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In 2006, a collaborative pilot project was initiated in Mongolia to test the applicability of developing herder alliances
based on the model of North American rural farm and ranch cooperatives. These alliances would be a conduit for the flow
of livestock early warning information from the Gobi Forage project, and provide critical services to alliance members. A

generic framework for organizing and implementing herder alliances was developed. The Bayanhongor herder alliance
was initiated where by electing a board of directors, establishing a constitution, and obtaining status as a legal entity
in Mongolia. From this pilor project we learned that: 1) a critical mass of producers is needed to effectively initiate
an alliance, 2) an existing infrastructure of technical expertsiextension agents is required to raise initial awareness of
the alliance and facilitate the recruitment of livestock producers, 3) the initiation of an alliance requires a sponsoring
organization to provide startup resources and capital because funds from initial membership shares are not adequate, 4)
help is needed from government or NGO organizations to facilirate and connect the alliance to terminal markets and 5)

effort is needed to dispel the notion that the herder alliance in only a marketing middleman.

Background

The Mongolian agricultural sector has undergone
considerable change during “transition” from the
socialist command economy to a market economy.
Between 1990 and the present, herders and farmers
have had to adapt to top-down driven markets and the
loss of inputs and services provided by the state. The
incomplete integration of herders and farmers into a
privatised, market-driven economy continues to impact
the crop and livestock sub-sectors. Drought and severe
winter weather cause losses in overall livestock and crop
productivity, significantly increase livestock mortalities,
and degrade soils that form the agricultural resource
base. Livestock production remains primarily an
extensively managed, forage based, pastoral production
system that is dependent almost solely on forage
produced by natural pastureland. Crop production,
which is mostly rain-fed, is also subject to and limited
by natural factors, especially inadequate precipitation
at critical times as well as difficulty in obtaining inputs
and services needed for optimal crop production. The
risk, both environmental and financial, to which the
agricultural producer is subjected, is exacerbated by the
lack of suitable response options available to herders and
farmers.

A major component of the Gobi Forage Project (GL-
CRSP) is developing an information transfer system that
allows herders to be forewarned of changing conditions
in their pastureland forage base and declining body
condition of livestock. This system is patterned after the
Livestock Early Warning System (LEWS) developed by

the GL-CRSP in East Africa as part of the Famine Early
Warning System Network (FEWSNET). Information
generated by LEWS on impending drought or declining
forage quality conditions that would affect animal
productivity or winter survival needs to be delivered
to agricultural producers in a timely manner. While
Mongolian herders and farmers do need real time
information about weather related constraints to crop
and livestock production, without the real-time capacity
to respond to information about impending drought
or severe winter weather, having access to information,
in itself, will not enable herders and farmers to avert
diminished livestock productivity and mortalities or
avert crop failure. Response options in both the public
and private sectors must exist for the herder or farmer
to productively use the information to respond to
unfavourable conditions.

Even with prior warning of adverse weather events, as
provided by the Gobi Forage LEWS, livestock herders
and farmers presently do not have access to inputs that
can mitigate environmental and financial risks inherent
in the Mongolian environment. In the livestock sub-
sector, lack of access to inputs, especially livestock
feed that include forage, hay, and manufactured feeds,
is a fundamental constraint to the development and
sustainability of the livestock sub-sector. The lack of
appropriate and timely access to inputs has an impact
on meat quality. With a growing demand for higher
quality and “healthy” meat products, the ability to
meet market demand is limited. One of the primary
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mechanisms for using information and responding to
unfavourable conditions is through efficient purchase and
sale of stock. The lack of connection to markets represents
a major limitation on the ability of herders to respond both
to market demand and unfavourable conditions.

Overcoming constraints to agricultural production involves
more than access to information. It involves planning and
managing agriculture production over at least three time
scales: 1) short term, which is immediate or daily, and
relates to the day-to-day operation of the enterprise; 2)
medium term, which is annual, and relates to the farm
crop or animal crop being produced during the immediate
production cycle, and 3) long term, which involves herd
structure and crop selection to meet future market demand.
In the short term, information about impending drought
or severe weather will provide little or no benefit to the
herders or farmers unless planning to mitigate impacts
of the constraint has already occurred and the herders or
farmers have the capacity to respond to impending adverse
environmental or financial events. Information about
drought and weather is most uscful to the herder and
farmer if medium and long term planning has accounted
for these eventualities, and response options exist.

In North America, rural agriculture cooperatives locally
owned and operated by shareholders from the agricultural
community it serves have been a private sector institution
thatherdersand farmersrely onasasource of inputs, services,
marketing, and information. For agricultural cooperatives
1o be effective, they must be owned and controlled by the
membership, and the benefits must accrue to the members
{Dunn ct al. 2002). The development of a Herder Alliance
cooperative was one of the primary activities of the Gobi
Forage Project. A pilot Herder Alliance program has been
initiated and structured to provide the following: 1) a
conduit to transfer risk mitigation information developed
by the Gobi Forage LEWS and other sources to herder and
farmer members, 2) access to quality production inputs (e.g.,
veterinary medicines, fertilizer, machinery and equipment,
animal feeds, etc.), 3) access to services that will improve
product quality or improve producer capacity to engage in
agricultural production (e.g., wool and cashmere grading,
mechanical shearing, petroleum, spare parts, veterinary
medicines, etc.), and 4) direct linkages to markets for crop
and livestock off-take products produced by the members
of the cooperative (i.e., alleviation of middlemen in the
market chain).

Beginning in 2006, a pilot project, funded jointy by GI.-
CRSP, USAID-Mongolia, Mercy Corps Mongolia, and
the USDA Rural Agribusiness Support Program (USDA-
RASP) was initiated in Bayanhongor aimag (province)
to test applicability of the Herder Alliance concept
under Mongolian conditions and to determine what
modifications of the North American rural cooperative

model were needed. The GL-CRSP team initiated the
Herder Alliance pilot program in 3 soums (districts) within
the Bayanhongor aimag. Mercy Corps Mongolia provided
logistical support and also assigned two staff specialists
from the Gobi Initative program that had experience in
cooperative formation to assist the Gobi Forage team in the
implementation of the pilot program.

Preliminary Findings

We sought to develop a generic structure for implementation
that could be used by any group who wanted to establish
a herder alliance in Mongolia. We began by conducting
an informal survey of livestock households/groups to
determine if interest and support for a herder alliance
existed. This allowed us to define the three pilot areas
that were chosen so that we could improve our chances of
successful implementation. Once we established the pilot
sites in the Bayanhongor aimag, we held organizational
meetings to discuss how the herder alliance would work
and provided examples from successful cooperatives in the
United States. In order for the alliance to be recognized as
a business cooperative and as a legal entity in Mongolia,
a constitution (i.e., by-laws) and registration with the
government as a recognized cooperative was required. The
Gobi Forage team facilitated this process and provided
examples of constitutions for other cooperatives including
some from North America. A constitution was drafted by
the Bayanhongor herder alliance and registration was sent
to the government. The registration was accepted and the
Bayanhongor alliance is now a legal business cooperative
in Mongolia. Currently, shares have been sold in the
alliance to almost 300 herders. The Board of Directors
that consists of 15 members has been elected and includes
a chairman and treasurer. A general manager has also been
hired, and an office has been opened in the Bayanhongor
aimag center.

We developed a general framework for the organization
of the Bayahongor alliance (Figure 1) that could be used
for additional alliances as they are developed in Mongolia.
Under this structure, a sponsoring organization (such as
the GL-CRSP or a NGO like Mercy Corps) initiates the
development of the alliance and provides initial start-up
funds for infrastructurc (office space, telephone, computer,
cte.) and minimal management staff. The sponsoring
organization informs and trains members, directors and
management staff about the function of the herder alliance
and their duties and responsibilities as specified in the
alliance constitution. The sponsoring organization then
facilitates the initial meetings of alliance members and
oversecs the election of a Board of Directors. The Board of
Directors are charged with providing the general direction
and decision making on behalf of all the alliance members
and are responsible for hiring a competent, knowledgeable,
and honest general manager and suom field agents.
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The board of directors and general manager also
need to learn how to manage the alliance, provide
transparent information, and be accountable for
actions taken, especially in the use of financial
resources to all members. The challenge is to
build a sense of trust between the members, the
board of directors and the general manager and
create a general basis of ensuring participation in
decision making and day to day management of
the alliance.
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quantitative but reflect qualitative assessments
that may be of particular relevance to others who
may engage in developing herder cooperatives in
First, in
order to establish a functioning alliance a critical
mass of primary producers must exist that can relate
to, and understand the concepts of the alliance.

Mongolia or in other pastoral regions.

The primary producers need to understand what
are the needs and constraints to their livestock
businesses, and be able to conceprualize how being

a member of an alliance will enable them to access
services and information to improve the efficiency
and economic viability of their own businesses.

Secondly, for an alliance to be established in

a rural area with sparsely populated nomadic

Soum Field Soum Field Soum Field Soum Field
Agent Agent Agent Agent...
| [ [ |
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The role of the gencral manager is to develop the service
departments of the alliance to assist in providing access
to expert services. The soum field officers will be under
the general supervision of the alliance manager and be the
primary liason berween the service departments and the
herder and farmer members. For the Bayanhongor alliance,
we sought to work toward development of services related
to: 1) training information and external affairs, 2) trade
and marketing, 3) membership, 4) raw material selection,
5) credit, savings, and other financial services, 6) livestock
and crop production services, and 7) transportation (Figure
1). Access to expert services include: 1) stock farming
(livestock feedlots and factening enterprises), 2) general
agriculture (crop and forage planting, fodder banking,
stocking rate assessment, etc.), and 3) accounting. To date,
the training informartion and external affairs along with
access to accounting services have been developed for the
Bayanhongor herder alliance.

With the inital launch and establishment of the alliance,
time and encrgy must be invested in building the
organizational and institutional capacity of the alliance’s
board of directors, the manager and the field agents.

Activity Scheduted

livestock producers an infrastructure of technical
experts/extension agents must exist that can create
awareness of the benefits of group organization
amongst the livestock producers. The experts
themselves need to have an understanding of the
concepts of the Herder Alliance and an ability to relace the
concepts to the needs of the rural livestock producers. To
achieve this capacity requires an investment of resources
and time to train these technical experts/extension agents.
Fundamental to the process must be technical experts/
extension agents that believe in the alliance being an
organization that can provide solutions to the problems
faced by the rural producers.

A third issue is sponsorship. The initiation of an alliance
requires capital. In rural Mongolia, liquid capital amongst
herders is inadequate for start-up. In order to establish an
alliance as a functioning entity and to initiate activities,
an initial outlay of capital for office space, communicartion
and initial promotional meetings / training is needed. The
costs of a full time general manager for the alliance and the
costs of outrcach (field) agents in the rural communiries
also must be subsidized. The management and outreach
personnel are key to getting the alliance organized, raising
awareness and generating membership interest.  The
subsidy of general manager and outreach agent fees can be
reduced over time once the alliance is fully esrablished and
has sufficient members to generate a working capital fund.



A fourth item is related to the perception of alliances as
replacement for middlemen. In the Mongolian context of
rural livestock production, the middleman is a major player
in the market chain for the sale of livestock raw materials
including; raw cashmere, wool, skins and hides, meat and
processed dairy products such as curds and yogurt. With
the establishment of the alliance in Bayanhongor, it has been
difficult to communicate that the alliance is more than a
replacement of the middleman. Alliances mustbe seen as more
than just a marketing option or as an alternative middleman.
For the Bayanhongor alliance and others in Mongolia to be
successful, the alliance and its board of directors must clearly
explain the role of the alliance and the variety of services
that the alliance can provide to its members. The alliance
needs to have a very clear understanding of what are the true
needs and constraints of rural producers and how becoming a
member of the alliance will access to a variety of services that
uldmately will increase their efficiency and profits.

Lastly, alliances such as the one in Bayanhongor are located
large distances from the major marketswith poorinfrastructure,
bad roads and few options for value added processing in the
rural areas. They may require assistance from government
and or NGO institutions to develop means to connect them
to regional or terminal markets in the major cities. When
accessing these new markets, rural producers will need to
meet new standards such as contractual requirements, quality
control, and timeliness of delivery. Performing appropriately
in the new market environments is essential to build trust and
long term relationships with the major buyers.

Practical Implications

The development of a supporting infrascructure (ice.
cooperative) that gives livestock and crop producers access
to quality production inputs (veterinary medicines, fertlizer,
machinery and equipment, animal feeds, etc.), provides and

organizes services that will improve product quality or improve
producer capacity to engage in commercial agricultural
production are practical implications for developing herder
alliances in Mongolia. Services such as wool and cashmere
grading, mechanical shearing, petroleum, spare parts,
veterinary medicines, credit, improved marketing and market
access, and regional resource planning can be cultivated and
implemented by a herder alliance and therefore improve the
livelihoods of it members.

In a situation such as Mongolia where regional resource
planning is the mandate of local government, there is a
clear role for an alliance to play. At local government levels
there is a lack of capacity, technical knowledge, information
and outreach to the rural livestock producers for regional
resource planning to be organized and effective. An alliance
with a large membership base and rural producers that are
all commercially minded and view livestock production as
more than, “just a way of life” but rather as a “business”, the
issue of resource management is fundamental. An alliance
such as the one in Bayanhongor, with a membership base of
300 members and growing, is well positioned to facilitate
the process of resource management, to arrange meetings
between producers/members and local government to
develop resource planning mechanisms that are appropriate
to the situation, and enable environmental resource planning
for long-term sustainability.
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Understanding nutritional status of grazing animals is a critical step in improving livestock productivity in Mongolia.

Utilization of near infrared reflectance spectroscopy (NIRS) on feces provides adequate assessment of diet quality, yer
initially requires substantial laboratory infrastructure and capacity. The application of portable NIRS in remote settings
such as those found in Mongolia shows promise as both a research and management tool, as it allows for rapid assessment of
diet quality in the field. Until Mongolian specific calibrations are developed, application of fecal NIKS there is dependent
on similarities in fecal chemistry between native and US animals. Fecal chemistry of Mongolian cattle and yak were highly

analogous to US cattle, whereas Mongolian sheep and goats exhibited greater differences in fecal chemistry as compared
to their US counterparts than did the larger ruminants. Due to these similarities, diet quality from Mongolian ruminant
Jecal samples can be determined using current US calibrations until either Mongolian specific or Mongolian enbanced
calibrations are developed. Fecal NIRS can also be used to discriminate between pairs of sympatric species (i.e. cattle and
yak, sheep and goat, horse and khulan). Further development of this discriminant technique will facilitate more efficient
collection of samples (by non-livestock oriented individuals), thus expediting nutritional monitoring in large landscapes.
Timely assessment of diet quality via fecal NIRS will augment the forage quantity measurements provided by the Gobi
Forage project and provide a two-pronged decision support package for pastoralists and agriculture professionals. Portable
NIRS yielded results comparable to static NIRS and can thus be used in field conditions. This ‘take the lab to the sample”
approach with portable NIRS can make near-real time, location specific nutritional monitoring available to the herders
of Mongolid's vast grazinglands.

Background

Nutritional status of grazing animals results from a  quality of grazing animals in Mongolia.

combination of forage quantity and qualicy. NIRS of 1. How well does the portable equipment duplicate

feces is a non-invasive method by which diet quality the performance of bench rop equipment?

can be determined. Fecal NIRS has been employed to 2. Is the fecal chemistry of Mongolian livestock

similar to US livestock?

Can  fecal NIRS calibration equations be

developed on portable equipment to predict diet

quality of Mongolian livestock?

4. Whart are the logistics associated with delivering
portable NIRS to herders in the Mongolian
countryside?

monitor the nutritional status of grazing animals in the

US and subsequently either extended to or developed 3.
independently in other countries. This work was part of
the GL-CRSP Livestock Early Warning System (LEWS)
project in East Africa. Previous fecal NIRS labs have
employed the central lab concept using bench top, static
NIRS equipment, i.e. after the US model. In countries
with poor travel infrastructure and or mail capabilities,

however, the central lab may not always be utilized as
effectively for diet quality to be ascertained in a timely
fashion. For this reason, a new concept is being applied
in Mongolia, namely a “take the lab to the sample”
strategy. The recent development and improvement
of porrable NIRS instruments has provided for the
possibility of highly mobile laboratories. The objective
of fecal NIRS work in Mongolia is to determine the
ability of portable NIRS to monitor diet quality of

grazing livestock in remote conditions.

Several questions exist as to the feasibility of applying
portable NIRS to fecal samples for determining diet

Research projects have been designed to answer these
questions. Preliminary resules of that research are
presented here.

Preliminary Findings

Question 1. How well does the portable equipment duplicate
the performance of bench top equipment? Prior to a full
scale effort to deploy portable NIRS in Mongolia, the
first task was to determine the ability of portable NIRS
to predict animal diet quality from fecal samples. The
NIR spectrometer is housed at the Grazingland Animal
Nutrition (GAN) Lab at Texas A&M University and
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Figure 1. P
Mongolia. Photo by Doug Tolleson

diet quality calibrations developed on this equipment,
serve as the “master” system for the LEWS projects. The
initial step, prior to even purchasing a portable unit, was to
determine the performance of static spectrometer derived
calibrations when the spectral range was abbreviated to
that of the portable unit. Predictive equations for dietary
crude protein (CP) and digestible organic matter (DOM)
using the fecal calibration secs for US cacdle at 800 to 1700
nm resulted in RSQ and SE calibration (SEC) of 0.81;1.01
and 0.70;1.20 for percent CP and DOM respectively.
Once the portable machine was obtained, the first task was
to re-create a calibration originally developed on the static
machine using spectra collected on the portable.

Near infrared absorbance spectra were collected on the
portable spectrometer from a set of 42 sheep fecal samples.
Diet reference chemistry values for CP and DOM from the
previous study were matched with new spectra obtained
on the portable spectrometer. Absorbance spectra from the
portable spectrometer are visibly similar to those from the
bench-top spectrometer. Predictive equation performance
statistics (RSQ;SEC) were: 0.96;0.97, 0.92;0.84 and
0.32;12.3 for CP, DOM and random numbers respectively.
Calibration resules for the original static NIRS for this
set were: 0.95;1.08 and 0.80;1.51 for CP and DOM
respectively. Protein results were very similar between the
two systems while the portable calibration DOM results
were better than the static NIRS calibracion.

Question 2. Is fecal chemistry of Mongolian livestock similar
to US livestock? The next task was to evaluate the similarity
of fecal chemistry between US and Mongolian livestock.
Our hypothesis was that there would be enough similarity
berween the two such that whole scale development of
Mongolian specific calibrations would not be necessary.
In this case, Mongolian diet reference chemistry:fecal
spectrum (D:F) pairs would serve as validations of the
US equation performance and as enhancements to the

ortable NIRS ser up for acquiring I;‘Dé’[[?’{? in the field
with hand held fiber opric probe. High Mountain Research Station,

existing calibrations. Fecal samples from cattle,
yak, sheep, goats, horses, and khulan or wild ass
(Equus hemionus) were collected in the Mongolian
countryside in 2004 and 2005. These were collected
either opportunistically during forage transect work,
or specifically during NIRS training excursions.
One indicator of spectral relatedness is Mahalanobis
distance, basically a muldvariate standard deviation.
When new samples are evaluated against an existing
calibration set spectral population, the Mahalanobis
distance of each sample gives an indication of how
closely related that sample is to the centroid of the
calibration set. The smaller the value, the more
spectral similarity to that population. In fecal NIRS
calibrations, a value of greater than 8.0 is considered an
outlier. US derived calibrations for cattle, sheep, goats
and donkeys were used to determine Mahalanobis
distance values for each corresponding species.
Additionally, yak samples were predicted with the cattle
equation and horse samples with the donkey equation.
Mean + SE Mahalanobis distance values for cattle, yak,
sheep, goat, horse and khulan were 1.75 + 0.21, 1.56 =
0.11, 5.45 + 1.33, 4.60 £ 0.61, 9.30 + 0.78, and 13.6 *
1.34 respectively. Cartle and yak values were well below
the outlier determination. Mahalanobis distance values
for sheep and goat were greater than the larger ruminants
but still within an acceptable range. Fecal chemisty of
the equine species, as indicated by NIR spectra, was very
different berween US and Mongolian animals. These values
were well out of the acceptable range. Diet quality from
Mongolian ruminant fecal samples can be determined using
current US calibrations until either Mongolian specific or
Mongolian enhanced calibrations are developed. Current
US equine calibrations are not yer sufficiently robust for
deployment in Mongolia.

The application of fecal NIRS in extensive landscapes
such as those found in Mongolia will depend not only on
scientific factors but on logistic ones as well. One difficulty
encountered during fecal sampling, specifically by forage
transectcrews, hasbeen positiveidentification of the livestock
species being sampled. This can be especially difficule
within mult-species herds. Sheep and goats for example
produce fecal pellets which have a similar appearance.
Close observation to visually observe the animal defecaring
is doable but time consuming. Opportunistic collection
would be a more efficient use of time for these crews. An
experiment was conducted in Mongolia to determine the
ability of fecal NIRS to discriminate between three pairs
of livestock or wildlife with similar fecal morphology.
These pairs consisted of cattle and yak, sheep and goats,
and lastly, horses and khulan. Fecal samples were collected
with positive visual species identification throughout the
growing season across diverse landscapes in Mongolia in
2004 and 2005. The large ruminant calibration resulted
in an RSQ = 0.88 and SE = 0.16. Prediction of species



identity for 16 samples not included in the calibration set
yielded 100% correct determinations. Similar values for the
small ruminants were 0.66 and 0.28 respectively with 16
out of 20 correct identifications. Corresponding values for
the equines, were 0.98 and 0.06 respectively with 12 out
of 12 independent validation samples correctly identified.
Fecal NIRS can thus be used to discriminate berween these
pairs of sympatric species. Development of this technique
will facilicate more efficient collection of samples (by non-
livestock oriented individuals) for nutritional monitoring
purposes in large landscapes.

Question 3. Can fecal NIRS calibration equations be
developed on portable equipment to predict diet quality of
Mongolian livestock? This current project in Mongolia
represents the first accempt at developing fecal NIRS diet
quality calibrations on portable NIRS equipment. The
first step in this process was to conduct small feeding crials
to create Mongolian D:F pairs. The trial described here was
conducted at the Research Institute for Animal Husbandry
(RIAH) headquarters in Ulaan Baatar. Ten mature sheep
(40.0 + 5.0 kg) obtained locally were fed diets composed
of Mongolian forages in 2x2 m pens with ad libitum water.
Each trial lasted 7 days. Prior to being fed experimental

diets, an adaprtation trial was conducted in which all
animals received the same diet. Afterward, each animal
received a unique diet. Each animal took part in more than
one feeding trial. Diets were offered at approximately 2%
of body weight split into morning and evening feedings.
Diet samples, refusals and fecal samples were collected on
days 6 and 7 of cach trial. Reference data were paired with
spectra and used in calibration model development. A total
of 63 D:F pairs were created. Due to logistic constraints on
applying calibration models with current software for the
portable unit, stepwise regression was used to develop diet
quality predictive equations. At the time of this writing,
DOM was still being conducted on these samples, so only
CP will be reported here. Preliminary equation results for
diet CP in Mongolian sheep were RSQ = 0.81 and SEC
= 1.30. Threshold evaluation criteria for excellent fecal
NIRS equations to determine CP are typically RSQ > 0.90
and SEC no greater than 2X the lab error (- 0.50 in this
instance) for the reference method. The values obtained
in this calibration set are thus satisfactory, but could be
improved. As further feeding trial data are obtained and
more refined calibration techniques are applied, it is
expected that these results will improve.

Question 4. What are the logistics associated with

Table 1. Portable NIRS predicted values for fecal nitrogen (FN) in sheep delivering portable NIRS to herders in the Mongolian

and goats. countryside?  The final step in our inital project
‘ ] 0 1 I to determine the feasibility of applying portable
Sample ID ] Date Spedies | Hesder Aimag 33l NIRS to monitor grazing animal nutrition in
UGEL.0000001 | May 17 2007 Goal A Umno Gobi | 1.85 Mongolia was to identify and overcome the
UGEL0000002 | May 172007 | Goat A | UmnoGobi | 181 practical logistical problems one might encoupiter.
- — 1 . - Bench-top NIRS is performed under controlled
[G}IIOOOOUUS \/Ll\ 17 2007 l Goat | A | Umno Gobi 1.89 COﬂdi[iOnS V\’i[l’l I'CSPCC( to tempcraturc, hght and
UGELOD0004 | May 172007 ‘ Goat B | UmnoGobi | 164 humidity. Thereareof course certain environments
= = . _ = in which this is more difficult than others, even in
UGELO0N0005 | May172007. || ‘Goar i (o Gobi 1.28 a lab setting. In addition to the above mentioned
UGgL.0000006 | May 17 2007 Goat B Umno Gobi | 1.64 factors, consistent sample presentation could be a
=i | | | roble ith the portabl ipment. Th i
UGELOD00007 | May 172007 | Goar | C | UmnoGobi | 14 ot prea o
d —4 employed in this project utilizes a fiber optic probe
ng{O()OOOOH | May 17 2007 \» Goat | C i Umno Gobi 1.03 which can be handheld (Figul'e 1) or mounted in
UGGLOOO009 | May172007 | Goa | € | UmnoGobi | 155 a holding apparatus. Our primary goal was to
; = = : : = re-create, as closely as possible, the bench-top
UGgt.0000010 | May 1 2007 Goat | ¢ |Umno Gobi 199 NIRS laboratory configuration wich portable
UGsh.0000001 | May 17 2007 Sheep A Umno Gobi 153 equipment, thus developing and extending new
= oy il technology.
UGsh.0000002 | May 17 2007 Sheep A Umno Gobi 147 e &y

UGsh.0000003 | May 17 2007 Sheep A Umno Gobi | 18.7 Initially, only the NIRS equipment itself was
UGsh.0000004 | May 17 2007 Sheep B Umno Gobi 181 mf)vefi from -place to place. The drying and
= ; = = ) , grinding equipment was established at three
UGsh.0000005 May 17 2007 Sheep B Umno Gobi 1.73 RIAH locations: 1) headquartcrs ihe Oladn
UGsh.0000006 | May 17 2007 Sheep B Umno Gobi | 153 Baatar, 2) the High Mountain Research Station
T ol , , e : in Ikhtamir, and 3) the Gobi Research Station

UGsh.0000007 | May 17 2007 Sheep C Umno Gobi 1.82 g y . 3 : 3

- L L | = in Bulgan. With this suite of test locations

UGsh.0000008 | May 17 2007 Sheep Q Umno Gohi 1.73 established, a route will be evaluated in which che
UGsh 0000009 | May172007 | Sheep | ¢ | UmnoGobi | 163 pontableINIRS Jab will actie. dccacts Bucility opa

UGsh.0000010 | May 17 2007 Sheep C Umno Gobi

1 certain day each time period (monthly perhaps).




Fecal samples will be collected from herds in the area on day
1, dried over night, then ground, re-dried and scanned on
day 2. Results will then be posted by various means such
as print, radio or internet. The porrable NIRS equipment
has been used in training settings during field trips in 2005
and 2006, however on these occasions, only spectra could
be obrained. No calibration equations had been developed

nor was there software available to apply equations. In 2007

the combination of appropriate software and a completely
Mongolian derived multi-species equation for fecal N allowed
the first “road test” of the portable fecal NIRS lab. Twenty
fecal samples, 10 each from sheep and goats were collected
in Umno Gobi aimag within a 20 km radius of Bulgan.
These were dried, ground, scanned and predicted under the
conditions encountered on the trip. Notably, electricity was
not available in Bulgan at the time with the exception of ~
8pm to midnight. After several attemprts, a portable generator
strong enough to power the oven and grinder was located and
pressed into service. Fecal N predictions for sheep and goars
are presented in Table 1.

