naffect the quality and external
validity of the conclusions. First, data were obéal through non-random sampling and only
households that had collected gum Arabic during shely period were included in the
survey. Second, no information was collected omltaicome and income composition
throughout the year, or on livestock prices. Th&wine constructed variables were suspected
to suffer from measurement error. The cause andeguence of these limitations will be
discussed below.

The chosen sampling method severely limited thtereal validity of the results. No
prior information existed on the amount of peopigolved in gum Arabic collection and
because entire settlements frequently move, theas mo accurate map of the region
containing the village locations. It is highly likethat part of the villages where data were
collected is no longer in the same location. Treeefa random sampling design was not
feasible without first conducting a large scale lexgtory research. Instead, villages were
sampled that were spread evenly throughout areasendum Arabic was marketed. A more
limiting decision was to exclude non-collectorsnirdhe survey. Were collectors a well-
defined subgroup of the population, this would have been restrictive. However, given
how little is known about the socio-economic ch#astics and position of households
involved in gum Arabic collection, this exclusioaverely limited the external validity of the
results. Because of the chosen sampling method]tsesf this study only apply to gum
Arabic collectors in the region, and are not agglle to the population as a whole.

The lack of information on sources of income ottlean gum Arabic limited the
extent to which the proposed model could be tedBden the subsistence level at which
most interviewed households lived, determining toatribution of an activity to income
would require data on own consumption to be cad@ctSources of income differ
substantially between seasons, making recall grosshccurate and time-consuming.
Because the majority of the population is illiteratasking people to keep track of
consumption and income was not an option. Fingliyen the large geographic spread of
included villages and the limited time-frame, nmplki visits were also excluded as a
possibility. Missing this income information makismpossible to determine whether the
observed effect of rainfall shortage on marketedngjties resulted from a change in relative
productivity or through a change in relative prictsterms of the model, it could not be
determined which part of the differential was atitable to a shift of the PPF and which part
to the rotation of the relative price line. Therefothe full model could not be tested directly,
but rather should be interpreted as offering alyikexplanation for the observed positive
effect of rainfall shortages on marketed quantities

The variables wealth and acacia area were suspéctesuffer from a degree of
measurement error that could bias results. No otemation on the monetary value of
wealth of included households was available. Mgsuealth information is characteristic for
datasets from developing countries, and a triedtastd method to overcome this problem
was employed in this study. However, intervieweddeholds had so little possessions, that
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the resulting wealth index was expected to measesdth with a degree of error. Acacia area
was a variable constructed to control for the qtyandf gum available per collector.
However, only data on which areas contaifethcia Senegahnd Seyalwere available,
without any information on density, or on the numbgcollectors per region. Although this
was partially controlled for by regressing the eliéint areas on the daily quantity an
individual expected to collect, the variable wasdhaa perfect measure. Measurement error
affects not only the coefficient of the variable asered with error, but other included
variables as well. Whether the measurement errprablematic depends on whether it is
random or systematic. Random measurement erratésflstandard errors, but does not cause
bias. Systematic measurement error, i.e. wherrtigevialue of a variable on average deviates
from the observed value, does cause bias. Althduogh variables were suspected to suffer
from random measurement error, there was no cleactobn for systematic error, and
therefore the main consequence was expected tonfteged standard errors. However,
systematic error might have been present and caesdy the variable coefficients should be
interpreted with caution.

Most of the limitations of this study can be pnetesl in future research by
considering a smaller study area or a dramatidatlyer research budget. In the initial phase
an inventory of both gum resources and the humamulption should be done. Once the
populations are known, transects and householdsbearandomly selected. Using more
resources or focusing on a smaller area would alfowwmore complete and accurate
measurement of variables of interests and incressenal validity of results.
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CONCLUSION

This study described socio-economic characterigifcsouseholds involved in gum Arabic
collection in Kenya, related these to marketed ttias and offered an explanation for low
observed quantities. Although gum Arabic is gerngrabnsidered to offer great poverty
alleviation potential, current contributions to amese were found to be small. The economic
model proposed in this study established a relalignbetween the return to gum Arabic
collection and the return to alternative sourcesnocbme. Rainfall shortages decrease the
absolute return to gum Arabic collection, but haveeven stronger negative effect on the
return to alternative sources of income such asstock rearing, causing an increase in the
relative return to gum collection. Increasing relatreturns can be caused by relative
productivity and price increases. In this study,digcern was made between the two effects,
and only the impact of the overall effect was shoWne increase in marketed quantities of
gum Arabic when other sources of income fall sllerhonstrate it mainly serves as a safety
net, implying low expected returns to collectiorxpEcted returns are lowered by the high
uncertainty involved in gum marketing. Interviewdmuseholds indicated the lack of
availability of buyers for gum to be the main maikg constraint. Although gum collection
does not require any upfront capital investmetis uncertainty about the time of sale caused
by market thinness requires an upfront investméntloour, a risk which is more easily
borne by wealthier households. Another factor autydimiting marketed quantities of gum
was the insecurity situation prevailing in Turkasrad along the Somali border during the
study period, which was found to have a directlange negative effect.

Implications

Research results indicated the importance of waodyzts and gum Arabic to household
income, the use of gum Arabic as a safety net, tardimpact of insecurity on marketed
guantities. The implications of these findings pdevguidelines for future policy.