Practical implications

Portable NIRS as applied in this project has several advantages
and disadvantages that will affect its practical implementation.
On the positive side, portable NIRS equipment is less costly
than static systems and can be transported to remote locations
for near real-time determinations of grazing animal diet
quality. NIRS is a non-invasive and adaptable quantification
technique, thus can be applied to a great many substances,
not just animal feces. For instance, the technique has been
used to sort mohair, from live animals prior to shearing,
into fiber diameter groups. Disadvantages of the current

configuration primarily involve ensuring adequate electrical
power in remote locations to operate the associated drying
and grinding equipment. Additionally, the portable NIR
spectrometer utilized does not include software capable of
developing predictive calibrations. This results in additional
software and statistical training for NIRS technicians or
creates the need for collaboration with other personnel to
obtain the statistical expertise. The full exploitation of NIRS
in Mongolia will require establishment of a central static
NIRS unit in conjunction with functional wet chemistry
This will
allow for both a stable ongoing calibration development
environment and a highly mobile, in field, extension of these

laboratories in addition to the portable units.

calibrations. Thus equipped, the Mongolian agricultural
scientific community will be able to not only evaluate forages
and feedstuffs in an academic setting, but in the realm of
grazing animal production as well. By providing samples and
feedback on the effectiveness of the portable NIRS technique,
herders will be both contributors to and benefciaries of this
new technology.
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Assessment of vegetation productivity on rangelands using conventional methods such as clipping can be very time

ev?

consuming and expensive, and becomes very impractical to do on a near real time basis. Near real time information is
critical for timely decision making in the face of drought and other disasters, especially in the Gobi Region of Mongolia. In
this study we sought to assess the ability of a forage simulation model (PHYGROW) to accurately predict forage standing
crop at 300 sites, and whether the output from the simulation model could be combined with satellite greenness data to
produce landscape maps of forage production on a near real-time basis. The assessment required 3 main steps: 1) model
calibration, 2) model validation, and 3) map cross-validation. For model calibration and validation, we found that the
PHYGROW model generally did a good job of predicting forage biomass at the monitoring sites with the variability in
model predicted biomass to be less than the error associated with actual clipping for biomass production. An assessment
of the cross-validation for the landscape maps found a good relationship between forage model biomass and the map
interpolated biomass, thus indicating that the forage model outputs can be useful for creating near-real time maps of forage
production. These technologies will provide timely information on forage conditions to increase lead time for making risk

mitigation decisions by herder groups and policy makers in Mongolia.

Background

The ability to characterize the vegetation productivity
over large landscapes can be an important component
in the assessment of drought impacts, natural resource
management options, environmental degradation,
and economic impacts of changing technologies.
For pastoralists, an understanding of the vegetation
productivity in the surrounding landscape can assist
in determining whether to move, buy, or sell animals,
and assess the level of risk for decision making.
However, the time and resources required to conduct
accurate assessments of vegetation productivity over
large landscapes are prohibitive, and in many areas
such as Mongolia, the infrastructure and funding does
Another
complicating factor is that decisions regarding livestock
movement and stocking/de-stocking may require near
real-time information, especially in the face of drought.

Vegetation productivity assessment is almost impossible

not exist to do large-scale characterization.

to conduct over large land arcas on a near real-time
basis, thus the information needed for livestock related
decisions is not always available when it is needed most.
The inability to make decisions at critical times could
lead to vegetation overuse, which in turn, could lead to
environmental degradation.

Improvements in computing power and capacity, along
with near real-time production of climate data and
remote scnsing imagery offer the opportunity to develop

near-real time systems for moniroring vegetation on
rangelands. Improved computing power and capacity
has also increased the use of simulation modeling for
agriculture systems, including rangelands. A limitation
of many rangeland simulation models is that most
provide simulation output for a specific point. Ideally,
one would want to simulate as many points (or sites) as
possible to represent a region or landscape, especially for
the determination of vegetation productivity across the
landscape. However, the amount of effort and cost for
model parameterization on a large number of monitoring
points can be prohibitive. An alternative approach is
to conduct simulations for a select number of points
and then use geostatistical interpolation methods such
as cokriging to create maps of simulation output for a
region or landscape (see Stuth et al. 2003; Stuth et al.
2005). These surface maps can then be used represent
spatially explicit vegetation production allowing users to
monitor conditions and to improve decision making.

As an interpolation method, cokriging can provide
estimates for unsampled points using information
provided by the cross relationship between a primary
variable (in our case, forage model outpur) and a
secondary variable. The secondary variable is usually
sampled more frequently and regularly, thus allowing
estimation of unsampled points using both variables.
Satellite derived vegetation indices (i.c., greenness
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indices), most notably the Normalized Difference
Vegetation Index (NDVI), have been found to be correlated
to vegetation productivity, therefore making this products
useful as a secondary variable in cokriging of vegetation

productivity.

The assessment of vegetation productivity is especially
important in Mongolia where drought and winter disasters
(dzud) that deplete vegetation resources represent a major
risk confronting herders. During the period from 1999
to 2001, as much as 35% of the nation’s livestock was
lost to these ewo disaster events. To help address these
challenges to livestock production in Mongolia, a livestock
early warning system was implemented with the objective
of developing a forage monitoring system that provides
near-real time spatial and temporal assessment of current
and forecasted forage conditions. As part of this effort, we
sought to assess 1) the ability of the PHYGROW forage
simulation model to accurately predict standing crop of
forage at selected sites across the landscape using the near-
real time rainfall data, and 2) the feasibility of using forage
model output and NDVI in geostatistical interpolation to
produce landscape level maps of forage production.

Major Findings

To assess the ability of the simulation models to produce
reliable vegetation productivity estimates as well as the
reliability of landscape maps of forage production, we
employed a 3 step process. The steps were as follows:
1) model parameterization and calibration, 2) model
validation, and 3) map cross validation. Each of these
will be described below along with the results of these
assessments.

Figure 1. Location of the monitoring sites within the Gobi Region of Mongolia.
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Model parameterization and calibration entailed collection
of vegetation composition data to parameterize the
PHYGROW model, and measurement of vegetation
productivity to calibrate the model. In Mongolia,
approximately 300 monitoring sites were cstablished
in 8 aimags (provinces) across the Gobi region during
the period from May 2004 to October 2006 (Figure 1).
At each monitoring site, vegetation composition data
were collected along fixed length transects and used to
parameterize the model.  Vegetation productivity was
measured by clipping forage biomass from quadrats of
known size and converting the biomass values to kg/ha
after air drying and weighing. Calibration of the model
for each site involved slight modifications of PHYGROW
parameters such as leaf turnover and growth rate to allow
the model predictions of biomass to converge at or near the
forage biomass measured when the transect was established.
For the majority of the monitoring sites, we found a very
good correspondence between forage standing crop clipped
at the monitoring site and that predicted by the model (R2
= 0.95; Figure 2). However, we had 37 problem sites that
we were not able to completely calibrate. We believe these
problems may be associated with a mischaracterization of
soil at the site, stocking rates that are greater than those
reported for the monitoring site, or darta collection errors.
The majority of these problem sites were located in higher
elevation steppe and forest steppe areas, which had high
plant diversity and highly variable soils. These sites will
require some additional soil sampling to improve our
model parameters at these higher clevation areas.

Model validation provides and indication of the calibrated
model’s performance in predicting the forage biomass
without further model adjustments. In subsequent years
after transect establishment, the
monitoringsites were visited again
to collect vegetation productivity
dara to validate the model output
for each site over time. Vegetation
productivity was again measured
using quadrat methods and
the presence/absence of species
encountered during the transect
establishment were noted. Each
site was visited at least once after
establishment and some were
visited up to 4 times. The results
of the validation indicated that
the PHYGROW model estimates
of forage biomass had reasonable
correspondence with that clipped
atthe monitoring sites (R2 =0.69;
Figure 3). The standard error
of prediction for the validation
was 83.6 kg/ha which was less

than the overall standard error



Figure 2. Model Calibration: results of regression analysis of the clipped NDVI, but also accounts for spatial autocorrelation (i.c.,
standing crop versus the PHYGROW forage model standing crop for the items closer together in space are generally more similar
first year samnples used for calibration of the PHYGROW model at the

e dirit : than those farther apart) to create interpolated maps of
monitoring sites within the study region.
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procedure variability was similar to that encountered
with the field clipping data. Like the validation data
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U 200 400 00 800 4000 1200 1400 1s00  forage model output, when combined with satellite
Clipped Standing Crop (kg/ha) greenness Mmeasurements using geostatistics, results in
the production of reasonably accurate maps of forage
biomass for the Gobi Region. These maps provide both
associated with the clipping data (115.3 kg/ha) indicating | a spatial and temporal assessment of forage conditions that
that the variability associated with validation was much less | can assist herders, as well as local and regional governments,
than the variability of the clipping data across all sites. in decision making for livestock. Since movement of
animals is generally the first response of Mongolian herders
These validation results provided us with confidence that | in times of drought, the regional maps can allow herders
the calibrated PHYGROW model performed well in | to determine areas where they might move their animals
predicting forage biomass at the monitoring sites over time. or assist them in determining the number of animals they
We then used the geostatistical procedure of cokriging (see may need to destock. In times of above average forage
[saaks and Srivastava 1989 for a discussion of cokriging) | conditions, this near real-time information can assist in
to produce landscape maps of forage production using the | determining the number of animals that the herder could

model output for each site and satellite greenness (NDVT) purchase to take advantage of additional forage.

data. Satellite greenness data is produced by the National
Aeronautic and Space Administration (NASA) every half | For local and regional governments in Mongolia, the

month. The forage model output was averaged for each regional maps of forage biomass could assist in determining
half month period to match the production of the NDVI carrying capacity and stocking rates. During periods of
during the growing season (May to September) in 2005 and drought/dzud, the maps could be useful in coordinating
2006 when vegeration biomass sampling was conducted herder movement to areas where forage amounts are
in Mongolia. The cokriging procedure not only uses the | adequate to sustain the additional numbers of animals. At

positive relationship between the forage biomass and the the national level, the maps can indicate “hot spots” where




drought or dzud is most severe, thus providing information to help coordinate disaster relief efforts and pinpoint areas where
fodder may need to be delivered.

The collection of data at 300 monitoring sites for model parameterization can become part of a larger database for monitoring
rangeland health in region. The transect data collection provides important baseline data to monitor changes in species
composition and abundance over time. The use of near-real time forage maps in short term decision making by herders
can have long-term benefits to rangeland health if properly used. Timely decision making in the face of drought can reduce
environmental degradation and lead to overall improvements in rangeland health and condition.
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A series of droughts and winter disasters in Mongolia resulted in discussions between the  United States Agency for
International Developmens (USAID) and the Global Livestock CRSP 1o transfer the GL-CRSP Livestock Early Warning
System (LEWS) technology to Mongolia as risk mitigation for these extreme evengs. LEWS is a forage monitoring system

eve

that provides near-real time spatial and temporal assessment of current and forecasted forage conditions, along with an
information and communication infrastructure that delivers the information for decision making to herders and other
stakeholders. In 2004, the Gobi Forage project was initiated in the Gobi region of Mongolia using the blueprint from the
GL-CRSP LEWS implementation, which was initially developed for the east African rangelands. Overall, the transfer
of the general technology was successful.  However, as would be expected with implementation in a new county and
landscape, some protocols, procedures, and dara streams had to be modified to accommodate an operational LEWS. For
Jorage quantity monitoring, the infrastructure and protocols developed for East Africa allowed the Gobi team to have a fully
operational system within two years; almost two years less than the implementation in East Africa. The general protocols
Jor implementing forage quality monitoring have also been successful, and have resulted in the first in-country use of near
infrared reflectance spectroscopy (NIRS) for livestock in Mongolia. In conclusion, the Gobi Forage program provides an

example of successful GL-CRSP technology transfer that can be used as a model for other pastoral regions.

Background

During the period from 1999 to 2002, Mongolia
experienced a series of droughts and severe winters
that lowered livestock numbers by approximately 30%
countrywide. [n the Gobi region, livestock mortality
reached 50% with many households losing entire herds
(Siurua & Swift 2002).
of livestock and its impacts on pastoral livelihoods,
discussions began in early 2003 between the GL-CRSP
and the USAID mission in Mongolia to assess the
possibility of transferring the Livestock Early Warning

Due to these extreme losses

System (LEWS) technology developed in East Africa
to Mongolia with the ultimate goal of providing timely
information on forage conditions to increase lead time
for risk mitigation decisions by Mongolian herders. In
March 2004, the Gobi Forage project was implemented
to apply proven LEWS forage and animal monitoring
technology to pastoral communities in the Gobi region
of Mongolia (Figure 1, inside page). The objectives of
Gobi Forage were similar to those of the East Africa
LEWS in that the primary emphasis was to develop
a forage monitoring system that provides near-real
time spatial and temporal assessment of current and
forecasted forage conditions, along with an information
and communication infrastructure to deliver the
information for decision making to herders and other
stakeholders.  Under the Gobi Forage program, the
rransfer of GL-CRSP LEWS  technology had three

major research activities including: 1) Infusion of forage
monitoring technology developed by the GL-CRSP in
East Africa to assess regional forage quantity; 2) Infusion
of the near infrared reflectance spectroscopy (NIRS)
nutritional profiling technology, developed in the USA
and refined for early warning in East Africa, to assess
livestock diet quality; and 3) Information delivery and
outreach.

Gobi Forage represented the first attempt for the
transfer of GL-CRSP LEWS technology from one
pastoral region to another.
implementation of the Gobi Forage project in May
2004 using the general framework for establishing

The Gobi team began

early warning systems described in Stuth et al. 2003
and Swuth et al. 2005. For the forage monitoring
activity, this entailed the establishment of monitoring
sites across the Gobi region where plant community
information was gathered to parameterize, calibrate,
and validate the PHYGROW forage simulation model
during the study period. Model outputs were merged
with sacellite imagery data (Normalized Difference
Vegetation Index [NDVI]) to produce landscape maps
of forage available to livestock. Model outputs were also
subjected to statistical forecasting to predict probable
For the forage
quality monitoring, this required development and

e ey

forage conditions out to 60 days.
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enhancement of fecal NIRS equations to accommodate the
kinds and classes of livestock in Mongolia.  Gobi Forge
also introduced portable NIRS technology to test whether
this type of system would be more useful in Mongolia, due
to the poor infrastructure within the country, for sending
samples from rural locations.

The objective of this research brief is to provide an
assessment of the successes, constraints, and lessons learned
through the transfer of GL-CRSP technology developed in
East Africa to Mongolia, and how this can be helpful in the
transfer of this technology to other regions where drought
carly warning systems may be needed. Part 1, the current
brief, describes the challenges associated with Activities
1 and 2 of the project: the transfer of forage monitoring
and NIRS technology for use in the Mongolian version
of a LEWS. Part 2 (Angerer et al. 2009) investigates the
issues, obstacles, and successes of the Gobi Forage project
in delivering the benefits of this transferred technology for
use by producers, traders, policy-makers, and development
agencies throughout Mongolia, with implications for the
use of LEWS technology in rangelands and pastoral areas
outside of Asia and East Africa.

Major Findings
Forage Quantity Monitoring

For implementation of the forage quantity monitoring, the
Gobi Forage team followed the protocol for establishing
the LEWS program that was designed for East Africa. This
protocol worked very well and allowed Gobi to establish
a set of monitoring sites operational during the second
year of the project. The grid computing environment,
web servers, software, and mapping procedures developed
for East Africa allowed for the seamless integration of the
Mongolian data into the system, thus saving approximately
two years in development time had chis infrastructure not
been in place. Despite this rapid progress, however, the
team was met with several implementation challenges.
The first of these was the lack of unified climate and
satellite data sets for use in the near real-time monitoring
system. For East Africa, the efforts of USAID’s Famine
Early Warning System Network (FEWSNET) program
have led to the development of a variety of data products
that can be used for early warning. The FEWSNET
products generally cover all of Africa, are well documented,
and are easily accessible. For Mongolia, similar types of
products existed, but were not easily accessible, or had
not been tested in any type of early warning system. For
example, in East Africa LEWS, the National Oceanic and
Atmospheric Administration Climate Prediction Center’s
(NOAA-CPC) Rainfall Estimation (RFE) product is used
in the carly warning analysis. This product is not available
for northern Asia. The Gobi team worked with NOAA-
CPC to find a suitable alternative and was granted access to

their CMORPH rainfall product. This product is higher
resolution than the RFE product and is global; however
it had not been tested in Asia, and had not been used
for biophysical modeling. During the second year of the
project, it was determined that the CMORPH product was
over-predicting rainfall, especially in the higher elevation
regions of the study area. With the assistance of NOAA-
CPC, Gobi Forage was able to develop a bias correction
procedure using near real-time rainfall data from stations
in Mongolia, China, and Russia, effectively addressing the

rainfall concern.

A second challenge encountered in the Gobi LEWS
programming was winter disaster monitoring, as this was a
protocol not required for LEWS developmentin East Africa.
The Moderate Resolution Imaging Spectroradiometer
(MODIS) satellite suite of data products provided Gobi
with surface temperature and snow extent imagery along
with snow depth imagery provided by NOAA-CPC,
to produce products for the winter disaster monitoring
component.

Due to the physical conditions encountered in Mongplia,
the Gobi team conducted a more rigorous model and map
validation than was done in East Africa. Each monitoring
site was visited at least twice during the study period, and
some sites were visited up to five times. The short growing
scason (90 to 120 days) coupled wich the first-time use
of CMORPH precipitation data necessitated additional
ground-cruthing. This ground-truthing helped the team
to identify problem sites with mischaracterized soils
or stocking rates that were higher than reported for the
region. Also, once map production began, the additional
ground-truching activities increased confidence among the
Gobi Forage team that the forage monitoring technology
accurately reflected forage conditions across the region.

Forage Quality Moniroring

For implementation of the forage quality monitoring
technology in Mongolia, Gobi Forage adapted the protocols
developed in the US and East Africa for establishing a fecal
near-infrared reflectance spectroscopy (NIRS) laboratory
and livestock nutritional monitoring system (Tolleson et
al. 2008). However, because the team introduced new
technology with the use of a portable NIRS system suitable
for the vast expanse of rangelands encountered by the Gobi
team field staff, new protocols had to be developed. These
included procedures for sample preparation and equation
transfer from the static laboratory machine. Although the
portable systems are much cheaper than static laboratory
systems (by as much as $25,000 USD), the portable
systems do not have the suite of software tools available
with the static systems. This resulted in the development
of statistical tools to analyze the spectral results and
incorporate equations from the NIRS laboratory in the US.
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Figure 1. Gobi Forage study area and monitoring sites in Mongolia.
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were extreme outliers. As a result of this work, feeding
trials were conducted to construct an equine equation
for Mongolia, as well as with sheep and goats, in order to
improve the small ruminant cquations. In addition, since
no fecal NIRS equation had been developed for camels
in the East Africa LEWS, field observations of diet paired
with fecal collections were initiated to develop an equation
for camels. The full development of the camel equation,
has been hampered by drought in the region where the

camel research station is located, and remains incomplete.

For the feeding trials and the housing of the equipment
associated with processing fecal NIRS samples, Gobi Forage
partnered with the Research Institute of Animal Husbandry
(RIAH), a component of the Mongolia Agriculture
University. RIAH’s mission is basic and applied livestock
research and they have laboratories and off-site research
centers that allowed the Gobi team to conduct feeding
trials for equation development and improvement. This
partnership is seen as a critical component for the eventual
institutionalization of NIRS technology in Mongolia, a
major step for the program’s sustainability and success.

The establishment of a NIRS system in Mongolia
represented the first in-country use of NIRS technology
for livestock. The establishment of this technology in
Mongolia has not been as rapid as the implementation of
the forage quantity monitoring technology. This is due
in part to the education process for introducing complex
technology to individuals who have never dealt with
any facet of spectral analysis and multivariate statistics.
Another constraint is the changing permitting requirements
instituted by the US Department of Homeland Security for
sending fecal samples from Mongolia to the US for testing

and verification on static NIRS equipment. This could
be overcome by installation of a static NIRS laboratory in
Mongolia. Having both portable and static systems would
improve equation development and would potentially have
other value-added uses such as fodder, hay, and supplement
quality analysis as well as wool and cashmere grading; a
critical support network for the long-term management
and operation of the system at the national level.

Practical Implications

The Gobi Forage program is a successful example of the
transfer of GL-CRSP technology from one pastoral region to
another despite divergent climate and ecology. The general
framework for implementing the LEWS in East Africa was,
for the most part, casily applied to Mongolia. Although
the sources and types of remote sensing data for near-real
time monitoring of forage were different for Mongolia, the
software and system architecture developed for the East
Africa LEWS was able to accommodate the inclusion of
these data sets with only minor modifications.

The past development of forage quantity monitoring
infrastructure for East Africa reduced the amount of time
to build a fully operational LEWS by approximately two
years in Mongolia. This allowed Gobi Forage to become
fully operational by the end of the second year of the
project, thus allowing more time to be spent on training
and outreach during the third year (see Angerer et al.
2009). The procedures for using MODIS and CMORPH,
both global sets of products, will provide additional
capabilities should the LEWS technology be transferred to
other pastoral regions both within and outside of Asia and

East Africa.



The development of portable NIRS nutritional monitoring
in Mongolia serves to assist herders in making appropriate
decisions for improving nutrition of their animals. As animal
fattening enterprises and dairies increase in number to meet

the demands for meat and milk in Ulaan Baatar, nutritional

The combination of both portable and static NIRS
laboratories has the potential to have many value-added
services like cashmere grading, milk quality, fodder and hay
quality, and soil analysis, and continues to be a long-term
goal for Gobi Forage, along with continued improvements in

the forage quantity component of the Gobi Forage LEWS.

monitoring for animals will become increasingly important.
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Technology Transfer Part 2:
The Voice of LEWS: Information Outreach
from the Gobi Forage Livestock Early Warning System

Jay Angerer, Texas A&M University;
Sean Granville-Ross, Mercy Corps Mongolia;
and Doug Tolleson, University of Arizona
Gobi Forage Livestock Early Warning System Project

A series of droughts and winter disasters in Mongolia vesulted in discussions berween the  United States Agency for
International Development (USAID) and the Global Livestock-CRSP to transfer the GL-CRSP Livestock Early Warning
System (LEWS) technology to Mongolia as risk mitigation for these extreme events. LEWS is a forage monitoring system
that provides near-real time spatial and temporal assessment of current and forecasted forage conditions, along with an

3 2

information and communication infrastructure that delivers the information for decision making to herders and other
stakeholders. In 2004, the Gobi Forage project was initiated in the Gobi region of Mongolia using the blueprint from the
GL-CRSP LEWS implementation, which was initially developed for the east African rangelands. Overall, the transfer of
the general technology was successful, with the Gobi Forage team implementing the LEWS and forage quantity monitoring
within two years, and forage quality monitoring shortly thereafter. The critical component for the success of Gobi Forage:
delivery of LEWS forage quantity and quality information to herders and policy-makers has been most effective using
maps delivered by the postal service, along with national radio broadcasts for early warning bulletins, in contrast to World
Space Radio and Interner delivery utilized by the LEWS and LINKS projects in East Africa. The information outreach
component of the program has been exceedingly well received at the local level, with over 70% of herders and nearly 64% of
officials having some degree of familiarity with Gobi Forage products. Although considerable progress could still be made o
improve information sharing at the national level, the transfer of LEWS to Mongolia in little over three years demonstrates
considerable potential for the long-term impact of the program, as well as a fundamental case study for the benefits of

livestock early warning systems in arid rangelands.

Background

During the period from 1999 to 2002, Mongolia
experienced a series of droughts and severe winters
that lowered livestock numbers by approximately 30%
countrywide. In the Gobi region, livestock mortality
reached 50% with many households losing entire herds
(Siurua & Swift 2002). Due to these extreme losses
of livestock and its impacts on pastoral livelihoods,
discussions began in early 2003 between the GL-CRSP
and the USAID mission in Mongolia to assess the
possibility of transferring the Livestock Early Warning
System (LEWS) technology developed in East Africa
to Mongolia with the ultimate goal of providing timely
information on forage conditions to increase lead time
for risk mitigation decisions by Mongolian herders. In
March 2004, the Gobi Forage project was implemented
to apply proven LEWS forage and animal monitoring
technology to pastoral communities in the Gobi region
of Mongolia. The objectives of Gobi Forage were similar
to those of the East Africa LEWS in that the primary
emphasis was to develop a forage monitoring system that
provides near-real time spatial and temporal assessment
of current and forecasted forage conditions, along with
an information and communication infrastructure to
deliver the information for decision making to herders
and other stakcholders.  Under the Gobi Forage

program, the transfer of GL-CRSP LEWS technology
had three major research activities including: 1) Infusion
of forage monitoring technology developed by the GL-
CRSP in East Africa to assess regional forage quantity;
2) Infusion of the near infrared reflectance spectroscopy
(NIRS) nutritional profiling technology, developed in
the USA and refined for early warning in East Africa, to
assess livestock diet quality; and 3) Information delivery
and ourreach.

Gobi Forage represented the first actempt for the transfer
of GL-CRSP LEWS technology from one pastoral region
to another. The Gobi team began implementation of
the Gobi Forage project in May 2004. For both the
forage quantity and quality components of the program,
the Gobi team sought to implement the protocols and
methods developed in East Africa for information
delivery and outreach.

The objective of this research brief is to provide an
assessment of the successes, constraints, and lessons
learned through the transfer of GL-CRSP technology
developed in East Africa to Mongolia, and how this can
be helpful in the transfer of this technology to other
regions where drought early warning systems may be
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needed. Part 1 of the brief (Angerer etal. 2009) describes the
challenges associated with Activities 1 and 2 of the project:
the transfer of forage monitoring and NIRS technology for
use in the Mongolian version of LEWS. This brief, Part 2,
investigates the issues, obstacles, and successes of the Gobi
Forage project in delivering the benefits of this transferred
technology for use by producers, traders, policy-makers,
and development agencies throughout Mongolia, with
implications for the use of LEWS technology in rangelands
and pastoral areas ourtside of Asia and East Africa.

Major Findings
Information Delivery and Outreach

The general structure of information delivery for early
warning products in Mongolia was similar to chat
developed in East Africa. The simulation model output for
individual monitoring sites along with the 60-day forecast
analysis was made available via Internet portal using the
same software, databases, and analysis routines developed
for the East Africa LEWS. For the map products, Gobi
also used the geostatistical software and protocol developed
for East Africa LEWS to create the total forage available
and deviation from long-term average maps each half-
month. However, delivery of the monitoring site and map
information has been quite different in Mongolia. In East
Africa, World Space radio download capability and the
Internet were used to deliver information to monitoring
zones where LEWS collaborators could access the maps and
information and deliver it to stakcholders. The incentive
to use World Space radios in East Africa is enhanced by
the availability of other services such as the Africa Learning
Channel. The World Space radio network is available in

A herder examines the Gobi Forage calendar. Photo by Dan Schar.

Mongolia via the AsiaStar satellite; however, the network
is rarely used by herders and rural households. Also, there
is no additional programming to provide incentives for
multiple uses like in East Africa.