Wood products and gum Arabic were found to be thestmimportant secondary
sources of income. In addition to their direct cimition to household incomécaciatrees
provide direct secondary benefits such as mediame fodder for livestock, and indirect
benefits such as maintaining soil fertility and tohling desertification. The sustainable use
value of trees could be even further enhanced bguweaging tapping of gum Arabic. Current
rates of tapping are low, which might be explaitgda lack of knowledge and unclearly
defined property rights, limiting incentives to @st in tree management. Increasing the use
value of trees and strengthening property rightauld/areduce deforestation incentives.
However, in the study area mobility is an importarchanism to cope with weather risk.
Private land ownership, which has been encouragdd jpre- and post-independence was
found to limit mobility and increase violent comrfli Therefore instead of property rights,
user rights to trees either on an individual or oamity level might be a more viable
alternative. A further enhancement of sustainalde ualue of trees could come from
incorporating tree resources in the Reducing Ewnssifrom Deforestation and Forest
Degradation (REDD) programme from the United Nagtion

In this study gum Arabic was found to be primarityportant as a safety net, rather
than as a preferred source of income, which indgatturns to gum Arabic collection were
low. Increasing these returns would encourage taggantities of gum to be collected and
marketed and hence increase its contribution tonmec Prices are determined on the world
market and therefore hard to influence directlyrtik@rmore, prices in monetary terms were
not found to have an influence on marketed quastitivhich might be explained by the
importance of the relative rather than the absaletigrn. The increase of marketed quantities
for lower levels of wealth suggests there is riskolved in marketing which is more easily
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borne by wealthier households. This uncertaintyaissed by the thinness of the market, i.e.
infrequent trader visits. Because uncertainty redu@xpected returns, reducing this
uncertainty should have a positive influence onkatd quantities. Improving physical and
telecommunications infrastructure might encourageenfrequent trader visits by reducing
the cost of transport and information. Furthermazemmunity storage facilities could
encourage more frequent trader visits by providimgre certainty on available quantities.
Proper storage facilities could also reduce losguof quality during storage.

Insecurity was found to have a significant and dargggative impact on marketed
guantities of gum Arabic. Previous work has sholat teducing insecurity in the study area
would improve mobility and hence the ability of ters to cope with weather variation. This
study finds that it will also increase the poveatheviation benefits of gum Arabic. Insecurity
causes livestock losses both directly and by reduenobility. Loss of livestock is an
important motivation for households to rely on thafety net provided by gum Arabic
collection. Prevailing insecurity therefore hasaalle effect on households, with potentially
severe impacts on livelihoods and food security.

The established importance of gum Arabic to houkkshon northern Kenya,
especially as a safety net justifies policy inteti@ns aimed at increasing its benefits to
collectors. Policies aimed at increasing the retarrcollection and improving the current
insecurity situation might be a good starting polwwever, further research in these areas is
needed to more accurately define the costs anditseeakspecific policy interventions.

Futureresearch

Little is known about the socio-economics of gumalic collection, giving tremendous
scope for further research. The two most promigmtensions concern research on the
determinants of the participation decision in gumalfic collection and increased
comprehension of the time-dynamics of collection.

Most research on the socio-economics of gum Arebilection, including this study,
focused only on individuals or households involwedollection. The emphasis on collectors
and the contribution of gum to their income is niefve because it is not only the benefit per
collector, but also the number of people that hierfem collection that determines the
poverty alleviation potential of gum Arabic. Althglu observational data suggest households
involved in collection are generally poor, no cogtplincome data have ever been collected,
and hence little is known about the socio-econopusition of collectors, limiting the
external validity of results. The number of coltast per region and the relationship between
environmental characteristics and gum Arabic ctibecis also unknown. There are more
regions with frequent occurrence Atacia Senegahnd Seyalthan regions where gum is
actively traded. Increased comprehension of therdehants of the participation decision in
gum Arabic collection would provide a more completelerstanding of the impact of policy
measures.

Little is known about the impact of time-variantfars on marketed quantities. In this
study, the model was tested using cross-secticatal d herefore, only the effect of rainfall
shortages between villages was measured, ratherthieaeffect of different levels of rainfall
on the same village. Because droughts usually tafégge regions, but vary substantially
from year to year, the variance in the rainfalliable would also be higher in time-series
data. Prices are also more variable over time tgtween regions. Prices are set on the
international market and are subject to severeiajdly over time. Between regions
however, price variations are small, compromisiffgative measurement of their impact.
Finally, time-series data would allow controllingrf household and village-specific
characteristics which are hard or costly to meaglirectly, such as skill of household
members or productivity of local pastures. The éased variance in variables of interest
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combined with improved control of household andlagé-specific variables affecting
productivity, would allow more rigorous testingtbe model proposed in this study.

Arabic gum is relatively under researched, yet igseay important input to many
modern industries and has large poverty alleviapotential. The mentioned avenues for
further research are merely a starting point. Girggnd changes in areas where the resource
is collected such as overpopulation and increagel@rgarisation, new important areas for
research will undoubtedly emerge in the near futire model proposed in this study could
serve as starting point to guide such future enoigey
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APPENDIX 1: LIST OF VILLAGES INCLUDED IN SURVEY

Number Village name

1 Kakilai
Kariabur
Loritit
Namoroputh
Lorengippi
Lokiriama
Kasuroi
Nakukulas
Kakongu

10 Kurkum

11 Kargi

12 Ngurunit

13 Laisamis

14 Sereolipi

15 WestGate
16 Ngarendare
17 ElDanaba
18 Gither

19 Takaba

20 ShimbirFatuma

O©oO~NOOUOLDSWN

Note: Village numbers correspond to numbers inuFe@.



APPENDIX 2: GIS VARIABLE CONSTRUCTION - MAPS
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Kenya - Vegetation containing Acacia Senegal
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