Internet access is scarce in most of the rural areas of the
Gobi Region, although it has improved since the beginning
of this study. Despite this improvement, Internet remains
an unreliable means of transferring the maps due to
the large size of the files and extended download time.
Because of these limitations, Gobi Forage chose to use
regular postal mail to deliver maps and situation reports
to aimag (province) and soum (district) offices, so that the
information could be seen by local government personnel
as well as displayed on community bulletin boards. Gobi
Forage also employed the use of national radio broadcasts
to provide situation reports of current and forecast forage
conditions.  Information on livestock production is
provided in these broadcasts, as well as occasional guest
speakers to discuss rangeland management and highlight
Gobi Forage products. The team has found this to be a
very effective communicacions tool for delivery of Gobi
Forage information, and the program has been exceedingly
well received at the local level, with over 70% of herders
and nearly 64% of officials having some degree of
familiaricy with Gobi Forage products. Almost all herder
households and local/regional government officials have
access to radios, and many schedule their activities where
they can be near the radio when information on weather
and livestock are scheduled during the day. A recent survey
in the study region found that 65% of herders considered
radio broadcasts as the most useful form of delivery for
Gobi Forage information (Figure 1). In a similar survey
of local and regional government personnel, the mailed
maps were considered the best method for delivery of
informarion (40%) followed by radio bulletins (32%) and
the Internet (26%). Current information dissemination
plans are to continue to use radio for communication
to herder households and to continue delivery of maps
Like East Africa,
there has been a tremendous increase in the cell phone

for both postal and Internet delivery.

network in rural regions. The team is currently exploring
methodology from the GIL-CRSP Livestock Information
Network and Knowledge System (LINKS) program for
delivering spatially explicit early warning reports via cell
phones and Short Message Service (SMS) technology.

As with the East Africa LEWS, the Gobi Forage project
developed training programs for herders, government
personnel, NGO’s and other interested stakeholders in the
use and interpretation of the LEWS products. Training
in Mongolia was enhanced by the production of a set of
DVD videos that were distributed, as well as shown, ar the
training sessions. These videos proved to be very effective
tools for introducing potential users to the Gobi Forage
program by providing a description of both the LEWS



methodology and products that arc produced. Brochures,
calendars, and descriptive maps have also been produced
for distribution after training sessions to improve retention
of information by trainees.

Partnerships, Capacity Building and

Institutionalization

An overall major success of the Gobi Forage program was
the partnership with USALD’s Gobi Initiative that is being
implemented by Mercy Corps. “I'he Gobi Inidative is a
rural development program designed to assist people in
the Gobi region of Mongolia to undertake measures for
developing and sustaining market-led economic growth.
By partering Gobi Forage with the Gobi Initiative, Gobi
Forage was able to access the Mercy Corps network of
program officers and personnel alrcady located within the
Gobi region. This was extremely helpful for establishing
monitoring sites, implementing teaining sessions for herders
and local government personnel, and receiving feedback
on Gobi Forage products. Being located in Mercy Corps
offices also provided needed infrascructure for vehicles,
office space, and access to a variety of individuals including
communication spccialists, economists, veterinarians,
This
synergistic relationship to form between Gobi Forage and

and other specialists. collaboration allowed a
Gobi Initiative cfforts in thac the existing network and
infrascructure allowed Gobi Forage to become operational
in a short amount of time, while Gobi Forage products
became an additional service provided to Gobi Initiative
participants. The small disadvantage of the relationship
was that due to Gobi Initiative efforts focused on herders/
small business, government stakeholders were initially
marginalized, and as a result, the Gobi Forage program
has had to work hard to establish relationships with the

government.

For capacity building of project personnel, Gobi Forage
generally followed the same model as implemented in
the East Africa TLEWS: scientists from the US rtrained
individuals in the host country and host country individuals
traveled to the US for short term (4-6 week) training. It
was found that having scientists travel from the US to
do training in Mongolia was much more cffective from a
By sending US

scientists to Mongolia to conduct training, the project was

cost, logistical and retention standpoint.

able to train a larger number of individuals, and train them
in their own work environment. This reduced distractions
and insured that the software and models worked on their
machines. For training and study in the US, it was found
that Master’s level graduate training would probably be
more effective than the short-term training.

Like Easc Africa, the presence of the Gobi Forage project has
attracted other groups in the region to provide funding to
enhance the LEWS coverage and sets of products. In 2005,

Figure 1. Percentage of the number of government personnel and
herder respondents that answered “Yes” 1o the question of “What is
the most useful form of delivery of Gobi Forage Information?” in a
survey conducted in October 2007 in the Gobi Forage study area.
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funding was received from the World Bank/Netherlands-
Mongolia Trust Fund for Environmental Reform (NEMO)
Khulan Project to expand the Livestock Early Warning
System into the Dornogobi aimag to enhance their study
of Khulan (Asiatic Wild Ass) movements and overlap
with grazing livestock by herders in the region. This
collaboration resulted in an additional 35 monitoring sites
and an castward expansion of the study arca (Angerer et
al. 2009). In 2006, Gobi Forage received additional funds
from the World Bank Sustainable Livelihoods Program to
expand the LEWS into the Tuv aimag surrounding Ulaan
Baatar, the largest city in Mongolia and the nation’s capizal.
This resulted in the addition of 50 new monitoring sites
and expanded the project region northward (see Angerer

et al. 2009).
Practical Implications

The success of a technology suite like LEWS with
the capacity to forecast drought and other potentally
devastating climatic events, and forewarn policy-makers,
managers, and herders so that they can take action rto
mitigate risk associated with these events is fundamenzally
dependent on the ability of program staff and collaborating
partners to deliver the information produced by rthe
technology to those most affected. In little over threc
years, Gobi Forage has not only managed to integrate East
Africa LEWS and forage quality monitoring technology
into Mongolia, but also to establish a series of protocols
and information delivery systems designed to reach borh
herders and officials at the local and national levels. In
a recent survey and evaluation report conducted on Gobi
Forage, “nearly half of herders surveyed reported that they
had used Gobi Forage information in the preceding months
to guide livestock movements, provide supplementary feed
and change their rotational grazing strategy; 35% of these
herders reported a net profit resulting from these actions.
The overwhelming majority (93%) of government officials



using Gobi Forage products to advise herders indicated
While

challenges still remain (notably ctrainings for herders on

that the products were ‘very useful for their work.”

interpretation and improved information

sharing at the national level), given the time frame, Gobi’s

information
outreach activities are considered remarkably efficient.

Furthermore, providing a core set of personnel, infrastructure
and funding for LEWS in East Africa and Mongolia has been
very beneficial for attracting other donors to fund expansion
of the program. This not only has increased the capabilities
of the Gobi Forage system, but has provided increased
opportunities for the longer term sustainability of the projects.
It is this long-term sustainability that is viewed as critical to
ensuring continued progress and development of livestock
production and management in pastoral rangelands. For
long-term sustainability of LEWS technology in both East
Africa and Mongolia, institutionalization of these programs
within the host countries needs to occur, preferably as part of
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a government ministry or academic institute that can devote
long-term funding for staffing, production, and maintenance
of the system. In Mongolia, the funding provided by the GL-
CRSP, the USAID Mission, USDA-RASP, and other partners
during the last 3.5 years has allowed the LEWS system to
become operational in almost half of the country, and has
created widespread awareness and use of the products. It
remains to be seen, despite the considerable efforts on outreach
of the Gobi Forage program, if this length of time has been
adequate to create the demand from users (herders, livestock
producers, and local, national and regional government
officials) for the products to encourage government and/or
other donors to provide this funding. Currently, a request
for applications has been opened to identify an appropriate
institution for housing the Gobi Forage program for long-
term sustainability. The authors expect this process to be
complete by Spring 2008. Editors note: at the time of printing,
this process remains ongoing.
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Integrating Information and Communication
Technology for the Livestock Early Warning
System (LEWS) in East Africa
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The GL-CRSP Livestock Early Warning System project in East Africa bas developed a methodology and technology to
address the informational needs of pastoral communities relative to changing forage conditions. The LEWS team, led by
Texas AGM University in collaboration with a large network of NARS, NGOs, and development agencies in Ethiopia,
Kenya, Tanzania, and Uganda, has assembled an integrated suite of technology that provides estimates of livestock forage
availability, deviation from normal, and a percentile ranking for a large portion of these four countries. When coupled with
a 90-day forecasting system, information such as current forage conditions relative to historical conditions, conditions at the
same time during the previous year, and likely forage response in the next 90 days can be provided. Since the human element
in complex technology can be a major constraint for deployment in developing countries, LEWS has attempted to devise
methods by which data is automatically acquired, analysis is conducted by resident programs scheduled to run unattended,
and outpur information is generated and disseminated to outreach partners in the region. This information is updated every
10 days with situation reports and maps distributed via WorldSpace radios, email, internet, CDs, and newsletters, impacting
over 400 organizations and 300 decision makers in the region.

Background

Pastoral communities in East Africa have traditionally
relied on historical memory, cloud behavior at given times
of the year, atmospheric effects on star brightness, and
behavior of plants and animals to develop coping
strategies for crisis situations. However, the frequency
of drought episodes affecting the Greater Horn of
Africa region is increasing as global climatic patterns
change. Smaller intervals between drought episodes
mean that herders using traditional early warning
methods do not have enough time to recover from
one drought before the next one strikes. The effects
are cumulative and inversely proportional to the length
of intervals between episodes. Herders need analytical
systems that help interpret changing climatic systems and
provide information on emerging forage conditions and
likely near-term responses. LEWS has focused on the
design and implementation of a new set of technologies
that captures weather responses in near real-time and
translates that information into forage response over
large landscapes in Ethiopia, Kenya, Tanzania, and
Uganda. Given the issues of system maintenance and
the sparse and inconsistent reporting in pastoral
regions of East Africa, the technology suite was
developed using remote analysis techniques. When
coupled with innovations in communication
technology, this suite translates the changing behavior
of pastoral forage-based systems into information that
can be distributed and interpreted by governmental

agencies, NGOs, district officers, and pastoral
community organizations.

LEWS Technology Suite

Satellite Weather (RFE/CHARM)
One of the major challenges facing the LEWS program

was establishing a basis for capturing daily weather data.
Initially, 75 on-site weather stations were established
in the project; however, due to theft of equipment,
vandalism, and inability to communicate data
records in a timely manner to the central analysis
site, the LEWS team sought alternative weather data
sources. Working with the Famine Early Warning
System Network (FEWS NET), we were able to
establish an automated link to their METEQSAT-based
REFE daily estimates of rainfall and temperature for the
entire African continent, updated in near real-time. In
order to be able to compute deviation from normal
forage conditions, LEWS developed monthly average
temperatures and rainfall for the East African countries
and used them as coefficients in weather generators
parameterized for the nearest World Meteorological
Organization (WMO) reporting station. Recently,
Funk et al. (2003) reanalyzed historical satellite
imagery and released the CHARM rainfall dara set
containing data from 1961 to 1996. LEWS acquired
the CHARM rainfall dataset, linked it with the
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generated temperature data, and now uses this data for
computing historical forage response and deviation of
forage from normal.

PHYGROW Model

The PHYGROW model is the integration tool of the LEWS
system. It uses weather and site vegetation information to
derive forage conditions that normally would require much
time and expense to collect by hand. The model requires
input data on soils, plants, livestock density rules, plant
preferences by herbivore, and plant growth attributes by
species. The LEWS team gathered the necessary soil data
for the model. Interviews with local pastoral households
provided the stocking density data reflecting their “decision
rules” for movement of livestock. Preference values were
derived from a combination of researcher opinions and field
interviews with experienced herders. Verification of the
model indicates that the LEWS technology can predict
forage on offer well within field sampling error (see Research
Brief 03-03-LEWS).

Satellite Greenness - NDVI

Normalized Difference Vegetation Index (NDVT) provides
a measure of green biomass on the ground as seen from the
AVHHR satellites. LEWS’ automation technology acquires
this data every 10 days from the EROS Data Center, which
processes it as part of FEWS NET. The greenness data is
used in translating the point-based PHYGROW output into

maps of forage standing crop and forage deviation from

normal. These data are also used in the 90-day forecasting

analysis.

Forecasting Technology

Using the relationship generated by PHYGROW and the
CHARM weather data, historically derived forage responses
from 1981 to 2002 were coupled with spatially and
temporally coherent NDVT data. This coupling allows the
LEWS automation system to forecast likely forage conditions
up to 90 days in advance with a level of accuracy that is
within normal field sampling error (see Research Brief 03-
02-LEWS). The forecasting procedure analyzes and projects
the data using an AutoRegressive Integrated Moving-Average
(ARIMA) model. This approach uses past forage and NDVI
conditions along with current forage estimates from the

PHYGROW model to predict future grazed standing crop.

Spatial Technology

Mapping of forage supply, deviation from normal forage
conditjons, and rate of change is conducted using co-kriging
between the NDVI data and the point-based PHYGROW
analyses. Geostatistics lets us couple biophysical model data
collected for a small set of samples in a large landscape with
a more spatially rich dataset (NDVI) to interpolate forage
responses across a region. For co-kriging to work effectively,
a linear relationship must exist between the model forage
values and corresponding NDVI data. Since the
correspondence between model output and NDVTI in co-
kriging is spatially dependent, areas where a lack of
correspondence exists can be identified, allowing LEWS
teams to determine where new sampling points need to be
located. Currently, the co-kriging is conducted using

Figure 1: Analytical and communication components of the LEWS system.
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commercial software (GS+); however, LEWS is designing
an automated mapping system based on GSTAT algorithms
that will be deployed in the near future.

Automated Computational System

Most of the automation has been completed with the
exception of the mapping technology. Human intervention
is required to select the best model fit for the co-kriging
process. This procedure is currently being researched for
eventual automation. The LEWS automation system is
located at the Texas A&M University Center for Natural
Resource Information Technology (CNRIT). CNRIT has
a large on-going program in information technology and
therefore provides a minimal cost locale to ensure that the
dara is acquired, analyzed, and disseminated in a timely
manner to all partner organizations in East Africa.

Communications Technology and Qutreach

Outreach is critical to the success of the program. Currently,
LEWS places all analyses on the Africa Livestock Early
Warning System website (http:/cnrit.tamu.edu/aflews) with
10 day updates. In addition, subsets of the analyses are
automatically reconfigured for broadcast via WorldSpace
satellite radios using African Learning Channel bandwidth
and containers from the Arid Lands Information Network
(ALIN) and RANET. The maps and minimal narrative go
to ALIN for distribution in their network of 100+ radios
across East Africa. The full situation reports are distributed
by RANET in their larger container. Communication nodes
established across East Africa involve tuning a $65 USD
satellite radio linked to an inexpensive laptop or desktop
computer via a signal translator ($35 USD) and transferring
the reports at a scheduled time each day.  Many of these
communication nodes are located in NGO offices, district
offices, and communication offices of early warning agencies
of each country. The LEWS reports are also emailed by
UN-Office for the Coordination of Humanitarian Affairs
(OCHA) throughout the region. These reports are
condensed versions of the situation reports created by
country-level information officers in UN-OCHA. A
consortium of FEWS NET, U.S. Geological Survey, World
Food Programme, DMC, and LEWS also produces a
monthly Greater Horn of Africa Food Security Bulletin.
LEWS provides the pastoral outlook report within that
bulletin.

Practical Implications

The LEWS technology package demonstrates that satellite
weather and NDVI data can be value-added into an
analytical system to simulate forage conditions over large
regions, map those conditions, and forecast likely responses.
This is valuable to multiple-scale decision- makers, such as
relief organizations, development NGOs, humanitarian
groups, district officers, and pastoral community
organizations. The technology translates complex

biophysical conditions into timely information that can be
transferred through a diverse communication network, from
remote NGOs working without electricity to advanced relief
organizations with 24/7 internet capacity. More timely and
accurate information leads to improved decision-making.
Decision-makers can rely on this quantification of data, with
a demonstrated consistency in outcome, to formulate
decisions that affect the livelihood of pastoral communities.
Placing automated information technology in a stable
computing environment with very low maintenance needs
and linking that output to relevant outreach organizations
is a cost-effective mechanism allowing sustained use of
advanced technology that maximizes investments on high-
impact outreach activities. As institutions in Africa build
their human and technical capacity, the system can be
mirrored in these institutions and eventually fully transferred.
Outreach activities can then be sustained within the existing
information infrastructures of these countries without high
dependency on maintaining the information technology
infrastructure.

Future advances in space-based monitoring technology
coupled with new analytical techniques and greater
computing power have the potential to vastly improve upon
the LEWS technology package. When integrated with other
information systems such as those capturing marketing and
biosecurity data, the future holds great promise of meeting
information needs of developing countries.
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A New System to Forecast Near-Term Forage
Conditions for Early Warning Systems in
Pastoral Regions of East Africa
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Angello Mwilawa, Jane Sawe, Steven Byenkya,
Elizabeth Muthiani, and Ezekiel Goromela
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LEWS has developed a new forage forecasting technology that provides a comprehensive view of emerging forage
conditions, as well as 90-day forecasts updated every 10 days. Predicting spatial forage availability will make it
possible for pastoralists to assess impending livestock mortality by kind and class of animal and decline in milk
production. With the new system, pastoralists will have more flexibility in decision-making, leading to timely de-
stocking strategies and an assurance of greater ecosystem integrity. The primary goal of the GL-CRSP Livestock
Early Warning System Project (LEWS) is providing pastoral communities and supporting organizations with timely
and bigh-value assessments of emerging forage conditions. Information on current trends in forage on-offer to livestock
and the rate of change for conditions across Fast Africa can be provided by projecting forage conditions from computer
models (driven by satellite-based weather data representing points on the ground) and coupling those projections
with corresponding NDVT satellite forage greenness data. 1he forecasting procedure analyzes and projects equally
spaced univariate time series data, transfer function data, and intervention data using an AutoRegressive Integrated
Moving-Average (ARIMA) model. This approach predicts grazed standing crop of forage in a response time series as
a linear combination of its own past values (modeled and NDVI data), past errors (shocks), and current and past
values of other time series. Projections of 30, 60, and 90-day forage standing crops resulted in R’ greater than 0.93,
0.81, and 0.71 with standard errors of prediction of less than 141, 206, and 259 kglha of available Jorage,
respectively. This methodology is a powerful new mechanism for decision makers to identify emerging hot spots that
may be difficult to perceive, and determine if they are going to recover or worsen with a progressive 90-day analysis
window. The forecasts are well within normal sampling error, indicating that this new tool is valuable for predicting
near-term forage response.

3 2

Background

The Livestock Early Warning System (LEWS) project
has been developing a monitoring system to assess
emerging trends in forage supply and animal
condition on rangclands n Ethiopia, Kenya,
Tanzania, and Uganda. Spatial sampling frames are
established using climatic clustering techniques
overlain with thematic layers for livestock and rural
human population densities. Over 300 monitoring
sites have been set up in nine zones across the region,
covering approximately 50,000 square kilometers,
each with minimum of 30 monitoring points. For
each geo-referenced monitoring point, a multiple
species grazingland plant growth model
(PHYGROW) is paramecerized with ground-
collected data (soil profile, plant community, and
grazing rules). The model is then run every ten days
with current METEOSAT satellite daily weather data
(heep://enrit.camu.edu/rsg/rainfall/ranfall.cgi)
(derived by Xie and Arkin, 1998; Grimes et al.,1999)
to determine standing crop of the forage available to

grazing animals, and the percent deviation in forage
relative to historical weather data (1961-2002). The
historical data is based on the CHARM algorithm
(Collaborative Historical African Ranfall Maodel)
developed by Funks et al. (2003), corresponding to
each monitoring point.

A model that uses both past values of the time series
and past shocks is called an AutoRegressive Moving-
Average (ARMA) process. An ARMA model of a
differenced series is called an ARIMA model, where
the I stands for Integrated, because the output needs
to be integrated to forecast the original series. As
described by SAS (1999), the ARIMA procedure
analyzes and forecasts equally spaced univariate time
series data using the ARIMA model. An ARIMA
model popularized by Box et al. (1994) predicts a
value in a response time series as a linear combination
of its own past values (autoregressive), past errors,
shocks or random disturbances (moving average), and
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current and past values of other related time series
(covariate).

Both the PHYGROW forage output and Normalized
Difference Vegetation Index (NDVI) data were subjected
to “white noise” or “prewhitening” analysis, which
removed the intrarelationship in the individual series and
inherent noise in the data series. This allowed accurate
assessment of the interrelationship between the input
and the outpur series. Each data series was then made
stationary by applying the appropriate differencing from
its ARIMA model. Seasonal dependency patterns were
identified, and given the variability in weather patterns
over the region. An annual circle produced the best
correlation. We removed serial dependency by
differencing the series to identify the hidden nature of
scasonal dependencies in the series.

The denoised NDVI and forage data was then subjected
to the second step of parameter estimation using the
function minimization procedure (nonlinear estimation),
so that the sum of squared residuals was minimized. The
estimates of the parameters were used in the last stage
(forecasting) to calculate new values of the series (beyond
those included in the input data set) and confidence
intervals for those predicted values. The estimation
process was performed on transformed (differenced) data.
Before the forecasts were generated, the series was
integrated (integration is the inverse of differencing) so
that the forecasts were cxpressed in values compatible
with the input data.

Preliminary Findings

The ARIMA procedure allows modeling of two
correlated time series of data. Figure 1 provides an
example of a simple one-to-one relationship between
forage standing crop and the satellite-derived NDVI
for a given 8 x 8 km grid in East Africa. Given the
diversity in landscapes, topography, and vegetation
types of East Africa, creation of a spatial and time series
data proxy was of paramount importance for developing
forecasting capacity in the LEWS project.

The ARIMA time series forecasting methodology
appeared to provide suitable projections well within
normal field sampling error for most of the 300 sites
within the LEWS study region in East Africa. R? and
SEP (kg/ha) values for 8,820 projections for the 30,
60, and 90-day forecast of grazable standing crop were
0.93/141, 0.81/2006, and 0.71/259 respectively (Figure
2).

Practical Implications

Pastoralists, NGO advisors, and government relief
agencies have all indicated to the LEWS team that they
want to know what current forage conditions are in
terms of deviation from historical grazed forage supply,
and what those conditions will likely be over the next
90 days, with frequent and timely updates. Prior
analysis has indicated that the LEWS technology suite

can indeed provide forage condition analyses every 10

Figure 1: Sample relationship between forage and the corresponding normalized difference vegetation index (NDVI).
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Figure 2: Forage forecast showing 30, 60, and 90-day projections.
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days with graphs, maps, and written reports distributed over
the Internet and over WorldSpace Radios to over 400
organizations in East Africa (http://cnrit.tamu.edu/aflews).
The remaining piece of the puzzle was to provide forecasting
information within normal sampling error suitable for
decision-making. The analysis conducted herein indicates
that near-term forecasting up to 90 days is possible and will
provide a valuable additional piece of information to extend
the time by which the LEWS information system can have
an impact on the decision-making processes concerning
livestock management in pastoral communities within
East Africa. Our research team continues to work with other
forecasting organizations, such as Columbia University’s
International Research Institute for Climate Prediction to
extend our forecasting capacity beyond 90 days.
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A Satellite-Based Technology Predicts Forage
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The Livestock Early Warning System Project (LEWS) has created a technology suite of products to predict forage conditions
on the ground in pastoralist regions of East Africa. The system monitors the impact of emerging weather events on forage
supply for livestock. The PHYGROW model is the foundation of the LEWS toolkit. Primary inpuss for the model include:
soil parameters, plant community characteristics, and livestock management decision rules. These inputs are driven by
satellite-based gridded weather data for a particular location, simulating daily forage available for livestock and wildlife.
Regular verifications are conducted to ensure that PHYGROW s simulation output of available forage agrees with observations
in the field. LEWS scientists sampled 81 of over 300 monitoring sites scattered across Ethiopia, Kenya, Tunzania, and
Uganda throughout the entire vegetation production cycles of 2001 and 2002. The zonal teams estimated the total forage
standing crop (kg/ha) for 50 plots in each of the 81 grids, based on pre-established reference quadrars. The field data
collected by the zonal teams was highly correlated with the simulated model output (R2= 0.96 and SEP = 161 kglha). The
methodology was judged effective in providing large-scale estimates of forage dynamics on the ground, offering a low-cost
mechanism for translating weather data into forage over large regions. Satellite-based weather data, coupled with a robust

biophysical model like PHYGROW] is a viable base to support early warning efforss in developing countries.

Background

For the past five years, the LEWS project has conducted
research and developed a Livestock Early Warning System
for the pastoral communities in Ethiopia, Kenya,
Tanzania, and Uganda. The project explored an array of
technologies and their applications in developing
countries, including access to satellite-based weather data
and computer simulation models of plant growth and
spatial techniques linked with NDVI greenness data. The
algorithms needed to derive satellite-based rainfall and
temperature data have been extensively tested by Xie and
Arking (1998), Grimes et al (1999), and Funk et al.
(2003). Similarly, the use of NDVT satellite data has
been well established (Tucker et al., 1991). However,
the effectiveness of linking the satellite-based weather and
NDVI data with PHYGROW, the biophysical model
used in the LEWS program, had not been extensively
tested in East Africa. The LEWS project found
PHYGROW to be an effective model in predicting forage
on-offer to livestock over a wide array of East African
ecosystems.

PHYGROW is a hydrological-based plant growth model
used to simulate daily available forage. The model uses
soil parameters, plant community characteristics,
livestock movement/destocking decision rules, and
weather data for a particular location to simulate daily
available forage. The initial characterization of the modal
plant communities is based on a sample at a specific

location, carefully selected to be as representative as
possible of a corresponding 8 x 8 km satellite weather/
NDVI grid. The model is run with long-term weather
(1961-2002) to test its true stability. During stabilization,
a modeler examines both the input and the output
parameters for reasonableness and inadvertent errots.
Subsequently, the model is placed in a web-based
automation process to report daily forage conditions,
percentile ranking of forage on-offer, deviations from a
long-term average, and projections for the next 90 days
on a near real-time basis with minimum human
interference (heep://cnrit.camu.edu/aflews). Various
geostatistical methods and GIS techniques are employed
to produce surface maps of available forage using the point
data generated through the automation process. These
techniques allow the estimation of forage yield for large
areas of non-sampled locations, offering a cost-effective
and timely way to monitor forage in vast areas of
developing countries.

There are currently over 300 LEWS monitoring points
distributed over Ethiopia, Kenya, Tanzania, and Uganda
(Figure 1). To set up and parameterize PHYGROW for
each of these sites, the host-country scientists led field
teams to selected sites representing 8 X 8 km weather
and NDVI grids. The teams made 500 observations of
basal area of the grasses, frequency of the forbs, and
effective canopy cover of the woody species for each site
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(Jama et al., 2002). Soils were characterized based on soil
surveys (where available) or actual soil sampling at the site.
Livestock densities and movement rules were acquired via
interviews with local pastoralists using the grid selected as a
monitoring site. A minimum of 30 years of daily weather
data is needed to drive the model and set up a baseline, or
long-term normal, for each site. The weather variables
needed are: minimum and maximum temperatures (C),
rainfall (cm), and solar radiation (Langley). Baseline weather
data was derived from the 1961-1997 CHARM rainfall data
set up by Funk et al. (2003) coupled with the RFE/NOAA
CPC weather dataset for Africa (1998 to present).
Temperature and solar radiation through 1997 were
generated by the WXGEN weather generator. For the period
of 1998 to present, weather data was acquired at the
following sites:

Maximum Temperature
ftp://ftp.ncep.noaa.gov/pub/cpc/fews/daily_gdas_avgs/tmax/

Minimum Temperature
ftp://ftp.ncep.noaa.gov/pub/cpc/fews/daily_gdas_avgs/tmin/
Rainfall

fip://ftp.ncep.noaa.gov/pub/cpc/fews/newalgo_est/

The resultant PHYGROW model outputs for selected sites
were ground-truthed by LEWS zonal teams, based on rapid
field appraisal of the standing crop of grazed forage (Haddock
and Shaw, 1995). When a test of the PHYGROW model’s
predicted results indicated a good agreement with the field
data, the model was judged both to adequately track the
real conditions on the ground and to be eligible for
automation. Continuing field verification of model-
simulated available forage is an integral part of the Livestock
Early Warning System development process. Confidence
in model output is necessary to provide credible information
to stakeholders and decision-makers.

Preliminary Findings

Over the period 0f 2001 through 2002, the LEWS zonal
teams selected 81 sites across the region for intensive
sampling. Fifty 0.5 m? quadrats were sampled at each
monitoring site using a comparative yield method, where
forage biomass is visually estimated on all quadrats using
a ranking method. Of the 50 evaluated, 15 quadrats were
clipped and used in the development of a regression
equation (Haddock and Shaw, 1975). The regression
equation is used to convert the rankings into actual forage
values. Since PHYGROW estimates grazed forage for
each of the target herbivores, only forage available to
livestock was measured in the field. The sites were re-
sampled if the field sampler’s visual estimate and
associated clipped samples resulted in R? values less than
0.80. More training was provided to the field enumerators
having difficulty estimating standing forage values.

®

Figure 1: Location of the LEWS monitoring sites and
verification sites in East Africa.

Results indicate that PHYGROW accounted for 96% of
the observed variation in herbaceous forage on- offer with a
standard error of prediction of 161 kg/ha. Mean difference
in sampled and predicted forage on-offer was 15 kg/ha.
When parameterized properly, the PHYGROW model
performed well for the level of analysis required for the
LEWS program in East Africa. Committed in-country field
staff, trained in LEWS field methodology, was vital to the

successful implementation of the model.
Practical Implications

Forage monitoring is becoming increasingly important in
East Africa, as frequent recurring droughts affect large areas
of the region. Determining forage production over large
regions poses a problem of logistics and cost for rangeland
monitoring systems in developing countries. This limitation
has resulted in reduced capability to determine potential
stocking rates for rangelands. Also reduced is the ability to
determine the effects of vegetation loss within the context
of rangeland monitoring, assessment programs, and livestock
early warning systems. The technique of linking the
PHYGROW model with satellite-based weather darta offers
amajor breakthrough in establishing a point-based sampling






system of large landscapes. When coupled with rich NDVI
satellite imagery, PHYGROW can be used to create maps
of forage dynamics in vast and remote regions of the world
with limited resource monitoring infrastructure. The
resulting methodology is the foundation of the first livestock
early warning system applied in East Africa. This system
allows pastoral communities, district officers, NGOs, and
relief/development decision-makers to be proactive in
implementing appropriate management practices or
interventions to protect the natural resource base and
livelihoods of people using fragile rangelands.
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Figure 2: Relationship between sampled standing crop of forage on offer in selected LEWS monitoring
sites and available forage predicted by the PHYGROW model.
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Infusing Nutritional Profiling Technology in Sub-
Saharan Africa for Free-Ranging Livestock

Jerry Stuth, Kosi Awuma, Doug Tolleson, Sarah Ossiya,
Cyprian Ebong, William Mnene, Angello Mwilawa, Abule
Ebro, Steven Byenkya, Abdi Jama, and Robert Kaitho
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A major constraint in determining the relationship between animal performance and the state of pastoral lands in
East Africa bas been the general lack of nutritional information for free-ranging animals. New technology has been
developed that allows the feces of livestock to be scanned with a near infrared reflectance spectrophorometer (NIRS)
to predict diet crude protein (CP) and digestible organic matter (DOM). When coupled with the NUTBAL
decision support software, which considers diet quality, environmental conditions, forage availability, and feed/
metabolic modifiers to predict changes in body weight, this technology package offers resource managers a way to
make changes that can improve the herds overall body condition and mitigate the effects of drought. Five NIRS
laboratories were established in Ethiopia (2), Kenya, Tanzania, and Uganda along with trained personnel within
the ASARECA AARNET NARS working groups. Validation tests of the NIRS technology indicated that the NIRS
system can predict diet CP and DOM within error of standard scientific methodology. The NIRS/INUTBAL system
was validated in each of the four countries. Cattle performance of 15 herds representing five breeds and three
physiological classes (steers, cows, heifers) was predicted within <3% of body weight, accounting for 93% of variation
in the study, and predicting within 5.9 kg of body weight across the population of 105 head. A special solar drier
was developed by Egerton University and KARI to ease logistical constraints in pastoral regions. An expanded sub-
Saharan African calibration equation was developed for cattle, sheep, and goats based on two Ph.D. dissertations
and is currently being combined with calibration sets from the USA, Argentina, Canada, and Australia to form a

Global Calibration equation that can be transferred to NIRS labs around the world.

Background

NIRS technology is revolutionizing the way analysis
is conducted for a wide array of products. The system
allows scanning of material (forage, feces, cosmetics,
chemicals, tissue, wool, etc.) with monochromic light
and measures the differential absorbance, or
reflectivity, of chemical bonds in the target substance
in the near infrared band (1100-2500 nm) (Roberts
et al., 2003). One can predict the concentration or
absence of target variables in samples, based on the
combination of sophisticated waveform analysis and
calibration sets of known chemical compounds of the
target substance. Jerry Stuth, the Principal Investigator
of the LEWS team, had developed the methodology in
earlier years and desired to test the concept in the context
of pastoral lands in East Africa. The initial goal was to
provide a monitoring tool to complement the early
warning system that simultaneously monitors forage
conditions. To ensure that the animal monitoring system
was viable for East Africa, a series of technology
verification experiments were conducted by NARS
partners in Uganda, Ethiopia, Kenya, and Tanzania
followed by expansion of the equations with East African
vegetation resources for cattle, sheep, and goats.

Methods

Initially, a series of stall-feeding trials were conducted
to determine if technology created in the U.S. could
predict diet quality from the feces of cattle, sheep,
and goats fed mixed rations of native African
vegetation. These trials were conducted at ASARECA
AARNET research centers in Adami Tulu, Ethiopia
(EARO, managed by Abule Ebro), Mbarara, Uganda
(NARO, managed by Cyprian Ebong and Steven
Byenkya), Kiboko, Kenya (KARI, managed by
William Mnene), and Mpwapwa, Tanzania (MLWD,
managed by Angello Mwilawa). Concurrently, herds
of cattle, sheep, and goats were grazed under normal
pastoral conditions at the research centers and the
animals’ weight and body condition recorded at
monthly intervals through one growing and dry season
(approximately 6 months). Fecal samples were
collected every 14 days, dried, ground, and shipped
to Texas A&M University for NIRS scanning. The
diet CP and DOM derived from fecal NIRS scans
from both the stall-feeding and pastoral grazing trials
were predicted with the calibration equation
developed for the U.S. Results were put into the
NUTBAL metric software, along with animal breed/
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sex/age, temperature, humidity, and windspeed. NIRS-
predicted CP and DOM values were compared with
corresponding wet chemistry values of fed rations.
Weights of the animals and predicted weights were
contrasted.

After testing the viability of the U.S. system, diet:fecal
pairs were gathered from Ethiopia, Niger, and Nigeria
by a Ph.D. student (Sarah Ossiya) funded by DANIDA
and the Rockefeller Foundation, in collaboration with
ILRI animal scientists. Additional sets of stall-fed
samples were developed in Ethiopia, Kenya, Tanzania,
and Uganda by the ASARECA AARNET NARS
network. In addition, a World Bank and Rockefeller
Foundation-funded Ph.D. student (Kosi Awuma) was
able to work with the LEWS samples and samples
collected in Ghana to complete the calibration for sub-
Saharan Africa (SSA). These samples were integrated
with the sub-tropical samples derived from southern
Texas to create a new calibration equation for addressing
livestock nutrition in SSA.

Throughout the process of testing and updating the
calibration equations, a series of NIRS labs were
established. The first, established with ILRI at Debra
Zeit in Ethiopia, was a center for training and processing
of the samples until the other NIRS labs could be
established. Eventually, NIRS laboratories with fully
trained staff were established at KARI’s research center
in Naivasha, Kenya, NARO’s research center in Kampala,
Uganda, EARO’s research center in Holetta, Ethiopia,
and the Animal Disease Research Institute in Dar es
Salaam, Tanzania. These labs are fully supported by their

respective institutions.
Preliminary Findings

When the original U.S. equation was applied to feces of
animals on stall-fed diets, crude protein was predicted
with accuracy well within standard laboratory error
(Cattle R? = 0.80 and SEp = 0.95; Goats R* = 0.94 and
SEp = 0.72; Sheep (using cattle equation) R* = 0.87 and
SEp = 0.95). However, it was evident that spectral
outliers were emerging for high browse diets and for
certain growth conditions, requiring possible expansion
of the diet:fecal pairs in the calibration datasets.

A metric version of the NUTBAL PRO nutritional
balance analyzer software was created and modified to
accommodate night penning of animals, which reduces
dry matter intake. The CP and DOM values of the free-
ranging animals were input in the NUTBAL PRO
software, along with the animal and environmental
variables to predict weight change and body condition.
When the measured end weights were contrasted with
the predicted weights in the 15 cattle herds, 93% of the

variation in weight was accounted for with an accuracy
of +/- 5.9 kg body weight (Figure 1). For cattle and
goats, the monthly weights never differed more than 3%
of body weight. However, the sheep predictions varied
5-7% of body weight, indicating a need to create a sheep
NIRS equation instead of using the cattle equation.
Further inspection of the NUTBAL PRO model
indicated a need to improve on the efficiency of gain
component that was derived from high performance wool
producing sheep. These modifications have subsequently
been made to the software.

Overall, the series of studies produced CP and DOM
equations that predict values well within conventional
laboratory methods. When contrasted to studies in
Australia, Hungary, the U.S., and Argentina, most the
reported standard errors were within or below those
reported in referred journals. The results of the field
verification and the resulting laboratory calibration
equations are practical, simple, and cost effective. The
technology could be a powerful tool in the nutritional
management of free-ranging livestock in sub-Saharan
Africa. Other fecal NIRS studies are currently underway
by LEWS to improve the sheep equation, develop a
calibration equation for donkeys, and expand the use of
the NIRS technology for pregnancy testing, mineral
efficiency assessment, and tick stress.

Practical Implications

The NIRS/NUTBAL PRO nutritional management

system is a rapid way to assess the nutritional status of
the free-ranging animal long before the human eye can
detect visible changes in body condition. With the
network of NIRS labs in place and NARS scientists
trained in the use of the NUTBAL PRO system, the
capacity to provide nutritional advisories to pastoral
communities is in place. Solar driers developed by the
LEWS team at Egerton University allow users to
inexpensively (<$35 USD) dry feces on-site, where
electricity is non-existent, without affecting the
predictive capacity of the NIRS system. Fecal samples
can be dried in 48 hours on-site, crumbled into a small
paper envelope, and placed on a bus, matatu, transport
truck, or express taxi for delivery to NIRS labs in each
of the countries with minimal recurring costs to the site
monitor/advisors.

LEWS has been working on practical methods of
reporting the results back to the advisor without relying
on phone, land mail, or fax. One system being
investigated involves assigning a site and sample code to
a text file that is broadcast several times a week via
WorldSpace radios. The NIRS labs have internet
connections and can send text files to the WorldSpace
radio nodes of advisors in the field via containers of


John M
Rectangle





270

R= 0.93 @

260

250

240

230 .

220

Predicted End Weight (kg)

210

g

200

i

180
190 200 210 220

SEp = 5.9 kg

240 250 260 2T

Observed End Weight (kg)

Figure 1: Relationship between predicted end weights using the NIRS/NUTBAL technology and actual end weights
of 15 herds of cattle grazing rangelands in four countries of East Africa.

LEWS collaborating institutions (Arid Lands
Information Network, RANET). This method requires
a satellite radio, converter, and cheap laptop, about $800-
$1000 USD per node. The other method involves use of
SMS text messaging on cell phones, where advisors in
areas with cell phone capacity are provided with the
phones and code system. The NIRS lab then transmits
the SMS text message of sample number, date, CP, and
DOM value at a cost of $.01/sample, plus the initial
cost of the cell phone. Both techniques require a 2-day
training session for the NUTBAL PRO software, and
use of the satellite radios or SMS cell phone.
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Application of Information Communication Technology in
Developing a National Livestock Marketing
Information System: The Case of Kenya

Gatarwa Kariuki and Robert Kaitho
Livestock Information Network and Knowledge System
(LINKS) Project

Marketing remains one of the greatest challenges in the development of the livestock industry in Kenya. In spite of the
emergence of organized market intelligence particularly in relation to prices at terminal markets, the lack of and need for
price information in many of the pastoral areas remains a critical concern by producers, traders and policy makers. The
Livestock Information Network and Knowledge System of the Global Livestock Collaborative Research Support Program
has responded to this need by developing a livestock marketing information system based on information communication
technology that has now been adopted as the basis for developing a national livestock marketing information system
Jor Kenya. The development, testing, implementation and expansion of the system have all been made possible through
collaboration among different stakeholders with interest in livestock marketing information. It is expected that provision
of such information and improvement of the capacity to communicate the same will have a positive effect on market

transactions in terms of improving sales and identifying markets offering better prices.

Background

It is estimated that livestock contributes upwards of 10%
and about 25% to Kenyas GDP (of US$ 10.1 million)
and agriculture sector respectively. Most of the livestock
is produced in the pastoral system and marketed from
the arid and semi-arid areas of Kenya which account for
about 8% of the country’s population and occupy roughly
63% of the tortal land area (Narman, 1990; Republic of
Kenya, 1994). The pastoral production system is one
that essentially derives from the exploitation of forage
and warer to maintain and increase livestock inventory.
The system is primarily geared towards meeting the
subsistence needs of the pastoralists by providing the
major ingredients of their diets and for enhancing
social relationships. However livestock has acquired
a niche in the national, rcgional and global livestock
trading chains and livestock producers are part of the
commercial webs of trade relationships among people
and countries in different locales (Kariuki, 2001). In
spite of its importance and contribution to the national
economy, the development of the livestock industry has
faced numerous challenges. Livestock producing areas
and by extension livestock producers have to contend
with shocks emanating from a host of factors including
threats of droughts, poor marketing and communication
infrastructure, disease outbreaks, insecurity, and a
policy environment that lacks effective institutional
support to production and marketing of livestock and
livestock products as commaodities for trade. The lack of
a transparent, timely, and efficient livestock marketing
infrastructure is recognized as a major factor hindering
the improvement of gains to livestock trade in order to
benefit the national economy through derived taxes and

more importantly perhaps to benefit the communities
of livestock producers (Aklilu, 2002; GL CRSP, 2003).
A reliable livestock market information system is a key
clement in supporting decision-making of other players
such as traders, middlemen and policy makers and
contributes to the development of pastoral areas (Barrett
and Luseno, 2001; Kaitho er al 2004). Provision of
marketing information or the improvement of the
capacity to communicate the same will have a positive
effect on market transactions in terms of improving
sales and identifying markets offering better prices,
identifying market hot spots and where to source for
animals that meet expected quality and health standards
for local and international markets. It is against this
background that the Livestock Information Networlk
and Knowledge System (LINKS) project of the Global
Livestock Collaborative Research Support Program
(GL CRSP) initiated a livestock marketing information
system geared towards addressing the needs for timely
and reliable information for producers, traders and
policy makers in the sub-sector.

History and Evolution - From LEWS to LINKS

In 1997 the GL-CRSP implemented the Livestock Early
Warning System (LEWS) for eastern Africa project
which culminated in the development of spatial models
for assessing and forecasting forage situation as the basis
for providing early warning information for livestock-
based production systems. Through a collaboration wich
the GL-CRSP Pastoral Risk Management (PARIMA)

project, LEWS scientists recognized the need to place
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LEWS technology inside a broader livestock information
and analysis system that is designed to improve livestock
markets and trade. In 2003, the LEWS project evolved
into the LINKS project but continues to generate the early
warning information updated every ten days and used to
produce advisories usable by agencies and communities of
livestock producers. The core program of LINKS focuses
on information technology development, establishing
communications infrastructure and technology, identifying
and developing working relationships with key livestock
marketing authorities, agencies and livestock marketing
associations in  Kenya, acquiring livestock market
information to support the need for market information
and modelling analysis as well as design of potential output

products and delivery systems.

National Livestock Marketing Information
System and its Accomplishments

LINKS has responded to
information needs by designing an
communication technology infrastructure for reporting
and requesting information on livestock sales and

the livestock marketing
information

prices from a network of different markets in Kenya. In
partnership with other collaborators, LINKS has been
integrated into a livestock marketing information system
that facilitates dissemination of information so as to reach
end users in the remote livestock producing areas. The idea
of integrating the system into the activities of the livestock
sub-sector was shared with stakeholders in the sector who,
after collective evaluation, agreed to adopt the system for
developing a National Livestock Marketing Information
System (NLMIS) to cover as many nodes as possible in
the network of key and remote livestock markets in Kenya.
The objectives of the NLMIS are to avail information
through various media to all players in livestock marketing,
establish a livestock marketing database for reference in
planning, research and monitoring of marketing trends,
and to provide early warning information for disaster
preparedness. The activities to achieve these include
training of field data collectors in the techniques of data
collection and reporting and train all stakeholders on
the interpretation and use of information available from
the NLMIS. There is also training on how to download,
analyze and summarize the information for transmission to
end users in a form that fits their requirements.

Figure 1. The system is designed to report and disseminate information based on the following model.
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The NLMIS is run by a committee drawing its members
from stakeholders with interest in livestock marketing
information and a technical arm headed by the Livestock
Marketing Services Division of the Ministry of Livestock
and Fisheries Development. The division is charged with
coordination and administration of the system among the
network of livestock marketing officers and data monitors.
The District livestock marketing officers supervise data
collection and reporting to ensure consistency, accuracy,
and timely reporting by the data monitors and also keep
custody of the hard copies of the data sheets. The data
monitors code the data to text messages that they send
via cellphones to the central data unit which processes the
incoming data, decodes it and submits the output into a
central database (htep://www.Imiske.net ). Using a pre-
paid card, the market monitors can also enter data directly
into the internet through Postasurf, a facility provided
by the Postal Corporation of Kenya and which is now
available at all district headquarters (Jama, et al., 2004).
The LINKS office checks on data accuracy and timeliness
and provides training and technical back up to the network
of supervisors and monitors. There are also a number of
Non-Governmental Organizations (NGOs) that provide
complementary support to improve data collection and
information dissemination. The information is available
to a wide range of users including policy makers,
NGOs, community-based livestock traders and producer
associations and individuals, middlemen and the private
sector. The information is downloaded and could be saved
into a computer so that national institutions can in turn
print it and share it with other users and communities of
livestock producers. The information is also available if
requested through SMS and is also shared by e¢-mail and
posted on billboards at the market places where both
producers and traders can access the same (Kaitho et al.,

2004).

With support from the Kenya Livestock Marketing Council
(KLMC) and the Netherlands Development Organization
{SNV-Kenya), the system has expanded to cover fifteen
major markets. The approach to implementation involves
intensifying awareness on the utility of the system among
potential users and adopting dissemination and training
approaches that reach awide clientele while keeping the costs
of achieving this to a minimum. Involving collaborators in
this process ensures a larger multiplier effect and helps to
build confidence in the use and adoption of the technology.
The system has incorporated a number of attributes to
ensure the effectiveness of livestock market in terms of its
usefulness for producers and traders and also consumers to
make timely informed decisions. These include regular and
consistent reporting on a weekly basis, development of a
grading system based on defined animal characteristics, a
system that transfers data to a central processing unit and
accessing the information through different media. The
system also has the potential to provide information on lag
time involved in transporting animals from one market to

another, the estimated cost involved and ability to forecast
how the markets are likely to perform in the future.
LINKS has made significant contributions in developing a
livestock marketing information system that is acceptable
to a wide array of partners in Kenya. This has been through
training of monitors and end-users of the information,
participating in livestock stakeholders meetings, presenting
LINKS protocols at different fora, developing training and
disseminarion materials, and organizing demonstrations on
the use of the short message service to send and query data.
Over 61 representatives from government, NGOs, private
consultants, and traders have participated in these trainings.
Three presentations have been made at local meetings of
livestock stakeholders and collaborators involving over
70 participants representing 20 different institutions. A
field day demonstrating the use of the system to traders,
government, county council and NGOs scaff was held at
Garissa market where over 500 posters and information
flyers were distributed. This was complemented with a
training session of 14 users with access to the internet. The
institutions involved in implementing the NLMIS now
include Ministry of Livestock and Fisheries Development,
Kenya Livestock Marketing Council, FARM-Africa, Food
and Agriculture Organization Veterinaires Sans Frontiers
(VSF-Suisse), Food for the Hungry International (FHI),
and Terra Nuova Kenya.

Through the Nairobi Support to Emergency Preparedness
and Response office, FAO has madc a major contribution
to the NLMIS by supporting workshops to sensitize a wide
array of stakeholders at the district level. The workshops
were conducted in 14 districts of Isiolo, Marsabit, Moyale,
Mandera, Wajir, Garissa, Samburu, Baringo, Wets
Pokot, Turkana, Kilifi, Kajiado, Narok, and Laikipia,
involving a total of 308 participants representing different
organizations. The major objective of these workshops
was to mobilize stakeholders in the different markets and
districts to expand the NLMIS and solicit further support
for this expansion and sustainability of the system. During
the workshops, a total of 31 other markets were identified
for inclusion in to the monitoring network. Following the
successful district workshops, the stakeholders identified
and nominated persons to be trained as monirors to facilitate
inclusion of the additional markets into the NLMIS. A
total of 20 supervisors based at the Provincial or District
headquarters and 52 other staff drawn from 35 markerts
in 19 districts within four provinces were trained in two
consecutive workshops held in Nairobi. The coordinating
committee of the NLMIS has also developed a proposal for
implementation and expansion of the system.

Conclusion

Basic information communication technology can play a
major role in improving connectivity among markets and
this can help communities of livestock producers identify
markets for their livestock and have improved knowledge



on prices in those markets. Developing the technical and human capacity to meet market information needs and decision
support for livestock producers helps to bridge the gap between markets on the one hand and producers on the other. This
means that producers can make better choices on where to sell their animals and creates leeway to have better bargaining
power with traders. To make this a reality requires support by government in terms of development and adoption of a policy
that guarantees access to information communication technology to a wide clientele especially in the more remote areas where
marketing of livestock is a major activity.
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Increasing frequency of drought occurrences and a decline in the capacity of traditional mechanisms to deal with this
situation is increasingly becoming a serious threat to the livelihoods of a majority of people who depend on livestock. Over
three million people are currently faced with starvation due to the prevailing drought in Kenya. The challenges posed by this
emerging scenario demand that decision makers devise and adopt new ways of dealing with the situation. The collection,
analysis, dissemination and use of early warning information are necessary Jor equipping agencies and communities of
livestock producers with the tools to aid in timely decision-making. This brief demonstrates how the technologies developed
by the Global Livestock Collaborative Research Support Program were able to effectively track the conditions that resulted
to the current drought in Kenya. The analysis is based on information derived from forage conditions and also shows how
this affected livestock condition and prices. It is suggested that equipping decision makers and livestock producers with
early warning tools will belp them make informed choices for moving and marketing livestock and identifying appropriate

options to reduce the risk of asset loss when droughts occur.

Background

Drought constitutes one of the greatest threats to people’s
livelihoods in agricultural and grazing lands throughout
the world. Many areas in the world are experiencing
changing drought frequencies and temporal shifts in
precipitation and temperatures. Chances of drought
occurring in parts of the Greater Horn of Africa have
increased from a probability of one in six years to one in
three years. Repeated occurrences of drought and high
variability in precipitation have reduced the ability of
pastoral communities in the region to maintain their
assets while lack of timely early warning information
has reduced their capacity to respond when conditions
are sdll good. Decision makers in these areas are
finding that traditional coping strategies of farmers,
ranchers and pastoralists are not appropriate for the
changing conditions, thus requiring new innovations
in  characterizing, monitoring, analyzing and
communicating the emergence of drought conditions
in good time.

In recent years, great strides have been made in satellite—
based weather monitoring systems, information and
communication and modeling technologies to allow
integration of spatially explicit, near real-time weather
data acquisition with sophisticated automated modeling
tools to predict the amounts of forage available
within given locations at given times. The Livestock
Early Warning System (LEWS) project of the Global
Livestock Collaborative Research Support Program

led by Texas A&M University developed a spatial
forage-based early warning system since 1997. This
is an automated modeling, Geographic Information
System and communications technology package
where real-time, satellite weather data is used rto drive
a biophysical model known as PHYGROW (Phytomass
Growth Simulator) to produce daily estimates of forage
conditions every 10 days with up to 90-day forecasts
since 1999. The model is the foundation of the LEWS
toolkit designed to monitor the impact of emerging
weather events on forage supply for livestock in the
pastoral regions of eastern Africa. The model uses soil
parameters, plant community characteristics, livestock
traditional management decision rules and weather data
for a particular location to simulate daily forage available
for livestock and other major herbivores. Various geo-
statistical methods and GIS techniques are employed to
produce surface maps of available forage using the point
darta generated through the automation process. Using
the Auto Regressive Moving Average (ARIMA) forage
forecasting technology developed by LEWS (Kaitho et
al., 2003), a comprehensive view of emerging forage
conditions of up to 90 days is updated every 30 days.

Emergence of the Current Drought in Kenya
Available forage and weather data shows that the LEWS

model tracked the forage situation on the ground very
well. The forecasts issued in September 2005 and updated
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monthly had warned of emerging forage scarcity and
subsequently deteriorating animal condition. This forecast
was made before the expected November-December rains
and the forecast tracked very well with the realized rainfall
and forage condition. The areas forecasted to have severe
forage deviations (drought) were in Norcheastern (Mandera,
Whajir, Garissa) Southeastern (Machakos, Kitui, Makueni,
Kajiado) and parts of the Coast province (Kwale, Kilifi).
Most of these areas had experienced consecutive seasonal
rainfall deficits culminating in the drought and lack of
pasture for livestock and therefore the deficient rainfall
experienced during the November-December season
aggravated the drought situation. The monthly forecasts
updates provided in October and December covering
January and February 2006 indicated a rapid decline in
forage conditions as these areas were expected to have
mainly sunny and dry conditions. The Climate Outlook
Forum and FEWS-NET have confirmed that the LEWS
forecast was on target because it clearly indicated the forage
scenario observed. The field dara collected in the project
monitoring sites since 2001 was highly correlated with the
PHYGROW available forage simulated model outputs
(R2=0.96 and SEP=161 kg/ha) (Jama et al., 2003).

Using the dara from January 2001 to December 2005 on
the GO-day forecasts and available forage matching the
forecasts indicated that the ARIMA time series forecasting
methodology provided suitable projections well within
normal sampling errors. The observed R2 and SEP (kg/
ha) values for the 30, 60 and 90-day forecast of grazeable
standing crop were 0.97/83, 0.92/139, and 0.87/185
respectively (Figure 1). The forecasting power decreases as
the time horizon is increased but still remains good even
after 90 days.

Historical Forage and Drought Trends

Many parts of Kenya have been experiencing severe drought
conditions for many months with likely devastating impacts
to many livelihood systems including loss of large numbers
of livestock and lack of food. LEWS forage and deviation
maps indicate that:

*  Many areas in Turkana district have been under
drought conditions since August 2005.

* In Garissa district, some of the sites have consistently
been under drought since June 2004,

* Areas in Wajir have experienced extensive drought
since February 2005.

* In Mandera, emergence of drought started from
November 2005 with the hot spot spreading from
across the border with Somalia.

*  In Makindu, emergence of drought started earlier than
August 2004.

Graphical tracking of forage condition and 60-day forecasts
is available at htep://glews.tamu.edu/africa. Continued
drought in these areas would have far reaching impacts if
no proper intervention strategies are put in place.

Forage Outiook

The forage outlook for the period March to May 2006
produced by GL-CRSP/ LINKS and available at the 17th
Climate Outlook Forum for the GHA bulletin (htep://
www.icpac.net/Forecasts/f GHACOF17/GHACOF17_
statement.html) shows that the forage situation will remain
poor and continue to decline in many parts of pastoral
areas. The specific areas that will deteriorate further include
southern lowlands, North Eastern and Turkana in Kenya.
Forage conditions are expected to improve in South Rift
Valley in Kenya. The 60-day forecasts by the LEWS team
indicate no relief from these conditions for the next 2
months.

Livestock Marketing Information

Since September 2005, cattle prices in all the primary
markets have decreased significantly (LINKS, 2006). The
market trend analysis by GL-CRSP/ LINKS shows a price
drop in December. This could be associated with a large
number of animals taken to the market on the same week
after the drought signal was raised leading to a drop in price
due to high supply as compared to demand. Livestock prices
reflect animal grade and condition. For instance in Wajir,

Figure 1. Relationship between observed and predicted 30, 60 and 90-day forage forecasts from Jan 2001 to Dec 2005,

30-d forage forecasts

7000 —

y=09992x
R?=0.9282

y=1.0023
R?=0.9714

Predicted (kg/ha)
Predicted (kg/ha)

0 W0 200 30 4000 500 G000 7000 0 00 2000
Observed (kg/ha)

60-d forage forecast

Observed (kgfha)

90d forage forecasts

y=0.9927x
R*=0.8708

5000

8

4000 5000 6000 o0

Observed (kgha)



animal  condition  started
deteriorating to a point where
the market was dominated
by grade 3 rather than grade

2 animals and prices were
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with animal condition which
is affected by, among others,
forage availability. Declining
livestock prices in the markets therefore reflect deteriorating
animal body condition and as the situation worsens animals
start dying. Very high livestock mortalities due to shortage
of forage and water have been reported in many areas whilc
the prices of cereals particularly maize have been rising
(KESMG, 2006). Due to the weakening pastoralists” terms
of trade for cereals therefore, malnutrition rates arc expected
to rise among the chronically food insecure populations
in the pastoral areas. This scenario strengthens the case
for providing timely flow of early warning information to
livestock producers to equip them with choices for making
better decisions to move and market livestock during both
normal and distress periods so as to minimize the risk of
having their livelihood assets decimated.

Dissemination Channels for the Early Warning
Information

The forage early warning information is distributed through
various channels such as WorldSpace radio (via ALIN and
RANET conminers), internet and email and monthly
situation reports. In addition, LEWS contributes to the
FEWS-NET GHA Food Security Bulletin and the Climate
Outlook Forum for the GHA Bulletin. With partners,
efforts are under way to identify ways of improving the
packaging and dissemination of the information to insure
it reaches a wide range of users in easily understandable
forms at the appropriate place and time. The aim is to
integrate the forage-based spatial livestock early warning
system into the food security analysis and early warning
system throughout the pastoral and mixed farming regions

of Kenya.
Conclusion

The GL-CRSP has now infused two valuable tools into
the eastern Africa region which if used in a timely way
by decision makers should offer substantial lead time to
make rational decisions on how to respond to threats of
drought.  When coupled with market indicators from
the newly established livestock marketing information
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Figure 2. Livestock prices in Wajir market, Kenya.
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system that spans several countries, decision makers are
not only getting a local but also a regional picture of the
plight of pastoral people. The challenge is to strengthen
the use of the livestock early warning and marketing
information systems in key organizations and broaden the
coverage and dissemination among pastoral communities.
Equipping agencies and communities with appropriate
tools and information will help them plan for and respond
to emerging drought sicuations. This is based on the firm
belief that if the right institutions and mechanisms are
put in place, most drought-associated disasters cthat are
currently facing many communities could be mitigated,
providing communities with sustainable means of meeting
the demands for food and other basic necessities of life so
thar they can be part of the global vision of achieving the
Millennium Development Goals.
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Kenya Adopts LINKS Technologies to Provide
Information for the National Livestock Marketing

Information System

Gatarwa Kariuki and Robert Kaitho
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(LINKS) Project

The lack of and need for price information in many of the pastoral areas of Kenya remains a critical concern by producers,
traders and policy makers. This in spite of the emergence of organized market intelligence particularly in relation to prices
at terminal markets. In the past a number of livestock marketing information systems initiatives have been implemented
in Kenya but with limited coverage, accessibility and use. LINKS has developed a livestock marketing information system
based on information communication technologies that has now been adopted as the basis for developing a national
livestock marketing information system for Kenya, implemented in collaboration with the Ministry of Livestock and
Fisheries Development and a number of development partners. From an initial three markets it now covers 15 main

markets and is still expanding.

Introduction

There is renewed institutional focus on improving
livestock market information, infrastructure and
efficiency to address the needs of livestock keeping
communities to improve cash income from the sale of
livestock and livestock products. Due to insufficient
information, pastoralists or traders cannot plan or
justify incurring certain marketing costs in the face of
uncertain receipts. If information is limiting, providing
information through regular and timely price broadcasts
may have significant, positive effects. From both a
research and development perspective, there is general
consensus that livestock marketing information plays
a role in influencing decisions to dispose of livestock
not only for local consumption, but also through
the market chain. The latter avails opportunities for
livestock keepers to generate income to meet the
exigencies of pastoral livestock households and in the
process contribute to poverty reduction and improved
livelihoods (Mbogoh et al. 2005). The effectiveness of
livestock market information is measured primarily in
terms of its usefulness to producers and traders and
also consumers in helping them make timely informed
decisions  (Aklilu, 2002). Evidence-based analysis
also shows that market information reduces risks in
marketing (Bailey et al. 1999). A number of factors
influence access to information: these include distance
to markets; cost of collecting and analyzing the data and
disseminating the information; availability, access, and
cost of informartion and communication infrastructure;
and the utility of that information in aiding decision
making. The advantage that traders may have over
producers can best be eliminated through enhancing
competition and maintaining marketing infrastructure

and information systems. If producers have access to
improved information systems, they can bypass a number
of middlemen for price mediation, and link more directly
to consumers and hence increase their share of the final
product value. Colby (1990) supports the argument that
if livestock producers have to strengthen their position
against buyers, they have to check on prices and general
market conditions before selling.

Past and Current MIS Initiatives

In the past, a number of Market Informarion Systems
(MIS) schemes aimed at smallholder farmers and
pastoralists have been attempted throughout Kenya. The
United Nations Development Program (UNDP) started
a MIS in 1978 dealing with the main markets in Kenya
until 1991 when United States Agency for International
Development (USAID) funded the Kenya Marketing
Development Project, including the MIS system,
until 2000. These MIS systems contained little or no
information on livestock. Beginning 2000, the Inter-
Governmental Authority on Development (IGAD)
supplied information on a range of commodities but no
data on livestock or their products other than egg prices
were reported. With support from the German bilateral
agency Gesellschaft fiir Technische Zusammenarbeit
(GTZ), the Marsabit Development Project funded the
collection, processing, and dissemination of livestock
market information in the then Marsabit district
for several years. The dissemination process was not
extremely intensive, but traders appeared to have used
it extensively (Bailey et al, 1999). The information was
broadcast by radio in two local languages but because
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of the limited number of radios among the pastoral
communities, these radio broadcasts had limited impact
(Bailey et al, 1999). Efforts to have the local county council
and traders support the dissemination of the information
by charging five (5) Kenya shillings (approximately 7 US
cents) for each head of cattle sold did not bear fruit eicher;
the MIS became unsustainable and was abandoned.

Within the then Ministry of Livestock Development,
livestock marketing officers collected data and sent a
report at the end of each month. This data would then
be synthesized to a monthly report which also allowed
animal owners to advertise if they had animals to sell.
This reporting system however collapsed in early 1990s.
A study by Colby (1990) indicated that although the
division had then been in existence for more than 15 years
and livestock marketing information was one of its core
businesses, there were no reports or studies showing if and
how this information had been used in decision making
and if so what the impact had been on the livestock sector
and pastoral livelihoods. Berween 1990 and 1996 the
Ministry, with support from the Overseas Development
Administration (now the Department for International
Development) of the United Kingdom, implemented the
Rural Services Design Project in the districts of Kajiado
and Narok in southern Kenya. Within the marketing
component, monitors collected data on all the days when
the markets were active. Each market monitor then relayed
the data through VHF radios to Nairobi, where all the data
was compiled to a single unit and relayed back to all the
reporting sites. The service was discontinued after some
eight months on the basis that information was limited in
coverage and was not adequate to have a significant impact
in the narional livestock marketing sphere. In addition,
the initiative was dogged by challenges including lack of
transport for monitors some of whom had to travel more

than 50 km to reach the markets.

The NGO Swiss Vétérinaires Sans Frontiers (VSF-Suisse)
initiated a project for gathering and disseminating livestock
market price information in Somalia and districts in
northeastern Kenya. Mostly, transmission of information
was done via telephone, fax, internet or spot delivery
(mainly in Nairobi). Data was supposed to be processed
daily in the VSF-Suisse regional office in Nairobi and sent
back to the different markets the same day by use of SMS
and posted on bill boards that are placed at the market
centers, a claim that was never fulfilled. With support from
the World Bank, the Arid Lands Resource Management
Project (ALRMP) also initiated a project that included
gathering information from markets daily for onward
rransmission to ALRMP headquarters in Nairobi, where it
was to be analyzed and transmitted to the districts at a cost,
in local languages, by Kenya Broadcasting Corporation,
leading to delays of reporting this information. Apart
from insufficient funding, it was argued that the MIS

was not sustainable because accurate information was not
forthcoming and secondly the information was already
available to the traders who were able to transmir it to
their counterparts at the district level. To serve the needs
of producers it was proposed that users associations be
strengthened and empowered to collect and disseminate
livestock marketing information. The Kenya Livestock
Marketing Council (KLMC) was formed for this purpose.
Recently the African Development Bank released funding
for a livestock and rural livelihoods support project to be
implemented in 22 districts in the arid and semi arid lands
of Kenya through the Ministry of Livestock and Fisheries
Development (MoLFD). A marketing information network
is one of the program’s key interventions to address the
need for timely and quality information decision making.

Coordinating efforts to develop National
Livestock Marketing Information System
(NLMIS)

LINKS has responded to the livestock marketing
information needs by designing an information
communication technology infrastructure for reporting
and requesting information on livestock prices and sales
volumes from a network of different markets in Kenya.
In partnership with other collaborators, LINKS has been
integrated into a livestock marketing information system
that facilitates dissemination of information so as to
reach end users in the remote livestock producing areas.
To avoid duplication in data collection, stakeholders
agreed to establish a coordinated effort with the aim of
minimizing cost and necessity of having more than one
system of collecting the same data. The objectives of the
NLMIS are to avail information through various media
wo all players in livestock marketing, establish a livestock
marketing database for reference in planning, research
and monitoring of marketing trends. The information is
available to a wide range of users including policy makers,
NGOs, community-based livestock traders and producer
associations and individuals, middlemen and the private
sector. The information is available on request fusing
cellphone SMS and email. It is also available on the web at
htep://www.Imiske.net. The information is downloadable
and could be saved into a computer so that national
institutions can in turn print it and share it with other
users and communities of livestock producers. Building a
strong foundation in reliable technology and fundamental
institutional buy-in has positioned the LINKS project o
enter the next phase of challenges and issues that need to

be addressed to ensure stability of the system.

As part of its contribution, FARM-Africa supported a
workshop that was held in Nairobi bringing together
participants from the private sector, development agencies,

non-governmental  organizations,  community-based



organizations and the public sector. The specific objectives
of the workshop were to: 1) create awareness about the
existence of a national livestock markering information
system and its functioning, ii) give an opportunity to
suggest ways to improve the system and, iii) chart the way
forward in the area of long-term financing of the system
for sustainability. In the opening speech read on his behalf
by the Permanent Secretary, the Minister for Livestock
and Fisheries Development noted that technology had
changed tremendously ushering in the age of the internet
and mobile telephony, and that the future of market
information is certainly brightened by this development in
the information communication infrastructure. He called
upon the stakeholders at the forefront of implementing
and expanding the NLMIS to explore ways and means of
sustaining the system through self-financing. He singled
out the Ministry of Local Government that is in-charge of
local authorities in the country as one of the institutions
that are well equipped in the area of revenue collection
in livestock trade and part of that revenue could assist in
financing the system.

Accomplishments

The approach to implementation and expansion of the
NLMIS involves intensifying awareness on the utility of the
system among potential users and adopting dissemination
and training approaches that reach a wide clientele while
keeping the costs of achieving this to a minimum. Involving
collaborators in this process ensures a larger multiplier effect
and helps to build confidence in the use and adoption of
the technologies. The system has incorporated a number of
attributes to ensure the effectiveness of livestock markets
in terms of its usefulness for producers and traders and
also consumers to make timely informed decisions. These
include regular and consistent reporting on a weekly basis,
development of a grading system based on defined animal
characteristics, a system that transfers data to a cenrral
processing unit and accessing the information through
different media. The system also has the potential to
provide information on lag time involved in transporting
animals from one market to another, the estimated
associated transfer costs, and ability to forecast how the
markets are likely to perform in the future. LINKS has
made significant contributions in developing a livestock
marketing information system that is acceprable to a wide
array of partners in Kenya. A special training program
will also be developed for livestock traders via their trade
associations throughout the country to assist in effective
use of the information for their decision making processes.
A follow up survey will be conducted to determine how the
NLMIS is impacting on decision making processes for the
different groups of users.

Conclusion and Policy Implications

The world is fast accelerating along the information
superhighways. Access to mobile telephony and internet
helps to alleviate rural isolation and this contributes
to development. Delivery, consumption and use of
reliable, accurate and timely information at the producer
level, coupled with knowledge about market prices in
other markets, is expected to enhance the capacity of
livestock producers to negotiate for better prices for
their livestock. To make this a reality however requires
support by stakeholders in terms of development and
adoption of policies that guarantee access to information
communication technologies and infrastructure to a
wide clientele especially in the more remote areas where
marketing of livestock is a major activity contributing to
the social, cultural and economic needs of their inhabitants.
This should be complemented with policies thar facilitate
the production and supply of animals that satisfy sanitary
and phytosanitary standards for export markets to meet
the increasing demand for livestock-based products being
fuelled by population growth, urbanization, and income
growth in developing countries.
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Market integration occurs when product flows between markets are on the same terms and conditions as within markets.
A bighly integrated commodity market is likely to increase marker efficiency through efficient resource allocation and price

transmission, which is likely to lower transaction costs and increase incomes to actors. Price data collected by the Livestock
Information Network and Knowledge System (LINKS) project of the Global Livestock Collaborative Research Support
Program led by Texas A & M University were used to assess the degree of livestock market integration by testing whether
livestock prices in Nairobi and pastoral areas of Garissa and Isiolo are cointegrated or move together. Dara from livestock
traders’ survey done in Nairobi and Garissa were also used to examine market characteristics. Key findings indicate that all
the three livestock markets exhibit non-stationarity (stavistical parameters are dependent on time) and integration of order
one and that, whenever there is shock to the price in one market it will be manifested in the other market as well.

Background

Pastoral communities are dependent upon and bound to
livestock. Livestock provides pastoral communities with
food (meat, milk and blood), income (sale of livestock
and livestock products), self-employment opportunities
and in addition serves as an important store of wealth,
insurance and prestige. The pastoral system is primarily
geared towards meeting the subsistence needs of the
pastoralists by providing the major ingredients of their
diets and for enhancing social relationships. However
livestock has acquired a niche in the national, regional and
global livestock trading chains and livestock producers are
part of the commercial webs of trade relationships with
livestock providing the means for financing their basic
needs expenditures (Barret and Luseno, 2001; Kariuki,
2001). Understanding the pastoral livestock markets is
key to development of arid and semi-arid areas of Kenya
which account for about 8% of the country’s population
and occupy roughly 63% of the total land area (Narman,
1990; Republic of Kenya, 1994) and developing the

pastoral livestock markets is key to poverty alleviation.

Market integration occurs when product flows between
markets are on the same terms and conditions as within
markets. A highly integrated commodity market is
likely to increase marker efficiency through efficient
resource allocation and price transmission, which is
likely to lower transaction costs and increase incomes
to actors. Moving towards market integration is done
by removing barriers towards commercial exchange. The
three kinds of barriers are natural, cultural (language,
information, preference) and political. Barriers create a
wedge berween prices, tariffs are added to prices, quotas

create shortages that drive price up and transportation
costs raise prices. Price convergence is one of the four
measures of integration, the other measures are factor
markets, trade volumes and product availability.

This study was set to find out if the pastoral livestock
markets are cointegrated (move together and have a
long run relationship). The markets under study were
Nairobi, Isiolo and Garissa livestock markets. The study
hypothesised that Isiolo, Garissa and Nairobi goat price
series are non-stationary (the statistical parameters are
dependent on time) and that pairs of categorised livestock
markets (Isiolo and Garissa, Garissa and Nairobi, and
Isiolo and Garissa) are not cointegrated.

Methodology

Primary data was collected through a livestock taders’
survey by use of a structured questionnaire in Garissa
and Nairobi markets. A purposive random sampling
procedure was used to come up with the desired livestock
traders to be interviewed. Secondary data used was time
series price data collected by the Livestock Information
Nerwork and Knowledge System (LINKS) project of
the Global Livestock Collaborative Research Support
Program led by Texas A & M University. The traders’
survey data was entered and analysed using the statistical
package for social scientists (SPSS) software, while the
time series livestock price data was entered in Ms-Excel
and analysed in Econometric Views (EViews) software.
The following steps were followed during analysis; the
livestock price series for Nairobi, Garissa and Isiolo
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were tested for stationarity using the Augmented Dickey-
Fuller (ADF) unit root test. After confirmation of non-
stationarity the price series were tested for cointegration
using the Johansen method (1988).

Results

Descriptive analyses done on the traders survey data provide
information on the market characteristics indicated that
most pastoral livestock markets were under the control of
localauthorities in terms of the general management. Traders
pay market cess to the local authority for maintenance of
various facilities. Livestock trade is done by men in the
most productive age bracket of 15 to 49 years old. The
mean age of the livestock traders interviewed was 40 years.
Maasai and Somali are the predominant tribes supplying
livestock to Nairobi and Garissa markets respectively. All
of the goats and sheep traders interviewed operating in
Nairobi market also operate in other markets as well.

Cattle brought to Garissa market are sourced from Wajir
district and a few from within Garissa while the small
stock like sheep and goats are from within Garissa district,
areas of Dadaab, Modogashe and Shantaabak. Trekking
is the most preferred mode of transporting animals to the
market. At Dagorreti market in Nairobi, most stocks are
from Narok, while another smaller percentage come from
Ewaso Nyiro and Kajiado. However, the small stock (goats
and sheep) are sourced from Wajir, Marsabit, Garissa,
Somali and Samburu. In the Nairobi market, most goats
and sheep are brought by trucks.

Most of the traders interviewed preferred to use information
from people known to them at a personal level in the
business, 60% in Garissa and 80% in Nairobi. However,
in the marketing chain, brokers are also used in selling
and sourcing animals at an agreed fee. The brokers reduce

the search and negotiation times in buying and selling of
animals. The brokerage fees for selling a goat or sheep is Ksh
20 while that for cattle is Ksh 100. In general, a livestock
trader incurs the costs in the course of livestock trading:
storage, transport costs for trekking and trucking animals,
market cess, loading and offloading costs. Since most of
the animals go straight to the next market after sourcing,
only 25% of the traders spent money on storage which was
on average between Ksh 250 and 750. Transportation to
the terminal market was cited as a major cost to the trade.
Tt costs from between Ksh 18,000 to Ksh 25,000 to hire a
ten ton lorry load of cattle or sheep from Garissa or Isiolo to
Nairobi irrespective of the number of animals on the truck.

The livestock price trend analysis showed that Nairobi
cattle and goat prices were higher than Garissa and Isiolo
prices during the period under study (February 2003 to
December 2004). Nairobi cattle and goat prices were even
higher during the months when Garissa and Isiolo markets
were under quarantine. Econonometric analysis (Eviews)
shows that Nairobi, Garissa and Isiolo time series price
data are non-stationary and are integrated of order one.
The cointegration tests using Johansen procedure (Table
1) show that there is cointegration between Isiolo and
Nairobi goat markets as well as Garissa and Nairobi goat
markets and no cointegration between Isiolo and Garissa
markets. The presence of cointegration indicates a long
run price relationship in the markets, revealing that the
prices will move together overtime and converge towards
equilibrium in the long run. The results also show that
a shock to the price in one market will manifest in the
other market as well. The absence of cointegration between
Isiolo and Garissa goat markets which are both source
markets feeding Nairobi indicate that the two markets
are independent of each other and have no long run price
relationship. Consequently, a price shock in Isiolo does not
mean a corresponding reaction in Garissa market.

Table 1. Johansen cointegration procedure of Nairobi, Garissa and Isiolo goar markers,

Goat market Category Eigenvalue | Likelihood Ratio (LR) Hypothesized No. of Reject or Accept
Cointegrating Equations | the Null Hypothesis

Nairobi and Isiolo One 0.25 23.02 None Reject
Nairobi and Isiolo One 0.06 423 At most one Accept
Garissa and Nairobi Two 0.23 23.90 None Reject
Garissa and Nairobi Two 0.09 6.83 At most one Accept
Isiolo and Garissa Three 0.12 13.03 None Accept
Isiolo and Garissa Three 0.06 4.60 At most one Reject
5% critical values 19.96
5% critical values 9.24
Source: Authors calculation 2004




The cointegration relationship and vector error cotrection
model showed that Isiolo and Garissa market prices have
a positive long run relationship with Nairobi goat market
prices.

Granger Causality tests were done on the market prices.
The test for Granger Causality involves cxamining whether
lagged values of one series have significant in-sample
explanatory power for another variable. Granger Causality
showed that Isiolo goat prices granger cause Nairobi prices
but not vice versa and that Garissa does not granger cause
Nairobi prices. This provides a proof of the direction of
price flow from the source market to the terminal marker as
it implies that whenever there is a positive change in Isiolo
goat marlket, the Nairobi goat markert reacts to that change
positively. The goat volumes from Garissa market is not
large enough to affect the Nairobi market prices.

Conclusions

The main conclusions from the study are that Isiolo
and Nairobi, and Garissa and Nairobi goat markets are
cointegrated and have a long run price relationship.
However, the direction of the relation differs. Isiolo
and Nairobi have a positive long run relationship while
Garissa and Nairobi have a negative long run relationship.
Consequently, whenever there is shock to the price in one
marker it will be manifested in the other marker as well.

Practical Recommendations

*  The goat and cattle price trend shows that whenever
the government imposes quarantine in the source
markets, then the terminal market prices go up. For
example, Nairobi prices rose up when Isiolo and
Garissa markets were on quarantine.

* Since the source markets (Garissa and Isiolo) have
a long run relationship with the terminal markets
(Nairobi}, it is important for the government to focus
on development of these source markets especially for

supply to Nairobi.

* Results showed that there is positive cointegration
between Isiolo and Nairobi goat market. This means
that if Isiolo goat prices go up, then Nairobi goat prices
will also increase.

*  Survey results indicate that trekking is the most
preferted mode of transport for cattle to the primary
markets in Isiolo and Garissa markets hence the
government and other development agencies should
focus on developing the stock trekking routes to
include watering points.

*  Reducinglorry transport costs means increased incomes
for the pastoral communities. The government should
look into ways of reducing the cost of diesel as well as
investing on having better road networks.
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Expansion of LEWS Activities in Ethiopia
Under the Pastoralist Livelihoods Initiative (PLI)
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In the recent past, pastoralists of Ethiopia have become increasingly food insecure and vulnerable to drought and other
shocks. This trend is corroborated by high levels of food aid and evidence thar coping mechanisms are weakening. Through
a Pastoralist Livelihoods Initiative (PLI) that began in October 2005, the USAID-Ethiopia Mission supported Ethiopia
in undertaking wrgent and timely interventions to respond immediarely to emergencies and to improve livestock production
and early warning systems targeted at reducing the prospect of disasters due to recurrent droughts (USAID, 2005). The
Livestock Information Network and Knowledge System (LINKS) project is one of the multiple partmers that contributed
significantly to the implementation of the PLL. This brief describes the contribution of the LINKS project towards the
establishment and strengthening of the capacity of the Somali and Afar regional states of Ethiopia to institute and manage
region-wide district-based pastoral livestock Early Warning Systems (EWS).

Background

ThePastoralist LivelihoodsInitiative (PLI), implemented
through a collaboration of the Government of Ethiopia,
private sector, non-govermental organizations (NGOs),
and universities was a project focused on strengthening
livestock-based livelihoods through a variety of proven
interventions including: early market purchase of stock
before severe drought; restocking with improved breeds
of small ruminants (sheep and goats), while improving
productivity of existing breeding stock; and by exploiting
immediate opportunities for long term livestock market
development (including policy reform and public/
private partnerships for systems improvement).

The PLI sought to urgently address the needs of an
increasingly vulnerable population made so by climatic
conditions (i.e. drought and lack of access to markets).
The overall objectives of the PLI is to mitigate the
impact of drought and other shocks by sustainably
improving the preparedness, livelihoods and incomes of
pastoralists.

The Pastoralist Livelihoods Initdative has four
intermediate result-oriented objectives:

1. Optimization of stocking rates and production of
livestock in the extensive grazing areas of the regional
states of Somali and Afar and the pastoral lowlands of
the regional state of Oromia;

2. Preparation of pastoralists for droughts and other
shocks through the establishment of livestock specific
early warning and response mechanisms in Somali and

Afar;

3. Increase of income for pastoralist through efficient off-
take of livestock and animal products from the pastoral
areas of Somali and Afar and the pastoral lowlands
of Oromia due to improved access to well-organized
livestock markets; and

4. Harmonization of technical and policy processes to
support the strengthening of pastoralist preparedness,
livelthoods, and incomes.

Under objective two above, the GL-CRSP Livestock
Information Network and Knowledge System (LINKS)
project was awarded funding from the United States
Agency for International Development (USAID) to
undertake technology transfer in order to implement the
Livestock Early Warning System (LEWS) technology
suite, developed by the LINKS team of Texas A&M
University, in the Afar and Somali regions of Ethiopia.
The overall goal of this objective was to reduce the
vulnerability of the populations of Somali and Afar to
food insecurity and related hardships by improving the
regional capacities to monitor and analyze food and
livelihood security information and to advocate for
timely and appropriate responses.

The LINKS project has developed a suite of tools for
monitoring the impact of emerging weather events on
livestock forage supply in the pastoral regions of eastern
Africa. Of particular note is the Livestock Early Warning
System (LEWS) technology. LEWS is a robust suite
of automated technologies that utilize satellite based
weather data, Normalized Difference Vegeration Index
(NDVI) data, and geo-referenced measured vegetation
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sites scattered across East Africa to monitor deviation in
forage production for livestock compared to long-term
data with projected 90 day forecasts provided every 10 days
to an array of collaborating institutions. LEWS utilizes
the Phytomass Growth Model (PHYGROW- Rowen,
1995) as the foundation, whose primary inputs include
soil parameters, plant community characteristics, and
livestock management decision rules, which are driven by
gridded weather data for a particular location to simulate
daily forage available for livestock and wildlife (Stuth et al,,

2003 and 2005).

The LINKS project ‘worked in partnership with Save
the Children-UK (SC-UK) to establish an effective and
sustainable district-level food and livelihood security
monitoring and early warning system (EWS) within Somali
and Afar, focused on triggering timely and appropriate
responses. The objective of the proposed EWS was to
strengthen the capacity of the Somali and Afar Regional
Disaster Prevention and Preparedness Food Security
Bureaus (DPPESBs) to establish and manage region-wide
district-based pastoral EWSs that are linked to appropriate
and early responses through a food and livelihood security
monitoring, reporting, analysis, and dissemination system.
Such a system was proposed to complement the Ethiopian
government’s Federal Disaster Prevention and Preparedness
Commission’s efforts to establish a livelihood-based EWS
in the country. The role of LINKS in the consortium
was to augment and bolster the content of early warning
information and products produced for and by the PLI
by offering a robust suite of livestock early warning and
livestock market information products and technologies,
and complement partner activities from SC-UK. The
products that LINKS continues to provide include: current
and forecasted forage production for livestock, generated
automatically from satellite based weather data; NDVI
data; and geo-referenced measured vegetation. This forage
production information is delivered every 10 days via the
Internet, along with monthly reports of 30, 60, and 90
day forecasts for forage production. The livestock market
information avails near-real time weekly market prices and
supply transaction information for key markets, as well as
an updated analysis and synthesis of market trends as they
relate to the food security situation of pastoral areas.

Justification. Presently, SC-UK utilizes the Household
Economy approach (the sum of household income and the
exchange value of its labour and other assets) to estimate the
impact of a ‘shock’ on the ability of a household to acquire
food and non-food goods. This information is used to
manage threats to food security through provision of timely
and analytical early warning and vulnerability information.
The process involves the monitoring of key indicators and
response triggers that are physically observed in the field on
aregular basis and tied to a “warning stages” categorization.
These indicators include forage standing crops that must

be physically observed on a regular basis. The livelihoods
assessment requires actual regular physical visits to the field
by monitoring experts. In order to undertake assessments
and determine standing forage conditions in comparison
to the norm, eye-ball estimations of deviation from a single
reference “normal” year over the last ten-year period are
carried out by the monitors. This methodology poses some
practicaland methodological challenges towards monitoring
forage conditions. Insecurity and denial of access due to
the insecure nature of the pastoral environments makes
regular visits difficult. Sampling may also be difficult and
compromised due to poor accessibility rendering regular
return assessments impractical. Physical monitoring by
individual monitors in different locations introduces
individual biases leading to lack of standardization of the
survey outputs for comparison among and across multiple
Jocations or areas. Furthermore, a lack of long-term
insticutional memory (both due to regular staff transfers
and human cognitive remembrance abilities) makes the
process of objective determination of deviations of current
forage situations in comparison to long-term normals near
impossible.

The LEWS technology suite addresses these issues by
providing a scientifically grounded empirical basis for
determining forage standing crop conditions. Furthermore,
given the fact the monitoring is an automated process, the
information and data about forage conditions have been
stored in a database since 1961, meaning determination of
deviation of current forage situations can be calculated on
the fly. Once the forage model has been set-up, no furcher
regular visits are required as the model automatically
generates new forage information based on changing
climatic variables that are automatically captured from
satellite weather information of various web-repositories.
The information is generated in near real-time, providing
statistical predictions and an insight into future forage
conditions.

Methodology

The expansion of forage monitoring locations arose from
the need to fill critical gaps in the LEWS monitoring system
in Ethiopia. After careful analysis, it was determined that
at least 50 monitoring points were required in the Somali
region, with 25 more in the Afar region in order to create a
well balanced distribution of monitoring locations that will
provide a much more objective and robust representation
of vegetation/land use classifications, and thereby forage
production units. The expansion of monitoring locations
enhances the accuracy of the LEWS forage monitoring
and early warning products by increasing the sampling
frame and therefore the representation of the heterogeneity
of landscapes of interest. The bulk of the activity was
undertaken between October 2005 and September 2007.
The field activities involved field characterization of



dominant plant species, characterization of the dominant
soil series, gathering information on plant preferences
by animal types, stocking rates, and traditional grazing
decision rules. Each monitoring site was geo-referenced and
linked with both rainfall data and Normalized Difference
Vegetation Index greenness data for the region. Once the
vegetation information was entered and stabilized into
the PHYGROW model, weather data information and
NDVI coordinates were set up and associated with each
monitoring site to produce forage standing conditions for
analysis and forecasting.

Significant Outputs

Like crop production, forage production is a supply
indicator. The livelihood security of pastoralists relies not
only on forage production, but on access to that forage.
Sufficient forage production does not guarantee that all
pastoralists have forage entitlements. Pastoralists’ forage
entitlements are determined by other factors, such as land
tenure, infrastructure, borders, and conflict. Nevertheless,
if forage production is poor, the impact on pastoral
livelihoods can be substantial.

The project saw the completion of the expansion of
vegetation monitoring locations in Somali and Afar. Over
eighty new sampling sites have now been established to
complement previous existing monitoring locations. The
forage production information being generated at these new
locations has been integrated into the forage early warning/
forage monitoring system and has tremendously improved
the accuracy of the forage production information being
generated for Ethiopia.

The information collected has formed a solid foundation
for the development and targeting of suitable early warning
interventions in the pastoral areas of Ethiopia. Accurate
targeting of emergency interventions to monitor and
protect pastoral livelihoods and reduce the requirements
for emergency assistance is currently being achieved by
use of the forage monitoring/early warning information
generated by a number of emergency intervention
institutions working in Ethiopia including: DPPFSBs,
USAID, SC-UK, Famine Early Warning Systems Network
(FEWSNET), and the World Food Programme (WEP),
among others. Detailed region-specific maps of forage
conditions are now being produced for both Somali and
Afar every ten days, information that is currently being
integrated in routine food security monitoring activities
and the reporting of the respective regions’ food security
agencies. With the increase in monitoring locations, many
users and stakeholders have developed confidence in the
new set of products, including maps of forage production,
proving that the information is both scientifically and
practically sound, capable, and accurate enough to be used
for both early warning and planning purposes.

Practical Implications

Livestock entitlements are the most important assets
for pastoralists, while livelihood strategies such as herd
management, cmployment and migration  patterns,
marketing patterns and income generating activities
determine how pastoralists cope with advancing drought. A
forward-looking social protection system needs to intervene
carly, ideally right after a weather shock, which in the case
of Ethiopia tends to be lack of rain during critical months.
Rainfall and forage monitoring are very useful in the early
detection of emerging problems for pastoralists. Employing
techniques such as LEWS, monitoring can be carried out
cheaply and cost effectively for large areas, through remote

sensing and biophysical modeling techniques.

The LEWS forage monitoring products supply a
comprehensive set of carly warning indicators that provide
accurate information to trigger responses to drought
conditions and acute food insecurity, as well as useful
input for post-emergency interventions and development
planning.

With the improvement in confidence gained from the
expansion of monitoring locations, the LEWS products
have been targeted as the technology of choice for use in
an early livelihood protection index being developed in the
pastoral areas of Ethiopia (Hess et al., 2006), and LEWS
technologies are also being integrated into a risk financing
strategy established by WFP, DFID (UK Department for
International Development), and the World Bank.
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Assessment of Livestock Market
Information Systems in the Highland Regions of Ethiopia
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The lack of properly functioning markets has been pointed our as one of the key issues underlying the recurrent food crisis
in Ethiopia and in other countries in the eastern Africa region. Many issues and constrainis need to be tackled ro create
an efficient livestock marketing system. The absence of livestock market information is one such constraint facing livestock
producers in Ethiopia in their efforts to earn a fair return from the sale of their livestock. Access to market information
enables these producers to seek out and compare the information available for different market outlets and to realize
the full potential profit by getting the best prices. The Sanitary and Phyto-sanitary Standards and Livestock and Meat
Marketing (SPS-LMM) program of the lexas Agricultural Experiment Station commissioned an assessment of the livestock
market information systems in the highland regions of Ethiopia. The main objective of the assessment was to determine
the prevailing status of Livestock Marker Information Systems in these areas and subsequently help identify opportunities
and constraints towards the development of a unified national livestock marker information system in Ethiopia. This brief
describes the findings of this assessment study carried out by the Livestock Information Network and Knowledge System
(LINKS) project of the Global Livestock Collaborative Research Support Program (GL-CRSP), in collaboration with the

SPS-LMM project.

Background

Livestock marketing information is needed to improve
decision making at all levels in the livestock industry and
to enhance the competitive position of the Ethiopian
livestock industry in international markets. The skewed
access to livestock market information towards traders
means that rural livestock producers have little or no
knowledge of prevailing prices in different regions, and
as such, they are unable to fetch the best possible prices
for their livestock (Mukhebi, 1999).

Irregular and sporadic livestock market data collections
have been going on in many of the eastern African
countries for a long time, primarily as components of
development projects such as the Arid Land Resource
Management Project (ALRMP) in Kenya, the Tanzania
Livestock Marketing Project (TLMP) in Tanzania, and in
government ministries and by NGOs (CARE-Ethiopia)
in Ethiopia. The Livestock Information Network and
Knowledge System (LINKS) project, implemented by
the Texas Agricultural Experiment Station (TAES) at
Texas A&M University (TAMU), and the Livestock
Market Information System project of the USAID-
funded Southern Tier program of the Department of
Livestock and Fish Marketing of Ethiopia’s Ministry of
Agriculture and Rural Development (MoARD) initiated
one of the first attempts at establishing a National
Livestock Market Information System in Ethiopia.

In recognition of the successful attempts by the LINKS
project to implement a Livestock Market Information

System in the pastoral areas of Ethiopia, the SPS-LMM
project of TAES- TAMU commissioned a study to assess
livestock market information systems in the highland
regions of Ethiopia with the objective of gaining an
insight into the existing livestock market information
systems there, and informing next steps for the creation
of a unified national market information system that
covers both pastoral and highland regions of Ethiopia.

The goal of the assessment was to gather information
abour any existing livestock market information systems
and services at the various levels of the government
in the highland regions of Ethiopia and help identify
constraints and opportunities that would contribute
towards the development of a successful unified National
Livestock Market Information System along the lines of
what has already been achieved in the pastoral regions

(Jama et al., 20006).

The LINKS team conducted a fieldwork assessment in
Southern Nations, Nationalities, and People’s Region
(SNNPR), Ambhara, Tigray and Oromiya Regions in the
period between May 24-June 15, 2006 using structured
interviews with key informants, including informants at
the key government offices, traders, and grassroots level
livestock keepers. The findings of the study are expected
to aid the MoARD in fine-tuning and improving
ongoing efforts in the implementation of a standard
Livestock Marketing Information System (ILMIS) in the
country.
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Major Findings

Significant  overlaps and duplication of activities
exist among the services that collect livestock market
information at every level of the government (districts,
zones, regions and the federal level). Moreover, there are
weak institutional linkages, lack of effective collaborations
and coordination, and poor working relationship among

stakeholders and institutions involved in LMIS.

* Key organizations currently involved in livestock
market information in the highland regions include:
Bureau of Agriculture and Rural Development
(Livestock Department), Disaster Prevention and
Preparedness Bureau, Agricultural Marketing Agencies
(new development), Bureau of Trade and Industry, and
to a lesser extent, the Central Statistical Authority.

*  Most of the organizations are collecting not only
livestock market information but also information on
other agricultural products such as cereals and crops,
the latter of which is the primary information collected
in most cases.

*  Too much information is collected and stored in raw
formar at government offices in hard copies, and it is
not clear to most government officers why they are
collecting this information. The information is not
analyzed and packaged for dissemination to the desired
beneficiaries.

* Long delays exists in data transmission from the
markets to the government offices.

e Frequent government bureau restructuring has
caused losses in institutional memory as personnel are
reallocated from one unit to another, and there exists
a significantly high turnover rate of market monitors
and experts.

e Lack of standards for darta collection, even within the
same bureaus, appears to be a significant challenge for
the data collection processes.

¢ Most of the traders interviewed were in favor of the
idea of creating a uniform, reliable livestock market
information system, and they have indicated a
willingness to pay minimal fees for the service provided,
as long as it is regular and on a near real-time basis.

* In most of the highland market transactions, buyers
and sellers deal directly with each other without the
involvement of brokers. This makes the provision
of market information to the producers particularly
beneficial in order to level the playing field.

*  Mostof the traders and producers interviewed indicated
that they would like to receive market information not
only about the local markets, but also about distant
central and terminal markets in the country.

Practical Implications

Despite all the problems mentioned above, it was apparent
from the rapid assessment conducted in the highland
regions that a Livestock Marketing Information System
should be a feasible and a worthwhile investment given
the increasing demand to provide near-real time market
information to end users. This is due to the fact that the
producers in the highlands deal directly with the traders
without the involvement of brokers or middlemen, as is
the case in the pastoral regions, where informed brokers
bargain on behalf of producers to get a fair price for their
livescock.

Long-term. Market information will remain a public
asset in Ethiopia for quite some time. Federal and regional
governments must make efforts to make information
accessible to all stakeholders. This information is an
important element for the country, becoming a basis for
stimulating tade and economic growth, encouraging
public
generating economic and social development. In the long
term, subsequent off-shoots in the private sector will occur

and private investment, and consequently

when specific niche market needs have to be met, and
entrepreneurial individuals may follow the models applied
in the developed countries by taking this free public
information, adding value to it, and selling it to serve the
specific niche demand.

Short-term. Goodwill, appreciation and capacity-building
seem to be the some of the most required investments
in the short-term, in order to promote the capacities of
market technicians and professionals. The survey carried
out pointed to the fact that most of the monitors simply
require appreciation of their efforts to get their job done.
It is vital that the country works on the creation of a legal
framework that supports the work on LMIS development
within government departments (both at regional and
federal level), in order for them to obtain the institutional
backing that brings federal and/or regional budgetary
commitment.

Sustainability of LMIS. All local key institutions at the
various levels of the government must be involved in the
planning, developmentand deployment phases of the LMIS
program to ensure their ownership of the service, to be able
to perhaps provide the necessary resources to increase the
efficiency of the system, and to insure the sustainability
and viability of a Livestock Market Information System.
Some limited donor support and technical assistance might



be needed in the initial phases of the program. Willingness
on the part of the government to support LMIS at the
policy level is crucial to the success and sustainability of
a National LMIS. Concerted efforts should be made to
design a simple but useful system that could be managed
within the regular budget allocations of the government
agencies that have the mandate for operating the system.

Implementation of a policy framework. It is apparent
from the assessment that issues of livestock market
information cut across many programs and institutions.
As such, it is evident that no single institution can be
self-sufficient in handling the whole system by icself.
However, a single institution needs to be identified as the
lead organization for the overall coordination of the LMIS
program at all levels. A clear national policy framework
is a prerequisite to facilitate harmonization, cooperation
and coordination among the various organizations. The
policy framework is necessary to maximize mutual benefits
and reduce unnecessary duplication of efforts for the
implementation of a holistic and coherent program.

Institutional framework for the implementation of
national livestock market information. New regional
agricultural marketing agencies are emerging in most of
the highland regions and seem to offer the potential to be
the regional homes for the livestock information system.
The Agricultural Input and Marketing agency promises to
be the ideal coordinator at the federal level.  They need
to set up steering and technical committees composed of
the major actors (agricultural and rural development, trade
and industry bureaus, radio networks, etc.) to coordinate
and to avoid duplication of efforts and resources.

Capacity building. Significant efforts should be made to
enhance the institutional capacity of the “woredas,” both
in terms of human development and equipment, and to
ensure collection and delivery of information on a timely
basis to all market participants. Careful recruitment and
appropriate training will be needed to build a strong
technical team. These staffshould be given the task of marker
monitoring as their priority. The promotion of training
and capacity building for local stakeholders, particularly
major managers and practitioners of LMIS is crucial.
Management and technical committees representing these
stakeholders with expertise and perspectives from both the
public and private sectors will need to be set up to promote
a transparent image and instill team commitment.

Standardization of LMIS. A National LMIS requires
standardization of, at the very least, data-formats to allow
easy comparison of prices. There is a real and expressed
need to standardize the livestock market data collection
in the country to allow for comparability among various
regions. It would be prudent to build on the experience

and the integrated format and design that came out of
USAID Southern Tier Initiative of Ministry of Agriculture
and Rural Development (MoARD) and LINKS projects.
Scope of coverage. The scope of the data collection
activities in the highlands needs to be limited at the
beginning to a small number of vital markets in each of
the regions and expanded to other markets once a reliable
system has been stabilized and as resources allow.

Improving distribution and dissemination of livestock
market information. The impact of the Livestock Market
Information System will ultimately be determined by the
extent to which producers, livestock traders and policy
makers utilize the information generated to aid their
decision processes. Currently, dissemination appears to be
the weakest link in the whole process of livestock market
information. A proactiveapproach will be needed to improve
targeted channeling of the LMIS. The challenge will be in
finding ways to improve access of the market information
by rural communities. The increasing coverage of the
mobile-phone network, regional FM radio stations and
the GovNert (formerly Woredanet) seem to hold promise
to improve this situation. Traders are already ahead of the
game in exploiting mobile telephone technology to keep
them updated on both local and terminal markets.

Enhanced use of Information Communication
Technologies (ICTs). The use of modern ICTs in LMIS is
quicker and most cost effective in transferring information
on a near real-time (i.e. Fax, Email, Internet and phone)
basis. Using modern ICTs eliminates the chances of loosing
information, as it goes straight to the rightful inbox, web
portal, fax machine or telephone as required, unlike the
ordinary postal communication delivery system, which
can easily result in information losses or misdirection and
distortion. The amount of field and desk work required
to produce livestock market information could be reduced
through automation of data collection and processing
and dissemination using a software/hardware architecture
that makes use of the state-of-the-art telecommunication
technologies.
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LINKS Project

Following consultations and demonstration of the functioning of vhe Livestock Information Network and Knowledge
System (LINKS) project [CT (information and communication technology) in reporting and disseminating livestock prices,
stakeholders in livestock marketing adopred the LINKS protocol to develop a national livestock marketing information
system (NLMIS) for Kenya. The result is a culmination of efforts of different stakeholders to give the country a unified
system that provides information on prices of difféerent livestock species that are traded in the key livestock markets. The
overall objective of the NLMIS is to increase market access for livestock producers and traders. The NLMIS allows users to
bring down the costs of doing business by reducing reliance on brokers for information and to conduct marker transactions
on their behalf, as illustrated by the case of one Peneti Ole Parmuat, a Maasai herder and trader from Kajiado district of

southern Kenya.

Background

Beginning 2003, the Livestock Information Network
and Knowledge System (LINKS), in collaboration with
the Ministry of Livestock and Fisheries Development,
designed and piloted an information communication
technology module for reporting livestock prices,
mainly focusing on markets in the pastoral areas. The
initial pilot markets were Garissa and Isiolo as secondary
markets and Nairobi as the major destination marker for
the live animals. The ministry nominated members of
their staff that were trained on how to sample animals
and interview and record data from respondents at the
market level. These trained staff were also provided with
cell phones for use in reporting the data collected. The
monitors would record the data on paper, after which
they were taken through the process of coding the
data to fit the Short Message Service (SMS) reporting
protocol. They would then convert the data to coded
alphanumeric messages that are fed into the cellphone
and sent to a number that communicates with and
delivers the messages to the server.

Livestock market monitors, their supervisors and

representatives  of relevant and
community based organizations are trained on how
to download, analyze and summarize the information

for transmission to end users in a form that fics their

non-government

requirements and are called upon to help download and
disseminate the information using appropriate media.
Information is shared using a combination of channels,
which include radio, print media, SMS, Email,
Worldspace and Internet. For local users, information is
printed and posted at strategic offices and on billboards
that are erected in the markets and updated regularly so

that the larger public can have access as well. The LINKS
office, in collaboration with field supervisors, ensures
that monitors report data of reliable quality consistently
and on time, as provided in the reporting protocol. The
field supervisors also maintain custody of the original
hard copy data sheets.

Major Findings

Afterstabilizing and testing the reporting system, another
three markets were added into the network — Moyale,
Wajir, and Marsabit. In January 2005, at a workshop
in Nairobi, the livestock information system was
demonstrated to other stakeholders who had expressed
interest in developing livestock marketing information
systems for the communities of livestock producers
which whom they were working. After consultations and
collective evaluation of the system, it was unanimously
agreed that the underlying technology be adopted to
develop a national livestock marketing information
system for Kenya. Leading the pack of stakeholders were
organizations such as the Kenya Livestock Marketing
Council (KLMC), FARM-Africa and Vetérinaires Sans
Frontiers (VSF) Suisse, who were already running some
versions of marketing information systems in their
areas of mandare. A committee of representatives from
these organizations was then formed to coordinate the
implementation and expansion of the NLMIS.

The first task that the coordinating committee
undertook was to develop a road map for the future
of NLMIS. The team felc thatr it was necessary to
sensitize other stakeholders representing government,
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LINKS training session at Maralal Town Market.

organizations,  community-based
organizations, local authorities, and the private sector at

non-governmental

the district level, to their support for the system and also
to their advice on which markets they considered to be
key, and which could then be connected to the reporting
network.

The stakeholder sessions
were held towards the

Case Study: Peneti Ole Parmut and the NLMIS

The Ministry, through the Livestock and
Livelihoods Project (ALLPRO) funded by
African Development Bank, has extended
to one other market.

The markets that are actively reporting
include: Nairobi, Garissa, Wajir, Moyale,
Marsabit, Isiolo, Mandera, Mombasa,
Chepareria in West Pokot, Emali in
Kajiado, Marigat in Baringo, Garsen
in Tana River, Sugura in Sambury, and
Rumuruti in Laikipia West districts.
Training sessions have been conducted
for four groups of monitors, while 33
market level trainings targeting producers
and traders have been conducted in 15
districts.

The crowning moment came on July 31, 2007, when
Kenya’s Minister of Livestock and Fisheries Development,
the Honorable Joseph Munyao, formally launched the
National Livestock Marketing Information System. The
minister emphasized that the greatest component that
needed to be addressed
was ensuring that
livestock producers and
the primary  market

end of 2005 and covered
fourteen  districts  of
[siolo, Marsabit, Moyale,
Mandera, Wajir, Garissa,
Samburu, Baringo, West
Pokor, Turkana, Kilifi,
Kajiado, Narok, and
Laikipia. Using outputs
from the workshops, the
coordinating committee
developed a proposal for
financing the NLMIS
beginning in 2006. In its
response, FARM-Africa,
through the Community
Animal Health Networls,
funded a workshop in
May 2006 for policy
makers representing over
30 organizations.

Peneti Ole Parmuat is a Maasai herder from Kajiado district
of southern Kenya and makes his living selling livestock,
mainly cattle.
infrastructure, Ole Peneti no longer relies on local friends
and middlemen. He uses his cellphone to make voice
calls or sends text messages through SMS to the NLMIS
server to get information on prices of cattle in the markets.

With improvements in communication

The server generates an automated response and provides
information on prices in the market requested. Based on
the cost of transporting the animals by truck and the time
it takes to get his cattle to the market, he is able ro make a
decision on which market to deliver his animals. According
to Ole Peneti, prior knowledge of the expected average
prices in different markets has improved his bargaining
power to negotiate for better prices, and he has gradually
become independent of middlemen in the livestock
marketing chain. This has helped Ole Peneti to improve his
income, which enables him to better meer the houschold
demands and needs of his family.

traders have access to the
information and thart
dissemination of che
information generated
should be high on the

priority list.

Munyao called upon
and encouraged any
organizations that were
running, or had plans
to develop marketing
information  systems,
o join hands and
implement  a  single
rich national livestock
marketing information
system.  This
provide the opportunicy

would

to get more value for
the  resources  each

The objectives of the workshop were to give policy makers
an opportunity to suggest ways to improve the system and
chart the way forward in the area of long-term financing,
taking into account issues of sustainability. As an outcome
from the workshop, KLMC committed to supporting an
additional four markets. The system has since expanded
from six to 14 markets, with the Kenya Livestock
Marketing Council supporting seven additional markets.

organization planned to spend by getting encompassing
national informartion and reaching a wider clientele through
joint collective dissemination cfforts. He also appealed to
media houses to dedicate space and airtime to disseminate
the information generated by the livestock marketing
information system and mobile telephone operators to
explore ways of contributing to the system through support
to data gathering.



Practical Implications

The public-private partnership interaction
in developing the national system is very
useful in unlocking information flows on
livestock marketing. Improved access to
sparial information on livestock marketing
is yet another milestone in the livestock sub-
sector in Kenya and is set to revolutionize
the way business in this sector is conducted
in future.

The livestock marketing information system
provides timely informartion to enhance
transparency and efficiency in livestock
marketing, support decision making
that provides source alternatives, and sell
livestock through markets offering better
returns for producers and traders. Given the
cross-border nature of livestock trade, the
system offers a regional framework where
markets can collaborate, network and share information.
The system is expected to enhance decision-making in
livestock trade and improve the bargaining position of
sellers to negotiate for better prices. Equipping market
agencies and communities of livestock keepers with
appropriate tools and information will help them plan for
and respond to changing market conditions, including
better opportunities to sell their livestock. This will lead to
increased incomes and consequently improved livelihoods,
particularly for livestock keepers in the more disadvantaged
arid and semi-arid pastoral areas of eastern Africa.

How does the system impact communities of livestock
producers? Developing the technical and human capacity
to meet market information needs and decision support
for livestock producers helps to bridge the gap between

LINKS training session at Maralal Livestock Market.

LINKS training session at Isiolo Marker.

markets on the one hand, and producers on the other.
This means that producers can make better choices on
where to sell their animals and have more leverage to
bargain with traders. This in turn translates to improved
returns to their marketing transactions, and therefore an
enhancement of their economic status. The cash generated
meets expenditures for goods and services that they cannot
produce at home. This not only helps them to improve the
livelihoods of their households, bur also creates demand for
goods and services in the local and national market arenas.
Socially, it means that information can be targeted to reach
specific gender, age, and wealth categories to reach a wider
range of clientele, which helps producers to form and
strengthen marketing associations and pool resources to
invest in marketing that enables them to reduce per capita
ransaction costs.
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The Livestock Information Network and Knowledge System (LINKS) and the Livestock Early Warning System (LEWS)
projects have determined thar water availability and stability are major factors in pastoralists’ decision making about
livestock movement. To obtain information on the water situation in the LEWS (Livestock Early Warning System)
monitoring sites in northern Kenya, LINKS launched the study described in this brief The location of the water sources
used by LEWS communities, particularly those that dry up and are abandoned during prolonged dry season or drought
periods, were mapped to enable assessment and monitoring of water availability using forage deviation data. The
information gathered will be used alongside the forage advisories as a basis for decision making and intervention by

pastoral communities, developmeni/relief agencies, and other stakeholders.

Background

The LEWS/LINKS projects have determined that water
stabilicy influences livestock migration in northern
Kenya. Monitoring and characterizing water availability
(particularly in areas of unpredictable drought) is an
important component of a livestock early warning
system. The purpose of the study described in this brief
was thus to obtain information on the water situation
in the LEWS (Livestock Early Warning System)
monitoring sites in northern Kenya. Team members
mapped the location of the water sources used by LEWS
communities to relate the time (month and dekad) when
water sources dried up with the corresponding forage
deviation in order to enable assessment and monitoring
of water availability using forage deviation data.

In the LEWS monitoring zones, the districts that had
been affected by drought over the previous two years
were identified. Within these districts, specific areas
(sites where people and their livestock actually moved
or migrated for various reasons) were selected; these
were areas where it was likely that some or all the water
sources either dried up or were abandoned. Pastoral
communities and other key informants in the selected
monitoring sites were interviewed by administering a
single questionnaire in a focus group discussion. Single
subject interviews were conducted to verify some of the
responses with key informants.

The specific objectives of the survey included: 1) to
identify and characterize the water sources available
to pastoral and agro-pastoral communities in the
LEWS monitoring sites, and 2) to establish the role
of water stability in influencing decisions on livestock
movement.

Preliminary Findings

The respondent communities were able to articulate
the issues of forage, water and livestock movement very
well in all sites for the period in question (January 2004
— May 2006). In all sites, the meetings were facilitated
by Ministry of Livestock and Forestry Department
(MoLFD) staff, the area Chief or community monitor.

Livestock Movement

Forage situation and livestock movemenr. The forage
situations in the northern Kenya districts of Isiolo,
Samburu, Marsabit and Laikipia were generally below
normal over the survey period. At the time of the survey
during the long rainy season in May 2006, only a few
areas had adequate forage. Most areas had not recovered
from drought, and conditions were deteriorating fast, as
was the case in Tiemamut in Laikipia, where livestock
were being moved out due to scarcity of forage. In
northern Kenya, almost all the grazing resources are
communally owned.

In all sites, the pastoralist communities moved their
livestock from normal grazing areas in search of water
and pasture during times of stress such as dry season
and drought periods. In one site (Baragoi) out of seven
(14.3%) only cactle were moved to satellite herding
camps locally known as ‘fora,” while camels, sheep and
goats grazed within the home area. In Sibiloi-Gas, camels
were moved separately while cattle and small stock were
moved together. The movement patterns and grazing
areas were different. Cattle were also moved quite
early because, as grazers, they are usually the first to be
aftected by shortage of forage and water. A few lactating
animals (camels and goats) are usually left behind during
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migration to provide milk for household consumption. In
all sites, the homesteads (‘manyatta’) are sedentary, while
only the livestock migrate along with the herders.

Reasons for movement. In five sites (71.4%), shortage of
forage was a primary consideration and inadequate water
for livestock a major factor in the decision to move to
other grazing areas. Only in one out of 40 total movements
(2.5%) was water cited as the primary reason for movement
whereby forage was a lesser factor. Insecurity/conflict was
cited in three (42.9%) of the sites (Sibiloi-Gas, Baragoi
and Serolevi) as a reason why people moved. Pastoralists
in Sibiloi-Gas recounted how 341 camels were stolen in a
village called Moite near Lake Turkana in January 2006,
forcing them to vacate the area. In all sites, livestock returned
home as soon as forage conditions improved with the onset
of the rainy season. If the rains are scanty, however, some
(especially cattle) might not return for prolonged periods.

Migration distances and duration away from homestead.
Mobility is the single most important tool used by
pastoralists to manage and utilise rangelands. A total of 40
movements away from respective home grazing ranges were
made in the seven sites over the 28-month survey period
(January 2004 to April 2006). Of these, 11 involved all
livestock species, 12 for cattle and small stock, 10 for cattle
and seven for camels only. The average duration away from
home was 4.7 months with a range of two to 28 months
across livestock species. The period covered by the survey
was generally unfavorable in terms of forage, culminating
in severe drought from November 2005 to April 2006. In
normal years, only cattle are moved during the dry season,
but camels and small stock utilize nearby grazing areas.

Distances covered per migration movement varied widely
between sites and livestock species. The overall range was

Table 1. Water constraints in the key survey sites. *(K=Kiwanja, SE=Serolevi, M=Maikona,
SB=Sibiloi-Gas, B=Baragoi, W=Wamba, T="Tiemamut Group Ranch).

seven to 110 kilometers (km) with an average of 56 km. The
shortest distances of 10 km were in Baragoi, Kiwanja and
Serolipi, and the longest of 120 km in Tiemamut, Wamba
and Maikona. Distances increased as the adverse period of
forage scarcity advanced. Cases of insecurity were reported
as the livestock moved outside their traditional grazing
areas leading to conflicts with neighboring communities.

Livestock mortalities during the November 2005 to
April 2006 drought were high in some parts of Isiolo
and Marsabit, but not so much in Samburu and Laikipia
districts. Most affected were Sericho and Merti divisions,
while the least affected was Kinna division. Isiolo district
is a net migration area for livestock from North Eastern
province. In 2005, there was also a huge influx of livestock
from other areas into Baragoi division due to the poor rains
received that year in the rest of Samburu (Waso, Maralal)
and Marsabit districts.

Migration routes: description, determinants and problems. In
42.9% of the sites, all livestock were moved together along
the same route when migrating. Different species, however,
move at different speeds and have various requirements
of feed and water. The major determining factor of the
chosen route is availability of water and pasture en route
and at destination (71.4%) because of long distances and
slow pace of movement. In Laikipia, the migrating herds
have to follow established roads to avoid trespassing into
the many private ranches.

Wildlife menace, insecurity, shortage of water, and pasture
along the trek route were each cited in 42.9% of the sites as
the main problems encountered en route. Other obstacles
included disease and rough terrain in 28.6% of the sites.
Although most pastoralists are used to frequent migration,
those left behind may have limited or no access to milk
and other food items. Food
scarcity and risk of starvation
are thus a possibility; and

No. | co b k* |sE [M [5G |B [W [T [ Erequency %) the household n.nght have. to
: rely on food relief to survive
1 | Long distance to water x Jx Ix |z |[x 714 the prolonged periods when
2 Inadequate/ seasonal water ] e oot o BN K 85.7 livestock are away.
3 Parasites (Jiver flukes) in water | x 143 Water Sources
4 Grazing areas have no water i 143
5 Contamination/ poor sanitation | x | x 28.6 Characteristics of available
water sources.  The type,
6 | Competition from wildlife X x |x |429 number and characteristics
7 | Disease transmission X 14.3 of water sources vary from
. ‘ site to site. Wells, the most
8 High labour needs in dry season x | 143 common type, comptised
9 | High watering charges X 143 37.5% of the water sources
i hern Kenya followed
10 | Lack of water along trek rout 14, i nore A
ck of water along trek routes X 3 by dams (18.8%), rivers
11 | Water for human use far away X 14.3 (14.6%), boreholes (12.5%)




Table 2. Interventions to improve access to water for livestock. *(K=Kiwanja, SE=Serolevi, M=Maikona, SB=Sibiloi-Gas, B=Baragos,

W=Wamba, T=Tiemamut Group Ranch).

No. | Intervention L .
1 Develop new water sources in grazing areas without water X |x |x X x | 714
2 | Develop sand dams along laggas i X bx x |x |571
3 | Improve forage availability in areas with sufficient water X |x [x 429
4 | Rain water harvesting at strategic points and storage tanks x |x [286
5 | Regulate use of river water upstream X 143
6 | Improve town sewage disposal and treatment X 14.3
7 | Deepen wells that produce little water X 14.3
8 Create awareness on best use, treatment and conservation of water X 14.3
9 | Protection of water sources e.g. fencing dams % 143
10 | Develop rock catchment dams to collect mountain water X 143

and springs (6.3%). Others were Lake Turkana, seasonal
rivers (‘lagga), surface ponds and rock catchments. Unlike
the other water sources, wells are found in most grazing
areas because they are easy to develop and can be deepened
as the need arises.

Different water sources are important at different times
of the year; however, the order of use is site specific and
depends on availability of other water sources in the grazing
area. The seasonal rivers are usually used first because they
have water only when it is raining. They are followed by
dams/pans, wells and finally the permanent sources. Wells
are mOSfly USCd during [he dry season afcer l'he Oth€r sources
are exhausted because they are labour intensive.

The duration of water at a source varies widely. The lake, all
springs and boreholes, five of the seven rivers, and 72.2%
of the wells have water rated to be sufficient for livestock
throughout the year. Only two-thirds of the dams hold
water for more than three months in a year, and only one-
third of them produced adequate water. Most water sources
are communally owned, except some borcholes managed
by water user associations on behalf of the pastoralists that
may require some maintenance charges to water livestock.

Although not the primary consideration in decisions to
move livestock, water availability was still an important
determining factor. In most cases, livestock were grazed in
the proximity of water sources within a radius of up to ten
km. With implementation of grazing management plans,
areas without reliable water such as Segel, Hurri hills and
Dida Galgallu in Marsabit district were utilized during the
wet season when livestock requirements for water were low
and surface rain water was accessible. Such areas were also
utilized during extreme dry season and drought periods
when there is no grass elsewhere, forcing livestock to trek
for 30 to 50 km to and from grazing and water sources.

Constraints and coping strategies in providing water to livestock.
The major constraints in provision of water to livestock
and humans in pastoral areas of northern Kenya were
inadequacy and long distances to the watering points (Table
1). Due to low and erratic rainfall and lack of permanent
sources, water availability in most areas is seasonal and dries
up after a few months. Livestock then must be moved to
other areas or trek long distances between watering points
and grazing sites, as most trek routes do not have water en
route.

Other coping strategies include digging and deepening
wells along dry river beds. Competition and interference
from wildlife, especially elephants, and contamination
of water sources by parasites and sewage effluent were
other noted constraints. Animals can contract diseases at
common watering points when infected herds mix with
others, affecting both livestock and human health status.
Raising awareness on proper sanitation and parasite control,
however, may reduce the impact of these problems.

Interventions to improve access to water for livestock. Most
communities interviewed felt that water supply for
livestock use could be improved by developing more
water sources, e.g. developing sand dams, regulation or
deepening wells (Table 2). Improving pasture availability
in areas with adequate water but little or no pasture was
also cited as a viable intervention, e.g. in Hurri hills and
Segel areas in Marsabit district. This could be done through
implementation of grazing management plans by the
respective environmental management committees, range
rehabilitation, and the timely delivery of early warning
information to pastoral communities. Rain water harvesting
is a feasible option particularly for domestic water. Above
all, however, the communities acknowledged that water
development is costly and should be done strategically to
prevent range degradation.



Practical Implications

Forage and water availability and disease are currently the
most important limiting factors for livestock production in

information for early warning on the status of forage and
water availability, coupled with planned migration patterns
have a very important role to play in sustainable development
of rangelands.

ASAL. They are made worse by the insecurity arising from
resource-based conflicts, political strife, livestock rustlingand  Availability of reliable sources of water is still a major
banditry. When drought sets in, water sources dry up, forage constraint to livestock productivity in the rangelands of
dwindles, and animal health deteriorates very fast. northern Kenya. There may be room for development of
more water sources in some areas, but the distance between
Migration is the most important strategy for pure pastoralist
communities but is not always invoked in time or in patterns

optimal for resource productivity. Pure pastoralists, in general,

them should be large enough to discourage concentration of
large numbers of livestock on inadequate land area, thereby
causing rangeland degradation and reducing the carrying
have set migration routes and only diverge from existing  capacity. Thus, permanent water sources should be widely
patterns in the face of severe drought or outbreak of disease spaced (no closer than 20 km apart), while temporary sources
could be interspersed to allow effective dispersal of herds to

control overgrazing and degradation. Water sources, where

epidemics. Water management, especially the use ofalternative
water sources and change of watering frequency, is another
coping strategy. But, how viable, timely, efficient, adequate
or sustainable these strategies are today given the increasing

possible, should be integrated into community-based resource
management systems, and close-by human settlement should

frequency of drought episodes remains questionable. Reliable  be discouraged through community regulatory systems.
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Information communication technology, specifically the mobile phone, is becoming an integral tool for development, as there

is increasing recognition that information is an important rool in empowering people to make progress both economically

and socially. The suite of technologies developed by the Livestock Information Network and Knowledge System (LINKS)

project was adopted to develop and implement a national livestock marketing information system (NLMIS) for Kenya.

The system was formally launched on July 31, 2007 as a single rich system that provides opportunities to add value by

gathering national information and reaching a wide clientele through collective dissemination efforts. The system, the first
in Kenya, provides the country with a unified system of information on prices of different livestock species traded in key

livestock markets. This brief provides an overview of the market-based training programs conducted to launch the NLMIS,

along with the challenges and lessons learned in its implementation. The authors find that following introduction of the
NLMIS, data collection and uploading were proceeding smoothly in the markets networked, and that a large number of
people, both at the offices and in the markets, were able to access the information. The NLMIS is part of the vision for
the development of pastoral areas; through improving information flow to livestock producers and traders, they become

equipped with the knowledge to make betrer choices on livestock marketing, thereby enhancing income and livelihoods.

Background

Following a successful stakeholder collective approach in
investing resources and adopting Livestock Information
Network and Knowledge System (LINKS) technology
towards developing a national livestock marketing
information system (NLMIS) for Kenya (Kariuki and
Kaitho, 2006), the system was formally launched on
July 31, 2007 by Kenyas Minister for Livestock and
Fisheries Development. The NLMIS, an integrated
suite. of technologies based on GL-CRSP LINKS
project research, is designed to capture market price
and trade information as well as characteristics critical
to the supply side of livestock marketing throughout
Kenya. The system, which links cell phones operated by
producers and traders with a centralized livestock market
information database, has proven uscful in unlocking
information flow, allowing improved access to spatial
information on livestock marketing for even those in
Kenya’s remote pastoral arcas. The NLMIS is considered
to be yet another milestone in livestock development in
Kenya, and is set to revolutionize the way business in
This Research
Brief investigates the progress of the NLMIS in Kenya

this sub-sector is conducted in future.

(for a derailed account of NLMIS development, see
Kariuki and Kaitho, 2006), specifically the efficiency
and outreach capacity of the system.

In late 2007, the NLMIS

coordinating team organized a number of market and

Reaching our to users.

producer level training workshops in several districts
and markets to publicize the system (Mwangi et al.

2007). To support these workshops, the Kenya Livestock
Marketing Council applied for funding from the Food
and Agriculture Organization (FAO). The funding
enabled a team of four collaborators to visit 31 markets
spread over 13 districts in four provinces of Kenya. The
Ministry of Livestock and Fisheries Development and
LINKS project provided logistical support in the form
of vehicles. Table 1 (next page) shows the distribucion of
markets, by provinceand district, where the trainings were
conducted. In addition the team also visited and trained
the management of the Kenya Meat Commission based
at Athi River. In total, NLMIS training in Kiswahili (the
national language of Kenya) directly reached over 5,000
people in 2007.

The workshops.

held to create awareness about the system. Participants

During the visits, workshops were

were informed about reporting markets, the NLMIS
database, and uploading and retrieval methods. One
of the methods, for example, employs downloading
which

information for all major livestock. Another method

information from the Interner, includes
utilizes mobile phone short message service (SMS)
technology, which has been expanded to include the
prices of all livestock species from carlier models chat
provided price information on only an index cattle breed
(the Boran mature male). Other practical demonstrations
of the SMS information retrieval method followed, and
participants were trained on the querying of prices
from various markets, receiving all results in real time.
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Table 1. Distribution of markets by District and Province where LINKS NLMIS training workshops were

conducted in 2007.

™, Districts farl. ‘s

Eastern [siolo Kinna, Oldonyiro
Marsabit Marsabit town, Merille
Moyale Moyale town, Odda

Northeastern Garissa Garissa town, Dadaab
Wajir Wajir town, Habaswein
Mandera Mandera town, Rhamu, Takaba
Tjara Kotile

Rift Valley West Pokot Chepareria, Kishaunct, Orolwo
Baringo Tangulhei, Nginvang, Loruk
Samburu Maralal town, Suguta, Baragoi, Lolkuniyiani, Lolkury, IIpus
Narok Suswa, Mulot
Kajiado Ewaso Kedong

Coast Tana River Garsen, Waldena

These NLMIS trainings clicited overwhelmingly positive
responses among workshop participants. iscussions on
support for data gathering and information dissemination
were carried out with various agencies in the districts
visited, including the Ministry of Livestock and Fisheries
Development(MoLFD), Arid Lands Resource Management
Project (ALRMP), District Livestock Marketing Councils
(DLMC), Food for the Hungry International (FHI),
Food and Research Management (FARM)-Africa, North
Eastern Pastoralist Development Programme (NEPDP),
CARE-Livestock Marketing Enterprise (LIME), Oxfam
GB-Wajir, Millennium Village Project, and the Provincial

Administration.
Major Findings

Ourt of the 31 markets visited, 19 (61%) were already
within the NLMIS network, while in four others (13%) the
infrastructure for mobile network connectivity was under
construction (at the time of writing this brief the system
is now operational). The cight markets (26%) that are yet
to be networked include Kotile, Tangulbei, Nginyang,
Loruk, Baragoi, Ilpus, Ewaso Kedong and Waldena. The
team observed that following introduction of the NLMIS
to the districts visited over a year earlier, data collection
and uploading were proceeding smoothly in the markets
networked. Moreover, a large number of people, both at
the offices and in the markets, were aware of the system
and were able to download the information. However, for
many people, regular use was hampered by constraints in
dissemination, including the lack of sharing of information
by the district livestock teams. Some stakeholders were
still unaware of the system, or unable to download the
information. The team stressed the importance of working
together and disseminating information for the benefit of
both producers and traders so as to improve the livelihoods

of the pastoralists. In addition, the district teams all cited
general limitacions in information dissemination due to
the large areas covered by the pastoral districts, the poor
road network, low mobile phone coverage, and lack of
knowledge of the best media to use for various communities.
[t is apparent that traders and brokers had an undue
advantage over producers when it comes to knowledge of
prices in different markets. This is ateributed to the traders
use of wide networks that connect primary, secondary
and terminal markets, most with access to information
communication technology such as mobile phones. For
producers, access to information is limited since they do
not have absolute access to markets, let alone information
communication infrastructure. Many cases were observed
where traders coming from other areas first sat together to
agree on prices they would offer to livestock owners, with
a general disinterest in dealing with informed sellers; they
would often bypass those with information and go to those
they knew were less informed about prices outside their
local markets. It is increasingly evident that producers need
to organize in order to counteract these manoeuvres.

Challenges and Lessons Learned

Livestock producers are participants in a world that is fast
accelerating along the information superhighway, where
access to mobile telephony and internct capacities are
helping to alleviate isolation of rural producers and link
them closer to initiatives that contribute to development
(Kariuki and Kaitho, 2006). In implementing the NLMIS,
there were a number of challenges encountered and lessons
learned. Among these are that initial system start-up costs
(servers, computers, mobile phones, bandwidth, e-mail,
telephone calls, programming, trainings and field travel) are
high, while running costs (airtime, replacement of phones,
incidentals) are modest. Markets cannot be selected at will



as it depends on their importance as supply nodes, interest
and support of stakeholders, availability of personnel to
collect and report the data, and access to mobile phone
network coverage. Turnover of staff also affects consistency
in the flow of data.

The diversity of animal breeds, age classes, size, and body
condition all present challenges in identifying which
animals to select for representation. For some markets,
the accuracy of aggregate supply of livestock offered in
the market on a monthly basis is not assured given that
the reporting is done only once a week, and the numbers
should therefore be considered as indicators rather than
absolute figures. Furthermore, it is possible that some
animals are transacted more than once before leaving the
matket giving a variation in the selling price. However, on
average, most animals are transacted only once, as sampling
is by dominant breed/class/age/grade combination and the
calculated average price is therefore a good representation
of the price for that particular market day.

In some markets, development may not always be
achieved due to limitations engendered by conflict and the
fragmentation of markets based on ethnic considerations
leading to emergence of mini-markets within the larger
market. This also affects the use of infrastructure and
facilities developed for the market, which may remain
unused.

In terms of access to information, traders and middlemen
have a competitive advantage over producers. This is
because livestock trade is highly dominated by middlemen
who provide brokerage services and handle most of the
transactions on behalf of producers, many of whom hardly
venture into the market, making it difficult to reach out
to them during regular trainings conducted at the market
level. Their knowledge of market dynamics is therefore
greatly curtailed, and this is compounded by their limited
access to information due to low levels of literacy, limited
network coverage, and limited access to other channels of
information such as the Internet. There also exists a large
divide between traders/middlemen and producers in terms
of spatial location, temporal difference, access to resources,
knowledge, and often deliberate distortions in market
information that favors traders and middlemen. Producers
are often far removed from key markets resulting in temporal
delays in getting information and limited knowledge on
markets outside their immediate locality. It takes time and
effort to change people’s behavior and attitudes, and people
continue to rely on traditional communication methods
that are low in speed, reliability and efficiency.

At the macro-level, marketing of livestock is not given
prominence compared to that of agricultural commodities,
a situation compounded by poor infrastructure and lack of
up-to-date policies to support the business.

Practical Implications

It was agreed that the open-air approach used in the
trainings helped break some barriers in terms of getting
access to livestock producers and sellers who do not
have good access to market information. Developing the
technical and human capacity to meet market information
needs and decision support for livestock producers helps
to bridge the gap between markets on the one hand, and
producers on the other. This allows producers to make
better choices on where to sell their animals and creates
leeway to have stronger bargaining power with traders,
which translates to improved returns to their marketing
transactions, and therefore an enhancement of their
economic status. Research has shown that on average,
producers receive only about half of the terminal market
prices in Nairobi (Agrisystems, 2003), while traders reap
proportionately higher returns. A marketing information
system can lead to changes in marketing behaviour, while
understanding market signals can play an effective role in
orienting producers towards market opportunities (Ferris,
etal. 2008). If the system can inform producers so that they
can negotiate for better prices, then it will have achieved its
primary objective.

If producers get better returns, the cash generated meets
expenditure for goods and services that they cannot
produce at home. This not only helps them to improve the
livelihoods of their households but also creates demand for
goods and services in the local and national market arenas.
Socially it means that information can be targeted to reach
specific gender, age, and wealth categories to reach a wider
range of clientele, which helps producers to form and
strengthen marketing associations and pool resources to
invest in marketing that enables them to reduce per capita
transaction costs.

Finally, to enhance the impact of the National Livestock
Marketing Information System on communities of
livestock producers, agencies also need to focus more on
demonstrating and helping people to better understand the
link between drought and changes in livestock prices, as
part of early warning and contingency planning to assist
in saving livestock assets during periods of emerging crises.
While the LEWS technology embedded within LINKS
and the NLMIS provides the toolkit, the agencies must
simply enable the implementation.

Concluding Remarks and the Way Forward

The NLMIS is part of the vision for the development of
pastoral livestock producing areas; through improving
information flow to livestock producers and traders, they
become equipped with the knowledge to make better
choices on livestock marketing, during both normal and
distress periods. This model can be applied to collect,



report and analyze data, and also to disseminate information
on animal diseases, water resources situations and conflicts
over resources. To move the system forward, there must be
commitments for long-term financing through a combination
of public (Ministry budget line) and private investment.
The media can play a role in facilitating dissemination of
information generated by the system, and mobile telephone
operators can explore ways of contributing to the system
through support in sending data and accessing information.

To enhance decision making in livestock trade, it is useful to
integrate livestock market information with other information
such as disease outbreaks. Besides infrastructure development
(roads, water, abattoirs, communication networks), there is a
need for a clear policy favorable to the development and use
of information communication technology (ICT) particularly

in livestock related activities. The proposed concept of digital
villages, villages linked by ICT, should address the special
needs of poor, small scale and remotely located livestock
producing communities who are far removed from hubs of
economic activity in time and space.

Other required interventions include continuation of the
work in the remaining markets, increased support by local
authorities, expansion of mobile network services and
support to data gathering, processing and analysis, as well
as information dissemination to feed into a livestock early
warning system (Republic of Kenya, 2006). Networking
markets with headquarters will allow easy access to
information, while involving local institutions in developing
training modules for users will enhance acceptability and
confidence in the use of the technology.
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Marketing transactions take place in an environment where information is shared and exchanged among and between
sellers, buyers and middlemen. It is argued that traders and middlemen have a competitive advantage over producers in
negotiating for prices, because the former have access to prices in both primary and terminal markets, while the latter
only have limited access to prices in the primary markets. This Research Brief highlights the situation regarding access
10 livestock marketing information by producers in pastoral markets of Kenya. Results show that livestock marketing
information was not accessible to producers from September 2004 to September 2005, and hence did not play a significant
iole in influencing market prices. Subsequent analyses also show that producers consider a number of attributes when
pegging prices to their animals, and that these tally with the categorization system developed by the Livestock Information
Nerwork and Knowledge Systern (LINKS) project. Further findings suggest that past efforss to develop livestock marketing
information systems have been dogged by limited capacity to provide information that is accurate, timely, reliable, and
spatially coberent. This has been exacerbated by failure to effectively use existing media and complement these with
einerging information communication technologies to disseminate the information. LINKS has since responded to these
[Jactors through improvements in geographical coverage, accuracy, reliability and timeliness in the overall livestock market
information system, as well as through improved information dissmination systems; improvements that have strenghted

LINKS, allowing it to function as the foundation for the National Livestock Marketing Information System in Kenya.

Background

Research has shown that livestock marketing information
plays a significant role in improving the performance of
pastoral production and marketing systems (Ndikumana
et al. 2000; Aklilu et al. 2002; Mbogoh et al. 2005).
More timely, accurate and reliable livestock information
can lead to increased commercial livestock offrake and
increased producer prices. These studies (ibid) hitherto
have focused on the broad aspects of livestock markets
in Kenya. Very little attention, however, has been given
to examining specific aspects of livestock markers,
such as what constitutes viable livestock marketing
information.

This study was undertaken to analyze the factors that
influence beef cattle marketing behavior in pastoral
areas of Kenya, with emphasis on the role of livestock
marketing information. For instance, although traders
have indicated their considerations for some quality
attributes in beef cactle sold in pastoral areas, these
are not well documented. Moreover, there have been
no precise estimates to quantfy the value of these
attributes. Specifically, the present study consists of three
main components: 1) Identifying the existing sources
of information and extent of their use by producers;
2) ldentifying the physical attributes of beef cartle
considered while selling animals; and 3) Evaluating che

importance of these attributes in determining prices of
animals offered for sale.

Information derived from the study will provide inputs
to designers of livestock marketing information systems
to improve their information formats to make them
more effective and efficient in terms of having the
capability of tansmitting relevant, accurate, reliable,
accessible and useful information.
provides information on attributes of beef cattle that are

In addition, it

demanded by traders, an important factor in livestock
marketing for pastoralists, should they have to respond
to the needs of the market.

Methods

The study used two sets of data. The frst ser was
sourced from a cross-sectional survey conducted using 2
questionnaire administered to 135 pastoral households
from Garissa and Isiolo Districts. The second set was
a 1,233 wransactional survey data set collected between
September 2004 and September 2005 from three
livestock markets in Kenya: Nairobi, which is the main
terminal market in Kenya, and two other pastoral
markets (one in Garissa in the northeastern rangelands
and one in Isiolo in the eastern rangelands). The samples
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Table 1. Ranking of beef cattle astributes by respondents.

Attribute Description Rank Respondents | Percentage
(n=132)

Sex Animal is male or female 1 131 949

Age Immature (< 1 year), young (1-2 years), 2 109 79
mature ( >2 years)

Body condition Muscle and fat distribution 3 100 725

Castration condition | Male castrated or not 4 58 42

Breed Boran, Zebu, Sahiwal, Mixed 5 48 34.8

Breeding ability Reproductive ability 6 32 23

Character Aggressive or docile to people and other 7 21 15.2
animals

Lactation Level of milk production and milking 8 18 13

o length
Pregnancy status Female in-calf or not 9 16 116

were based on beef cattle presented and sold in the three
markets. The data were collected randomly in cach of the
matkets by trained Livestock Information Network and
Knowledge System (LINKS) project market monitors.
The monitors visually assessed the beef animals on
different characteristics, and interviewed traders on market
transaction prices. The raw data were used to calculate the
average prices, which were then sent to the LINKS central
server via coded Short Message Service (SMS).

Preliminary Findings

Data from the cross-sectional survey were analyzed using
descriptive statistics to generate frequencies. Results
indicated that a majority of the respondents (73%) had
access to radio, while 28%, 11% and 10% had access
to a cellphone, newsprint and television respectively.
To obtain information on livestock marketing, 75%
of the respondents relied on their neighbors and their
own personal visits to the market. On the need for price
information from other markets, 77.8% of the respondents
expressed a strong need, and out of these 32%, 54%, and
9% desired to have the information on weekly, monthly
and quarterly basis respectively, while 5% were indifferent
about the frequency. A total of 96% of the respondents
preferred to sell their animals within markets in their region
citing distances to other markets, security, volume of sales
and unfamiliarity with distant markets as the major factors

influencing the decision, in that order. The study found
out that over 75% of the pastoral households used visual
assessment to peg prices to their animals before sale. This
corroborates findings in Kaitho et al. (2004). As a follow-
up step, pastoralists were asked to rank the attributes they
considered when selling beef cattle. Table 1 summarizes
these results by frequency.

The results from the transactional data, analyzed using
regression analysis, are given in Table 2. Almost all the
attributes were negatively correlated to the price, class, sex,
volume, castration, grade and market. Other reported items,
such castration and breed type were not significant. This
could have been associated with the uniform/single breed
available in each market. The analyses for the individual
attributes indicate the relationships given below.

Class. The class of beef animal was used as a proxy for age
(mature, young, immature), which showed that mature
animals fetched higher prices than immature ones. The
coefficient for class variable suggested that class had the
largest negative influence on cattle price as indicated by the
highest negative coefficient. Price decreased by 0.53% for
a 1% change in class.

Sex. The results on the sex variable (male, female) showed
that males fetched higher prices than females by a premium
of 0.4% on average. This corroborates results of previous



studies by Sieff (1999) which showed that males usually
fetched higher prices than females. The positive correlation
coefficient observed for sex showed preference for males.
Males are bought for both breeding and slaughter purposes.
Their demand was expected to exceed that of female cattle,
which are mainly required for breeding purposes. Males
were also thought to yield more meat than females.

Market. The market variable has a negative coefhcient (-
0.149) and standard error 0f 0.012. The negative coefficient
indicates that prices in Nairobi are higher than prices in
other markets of Isiolo and Garissa. This is reasonable
given that Nairobi is the terminal market.

Grade. The variable grade (grade 1, 2, 3, 4; the higher the
grade, the poorer the body condition) is used to reflect
the influence of the cattle body condition scoring method
(a proxy for meat quality and weight) as developed by
LINKS, and emerged as a significant explanatory variable.
It has a negative coefficient (-0.147) with a standard error
of 0.009. Animals available for sale in the markets were
mainly grades 2 and 3. Grade 2 fetched a higher price than
grade 3.

Volume. Volume was the other factor affecting prices.
The volume had a standardized coefficient of -0.235. This
corroborates well with the theory of standard demand
which states that the lower the supply (volume) the higher
the price. In this case it indicates that a 1% increase in

volume decreased the average price by approximately
0.235%.

Breed. The breed variable (Boran, Zebu, Mixed) had a
positive coefficient of 0.037and standard error of 0.010.
This indicated that mixed breeds (crosses) commanded
higher prices than the local breeds such as Boran and

Castration. Castration yielded a negative coefficient,
—0.026 and standard error of 0.016. This implies that non-
castrates fetched higher prices than castrates because they
were in high demand both for breeding as well as slaughter
purposes and were therefore regarded as premium animals.
The results, however, were not significant at the 1% level.

The overall regression model explained about 82% of the
total variation in the dependent variable. The regression
model on factors influencing commercial offtake rates
showed that market information had a positive response
to livestock offtake rate; the response was significant at the
10% level with a coefficient of 0.074 and standard error of
0.007. Other significant variables determining offtake rate
were houschold size, dependency ratio, cattle birth rate,
cattle purchase rate, off-pastoral income and mortality
rate. At the time of the study, market information provided
by LINKS had just started diffusing to producers, and
respondents felt that improved accuracy and reliability
of market information would be useful for informing
marketing decisions for pastoral households. Research
findings (Aklilu et al. 2002; Mbogoh et al. 2005) show that
information can indeed improve marketing performance
in pastoral areas if it can be availed efficiently and in good
time.

Practical Implications

The results indicate that livestock marketing information
was not accessible to producers from September 2004 to
September 2005, and hence did not play a significant role
in influencing market prices. Subsequent analyses also
show that producers consider a number of attributes when
pegging prices to their animals, and that these tally with
the categorization system developed by LINKS. LINKS

has since responded to these factors through improvements

Zebu. in geographical coverage, accuracy, reliability and
Table 2. Regression results of the semi-log price model for beef cattle.
Unstandardized Standardized
Coefficients - Coefficients _
X | Variable Beta std. Error Beta | Tvalue
(Constant)+ 10.17 0.07 151.04
1 Market+ -0.15 0.01 -0.19 -12.11
2 Class+ -0.53 0.01 -0.69 42.23
0 Breed+ 0.03 0.01 0.04 2.59
4 Volume+ 0 0 -0.24 -14.39
5 Sex+ 0.40 0.07 0.09 6.02
6 Castration -0.03 0.02 -0.03 -1.69
7 Grade+ 0.15 0.01 -0.25 -16.86

Dependent Variable: Natural log of price
+ Significant at 1% level, R2 = 0.821



timeliness in the overall livestock market information system.
Therefore, the challenge to develop a flexible, demand-driven
system that is easy to maintain and that allows the input of
contents with maximum efficiency as envisaged by Kaitho et
al. (2004) is right on course. The integration of this system
in livestock markets across Kenya will provide a national
livestock marketing information system (NLMIS: see Kariuki
etal. 2008) tailored to meet the needs of livestock producers.

Dissemination of information through media thar are easily
accessible to most producers will enhance information fow
to pastoral communities, eliciting the desired response in
livestock marketing. It is therefore prudent to explore ways of
using the existing delivery media, such as the popular radio
broadcasts and the growing mobile telephony and Internet
gateways across most towns in the remote areas of Kenya, to
accomplish this feat.
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Over 80% of Kenya’s land mass of 58.3 million hectares is classified as arid and semi-arid lands (ASALs). In spite of
the unfavorable weather conditions, the ASALs make a significant contribution to the countrys agriculturally driven

economy, by supporting more than half (52%) of the livestock population geared primarily towards the production of beef-
Households practicing pastoral livestock production experience a myriad of problems including drought, poor infrastructure
Jor communication and marketing, low incomes and food insecuriry. With changes in lifestyles and decreasing capacity of
livestock to provide for their basic needs, these households are increasingly dependent on the market for their non-livestock-

based food and non-food needs. Their purchasing power is dependent on income levels, economic conditions and the terms
of trade between livestock and cereals, all of which change over time. This study investigated terms of trade for pastoral
livestock producers in Kenya, finding that the price of maize has risen much faster (abour twice) than that of livestock,

diminishing the purchasing power of livestock keeping households, and thereby eroding their terms of trade. The emergence
of these unfavorable terms of trade has in turn eroded their capacity o meet basic needs and compromised their food
security situation and overall socioeconomic welfare, resulting in significant increases in the demand for relief and food aid
ar a major cost to government relief funds and development agencies. Through market information systems like LINKS,

however, the provision of marker information can equip planners and policy-makers with the tools to track price trends
and enhance decision-making and the development of appropriate interventions aimed at mitigating the effects of these

deteriorating terms of trade.

Background

Kenya’s livestock sub-sector contributes about 10% of
the country’s Gross Domestic Product (GDP), accounts
for nearly 50% of the agricultural sector’s GDP, and
is the main source of livelihood for the people in the
arid and semi-arid areas (ASALs) of Kenya (Republic
of Kenya, 2006). The sub-sector accounts for 90%
employment and more than 95% of family incomes in
these areas. The ASALs are home to nearly 30% of the
country’s human population of an estimated 35 million
people, and holds over 50% of the country’s total
livestock, which is estimated at 26.9 million chicken, 9.5
million beef cattle, 3.5 million dairy and dairy crosses,
13.9 million goats, 10 million sheep, 930,000 camels,
716,000 donkeys, and 320,000 pigs. The ASALs are
also the major producer of beef, estimated at 320,000
metric tons (Republic of Kenya, 2005). The kinds of
animals kept by producers in these areas are comprised
of indigenous, exotic and cross breeds.

Livestock keeping communities rely on their animals
for subsistence and cash to buy other food and non-
food items. Since pastoral communities do not engage
in agricultural production, they need to exchange their
livestock in the market to generate the cash needed.

The terms of trade between livestock and cereals

have important implications for food security at the
household level. Maize is the most commonly traded
and consumed cereal grain among many communities
in Kenya, and the price is used as an indicator of terms
of trade. Pastoral communities have either to buy maize
from the market, or access it as relief food provided by
government or humanitarian agencies. Understanding
markets in pastoral areas is key to addressing food
security and development issues in arid and semi arid
areas of Kenya (Ochieng, 20006).

Methodology. LINKS, in collaboration with the Kenyan
Ministry of Livestock Development and Kenya Livestock
Marketing Council, has developed a suite of technologies
that have been adopted as the national livestock market
information system (NLMIS: see Kariuki et al. 2008)
for Kenya. The system is now collecting and reporting
data on livestock prices from 18 markets. The market
monitors collect data on a designated day of the week
from a sample of five animals of each kind/breed/age/
sex/grade combination, after which they calculate the
average figure for that market day. The analysis presented
here is for Garissa and Nairobi markets for the period
beginning September 2007 to September 2008. Garissa
marker, located about 400 km to the north of Nairobi,
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Figure 1. Price trends for Boran cattle in Garissa and Nairobi markets.
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is the largest market for Boran cattle, the dominant breed
in northern Kenya. The market is held on Wednesday
every week. Nairobi, the capital city and major livestock
terminal market, has three markets (Njiru, Dagoretti and
Kiamaiko), all of which operate on a daily basis (except
Sundays) to supply meat for the large urban population
both in the city and the peripheral suburbs. Live animals
are transported from Garissa by truck and offloaded at the
Nairobi markets, where they are taken directly to slaughter.
Njiru market receives mainly Boran cactle from northern
Kenya, while Dagoretti receives Zebu and mixed breeds of
catde from the southern and western pares of Kenya, and
Kiamaiko receives small stock from throughout Kenya.
Prices of maize have been obtained from the Regional
Agricultural Trade Intelligence Network (RATIN), which
collects and reports monthly prices for maize, beans and
rice in Kenya, Uganda, Tanzania and Rwanda. Prices
of maize are reported in USD per metric ton, and were
converted to Kenya Shillings (Ksh) per kilogram using
currency exchange rates obtained from the Central Bank
of Kenya for the period September 2007 to August 2008,

Major Findings

Garissa market receives an average of 2,000-3,000 animals
per market day, and remains the largest source of animals
to the Nairobi Njiru market. The trend in prices for
Garissa and Nairobi markets is depicted in Figure 1. On
the supply side, the graph shows that livestock prices
in pastoral areas tend to peak from April to May, and
November to December, when chere is quality forage
due to prevailing good rainfall conditions and when
pastoralists subsequently minimize sale of animals. On the

= Garissa

Nairobi

Jul-08 Aug-08 Sep-08

demand side, livestock prices go up in December and April
associated with the festive Christmas and Easter seasons,
when the demand for mear rises especially in the urban
areas. During the period under consideration (September
2007 to September 2008), there was a general increase in
livestock prices with the average price of mature Boran
cattle increasing by 9.3% from Ksh 16,200 to 17,700 in
Garissa, and by 12% from 24,500 to 27,450 in Nairobi.
The price in Nairobi was on average 44% higher compared
to the price in Garissa. The cost of hiring a 10-ton lorry
with the capacity to carry 18-20 cacdle has risen by 20%
from Ksh 25,000 to 30,000, due to the recent increases in
fuel prices (an increase of over 30% in eight months during
the study). Other costs associated with livestock marketing

include movement permits, and loading and storage fecs.

The cost of beef in major urban centres has increased by
37.5% from Ksh 160 to 220 per kilogram. The average
price of Somali goats has increased by 30% from Ksh 2,360
to 3,060 in the Garissa market. The cost of transportation
has increased faster than the increase in livestock prices,
implying reduced margins for traders. During the same
period, the national average price of maize increased by
61% from Ksh 13.50 to 21.70 per kilogram (RATIN,
2008), while current prices vary from Ksh 21.70 in Nairobi
and 25.40 in the Busia market, located at the border with
Uganda. The fact that maize has to be transported to
pastoral areas resulting in a considerable time lag means
that the price of maize will be much higher in those areas.
In addition, maize may not be available at the place and
time it is required, given the vast expanse covered by the
pastoral areas and the lack of adequate infrastructure to
facilitate the smooth and fast Aow of goods.



Practical Implications

Pastoral households do not produce their own maize.
Therefore, structurally poor houscholds are heavily
dependent on food donations. For those who depend
on the market, they require purchasing power and food
availability, a difficult reality given the logistical complexities
of supplying food at the right time, price and quantity in
local markets. This study shows that the price of maize
has risen much faster (abourt twice) than chat of livestock,
diminishing the purchasing power of livestock keeping
households, and thereby eroding their terms of trade. The
effect on pastoral households is severe: a houschold may
need to sell twice as many goats as they used to sell to buy
the same amount of food. This situation is compounded
by the fact that during the dry seasons, livestock prices
tend to fall, while cereal prices rise. This leads to increased
food insecurity for livestock keeping houscholds and at
such times, the delivery of relief supplies and food; a mass
mobilization of resources expended by government and
humanitarian organizations.

The logistics of distributing this relief food are demanding
and expensive.

In addition, the demand for energy
(kerosene) to cook the food (primarily maize) increases,

A group of malnourished children rest in the shade

near Marigat, Kenya. Deteriorating terms of trade for
pastoralisis undermine efforis 10 enhance child nutrition,
livelihood, and health. A houschold roday may need 1o
sell twice as many goats as they wsed to sell to buy the
same amount of food. Photo by Christopher Barrett.

driving up fuel prices and resulting in increased pressure on
environmental resources to provide water, fuel wood and
charcoal; pressures leading to further land degradation.

T'he provision of market information such as practiced by
LINKS and RATIN equips planners and policy makers
with the tools to track price trends that can help to improve
decision-making and devise appropriate interventions
that mitigate the effects of deteriorating terms of trade
for pastoral households. A marketing information system
can also lead to changes in marketing behaviour, while
understanding market signals can play an effective role in
otienting producers towards markets. Such a system serves
to inform producers so that they can negotiate for berter
prices for their livestock. If producers get better returns,
the cash generated meets expenditures for goods and
services that they cannot produce at home, including non-
animal source foods, along with the opportunity to improve
their skewed terms of trade. This not only helps them to
improve the livelihood and health of their households,
but also creates demand for other goods and services in
the local and national market arenas, thus promoting trade
and economic growth.

A mother and her two children stand outside their hut
in Neambo, Kenya. Pastoral households like these do
not produce their own cereals, and therefore are heavily
dependent on external markets for maize, as well as
Jood donations in time of stress. This dependency
leaves pastoral households vulnerable to cereal grain
price increases and jeapordizes their overall food
security. Photo by Christopher Barrett,
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Changing Livelihoods, Risky Environments: Social and
Economic Change among Pastoralists in East Africa

John G. McPeak, Syracuse University; Peter D. Little,
Emory University; Cheryl R. Doss, Yale University;
Christopher B. Barrett, Cornell University

We are currently working on a book with the provisional title above. It summarizes our findings from our work with the
GL-CRSP Pastoral Risk Management (PARIMA) project. This briefoutlines the aim of the book, the approach in writing
it, and the key findings that have emerged. The final volume is expected ro be published in 2008. The book focuses on
providing insights into how livelihood strategies operate currently and how they have changed over time in pastoral areas.
We do this by placing the empirical evidence we gathered in the context of the research conducted previously in the PARIMA
area. We do find livestock remain central ro peoples livelibhoods, but also document other important sources of income that
both reduce poverty and vulnerability to poverty. We present evidence on how people view the risks they face and their
priorities for future development in their community. Importantly, we collected informarion from multiple sites, multiple
households within a site, and multiple individuals within households, so we are able to identify patterns that are generated
by inter community, inter household, or intra household differences.

Background

Given pastoralists’ centrality to many environmental,
security, economic and humanitarian concerns in Africa,
there is a critical need for donors, policymakers and
other researchers to obtain.a detailed understanding
of contemporary pastoralism. We draw on a decade of
in-depth, interdisciplinary research in multiple ethnic
communities across a broad swath of Ethiopia and Kenya
to offer an unprecedented, evidence-based, nuanced
perspective on contemporary pastoralism in east Africa.
The core of the evidence on which we draw was generated
by intensive fieldwork from 1997-2006 in six sites in
northern Kenya and five sites in southern Ethiopia. These
areas suffered the El Nifo floods of 1997-98, a severe
drought in 1999-2000, and a major drought again in
2005. In between, they enjoyed periods of recovery while
coping with changing policies and project interventions
and a constantly changing market environment. This
field research platform provides in depth insight into
how pastoralists manage the myriad risks they face, at
individual, household and community levels and how
they choose and adapt livelihoods to make the best of
their existence on the ecological, economic and political
margins of these two nations. We contextualize the
evidence from our recent ficldwork within the broader
historical record on pastoral practices in this area in
order to identify emerging trends, and to stress how
development policies could encourage the beneficial
trends we find while addressing emergent negative trends.
This book thus not only expands the research base on
pastoralism, it also has important implications for policy

at local, national and regional scales and touches on

a range of issues central to international development
studies more broadly.

Missing from current literature and policy discussions is a
sense of what pastoralism actually looks like across the full
bust-and-boom cycle, how it has adapted past practices
and institutions, and where it is likely headed in the
future. How do pastoralists respond to the risks they face,
including but not exclusively to crisis events, and how has
this changed over time? What are they doing in non-crisis
periods, and how has this changed over time? Do different
types of households have different livelihood responses
and, if so, why and with what consequence for their and
others’ well-being? To what degree do individuals within
households (for example, wives, sons, and daughters)
experience or perceive life in the arid and semi-arid lands
(ASAL) differently? Who are the success stories within
pastoralist communitics and what has allowed them to
create ad(lptﬂb]e 'Jnd SUCCCSSFUI IiVeIihOOdS?

This book is the first interdisciplinary attempt to
document how pastoralists and their communities have
responded to an increasingly risky environment marked
by climatic disturbances, armed conflicts, liberalized
markets and politico-economic instabilities. We do so
without losing sight of the fact that these are important
but infrequent events in the lives of the pastoralists and
argue there is much to learn from understanding the
pastoralists’ adaptations to change and their behavior
in non-crisis periods that draw comparatively little
attention.
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People, Livestock and Risk

The book’s main premise is that notwithstanding the
considerable, multidimensional risk pastoralists face,
livestock are and will remain the foundation for livelihoods
in the region EOI the fOrCSeCablC futurc. Anilnﬂl l]usbandry
represents the most economically efficient use of East Africa’s
rangelands and is thus a crucial element of any viable strategy
to support the livelihoods of the tens of millions of people
in the ASAL areas in Ethiopia and Kenya. Consequently,
pastoral risk management today is about how herders can
cope with increased economic and environmental pressures
without jeopardizing their key non-human asset, livestock.
The evolving strategies for accomplishing this and their
tensions and contradictions are key subjects of this book.

While livestock are fundamental to the economy and
cultures of the east African ASAL, however, the region’s
people are our focus. This reflects pastoralists’ clearly
expressed prioritization of basic human concerns — food
security, education, health — ahead of livestock or other
livelihood concerns. Despite considerable and costly
interventions in marketing, range management, wildlife
conservation and food aid over the years, our research
shows most pastoralists favor interventions that address
basic human needs: access to safe water, health care, and
education. This finding has important implications for
development programs, especially those that claim to focus
on the needs and priorities of pastoralists. The high demand
for the provision of basic human services shows just how
marginalized pastoral areas remain in terms of public service
provision and infrastructure. Although livestock are central
to pastoral systems, they are of distinctly second-order
concern behind elementary human needs.

The book’s core strength arises from the rich empirical base
we use to document patterns of well being and inequality in
the study sites, the emergence of new livelihood strategies,
marketing patterns and mechanisms and institutions for
managing risk, intra household variation in well being and
perceptions based on differences in gender and status, and
other important topics. We collected detailed, longitudinal
data that we use to develop our arguments, and present our
analyses of pastoral economies and institutions at individual,
household and community levels. The core of the data is
individual level survey data collected quarterly over the
period of 2000-2002 that followed up to three individuals
in each of 30 households in each of eleven communities
in the region. These individuals were interviewed annually
from 2004-2006. In addition, survey data at the community
level was collected monthly. This quantitative survey data
combined with qualitative data collected throughout the
region during this period provides an opportunity for
analysis at numerous levels. While due attention is given
to larger macro-structural and political contexts, the work
largely concentrates on understanding and explaining micro-

Treating sheep in East Africa. Photo by Chris Barrett.

economic and social behavior under conditions of risk and
uncertainty.

Other important features of the book further distinguish
it from previous contributions. First is the book’s spatial
and cross-cultural coverage. Unlike most social science
sources on East African pastoralists, this study covers several
different ethnic groups, and its spatial scope extends well
beyond a limited set of communities. This approach allows
for generalizations about social and economic processes that
are not possible with case studies of individual groups and
communities regardless of how richly derailed and insightful
they are. The northern geographic boundary of our study
area is about 130 km north of the Ethiopia/Kenya border.
The southern boundary is in north-central Kenya about 200
km north of Nairobi. The study region covers approximately
125,000 km” and includes several different ethnic groups
— the Il Chamus, Rendille, Samburu, Ariaal, Boran, and
Gabra in Kenya, and the Boran, Gabra and Guji in Ethiopia
— spanning a range of livelihoods, from agro-pastoralism
to more specialized pastoral systems. It also spans agro-
ecologies, from semi-arid (650 mm/year) to very arid (150
mm/year). Some of these communities have some access
to livestock and labor markets and to public services, while
others have almost no access to markets. Consequently, we can
compare and contrast emerging livelihood strategies across
a range of cultural, market, and agro-ecological conditions.

Second, the book presents longitudinal data to capture both
drought and post-drought periods over a ten-year period,
1997-2006. The detailed local economic and social data



demonstrate how shocks affect wealth accumulation and
welfare, reducing some household herd sizes to low levels
from which pastoral recovery is very difficult without
external resources. While other accounts focus on crisis
events themselves, rather than on the human actors, we
document how local populations actively responded, often
in extremely innovative ways, to a succession of different
shocks. They commonly employ different economic and
social strategies that often supplement rather than replace
their main livelihood of extensive livestock production.
Many strategies attempt to balance the cash demands of
the modern market economy with the spatial and seasonal
demands of mobile animal husbandry.

Third, because the study employed a random houschold
sampling technique based on local administrative units in
Kenya and Fthiopia, it includes many communities of former
pastoralists who have now settled in the region. By including
these people in our study, we gain considerable insights into
the dynamics of poverty and economic change in the area.
Many studics of East African pastoralism concentrate only
on those who still actively herd semi-nomadically and avoid
communities of settled

ex-pastoralists which,

ironically, are the fastest |

gl‘owing Segl]]ent Of tl]e . ol

population in some pastoral
The livelihood
strategies of ex-pastoralists

locations.

and settled populations ‘
differ in important ways
from those of mobile
pastoralists and are thus
crucially important to
understanding the pastoral
economy and to designing
appropriate development T
policy for the region. ‘ !
Fourth, by systematically
collecting data at multiple scales, we cannot only make
comparisons across communities, but also we can explore
the behaviors and well being of different households within
communities and of different individuals within households.
Pastoralists are too often treated as a homogeneous
mass of peoples and places. Our analyses reveal striking
heterogeneity, especially over time and space, but also
among households within specific pastoralist communities
and, in certain dimensions, among individuals within
households. We can consider gender issues both by
comparing male and female-headed houscholds and by
looking within male-headed households to understand how
the status within households affects both men and women.
Such analytical detail is important in targeting policy and
project interventions as well as in understanding the diverse
experiences of common phenomena.

The Kemise Cattle Market, Ethiopia. Photo by Peter Little.

Policy Relevance

Ultimately, this book thus offers not just an unprecedentedly
detailed, nuanced and broad perspective on pastoralism as
a subject unto itself. It also permits us to speak, indirectly
and directly, to several contemporary global debates of
consequence.

Poverty Reduction. This book makes a critical distinction
between poverty in pastoral areas and poverty among those
practicing pastoralism. It also offers rare documentation
of the dynamics of poverty for households throughout
the region during periods of drought and recovery that
contribute to an understanding of the complexities of
poverty and social and economic change in pastoral East
Africa and inform policymaking and project programming
for some of the poorest populations on carch.

Humanitarian versus Long Term Development Assistance.
We provide evidence as to how aid donors might improve the
effectiveness of their programs for this region, illustrate how
the tension between short-term humanitarian and long-term
development goals
can be reduced by
improved policy
design, and
document the way
humanitarian aid
impacts different
, groups
; study area.

in the

Climate
Variability.
Although extreme

. : climatic variability
S has always been

present in arid

and semi-arid

rangelands,
growing concern that climate variability is increasing with
climate change raises urgent questions about how best
to manage risk among poor populations. A critical first
step to ensure that residents of pastoral areas can cope
with existing and potentially increasing uncertainly about
climatic conditions is to investigate current risk management
practices and to identify policies that support the most
effective of these practices.

Decentralization and Community Driven Development.
Drawing on evidence from a range of cases of decentralization
in land management, conflict resolution, management of
marketing institutions and services provision, we find some
reason for optimism regarding increased local participation
in decision-making, targeting and governance. There
nonetheless exist real challenges, and one must guard against



a naive belief in the inherent superiority of local management
without adequate checks in place to resolve some of the tensions
and contradictions that often emerge with the devolution and
decentralization of resources and decision-making authority.

Development and Insecurity. National-level institutions are
generally weak and unable to effectively control banditry and
violence in the ASAL areas. In addition, our study region lies
perilously close to areas where the state has effectively ceased
to exist and where active armed insurrections are present.
We illustrate in our study how people cope with these risks
and identify the challenges and opportunities when trying to
improve well being in an environment where basic physical
security is not guaranteed.

Anticipated Audience

This book will speak to a range of highly topical issues in
contemporary international development studies and should

be of interest to academic audiences in African studies,
anthropology, development studies, pastoralism, range science,
as well as to a wide range of practicioners in development and
humanitarian organizations in sub-Saharan Africa. Rooted
in evidence gathered from ASAL areas, it provides critical
information that can be used by this audience in addressing
the development challenges posed in the region.

Further Reading

McPeak, J. and P. Little, editors. 2006. Pastoral Livestock
Marketing in Eastern Africa: Research and Policy Challenges.
Warwickshire, UK: Intermediate Technology Publications.
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How Are They Surviving Out There?
An Analysis of Total Income in the PARIMA Study Sites

John McPeak, Syracuse University
LiTEK Project
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One of the most commonly used measures of well being in economics is income. In our study area, special care must be
taken in measuring income as much of household income is derived from the home consumption of home produced goods.
This brief presents some preliminary findings on income generation patterns in the study sites when we attempt to measure
total income that includes both cash income and the value of home produced and consumed goods. We find that poverty
is more widespread and deep in our Ethiopian sites than our Kenyan sites. We also find that livestock remain central to
income generation, and home produced and consumed milk in particular plays a prominent role in ensuring survival.
Food aid is found to be an important source of income, but our evidence suggests fears of widespread food aid dependence
are not warranted. Income from cropping plays a minor role, and income that comes from salary or wage labor is present

in Kenya but almost totally absent in the Ethiopian sites.

Methods

We conducted surveys every three months in five sites in
Ethiopia and six sites in Kenya, starting in June 2000 and
ending in August 2002 (rounds below will be coded with
the first two digits corresponding to the month the survey
was launched and the second two digits are the year; 0600
is June 2000 and so on). Household heads were asked to
report on all acrivities that generated cash income such
as livestock sales, trade, or working for wages / salary.
We also recorded information on household production
in the form of milk, home-slaughtered and consumed
animals, and harvested crops. For each home produced
and consumed item reported, we applied the average price
for the commodity observed during that time period in
the site where the household resides to approximate the
value of this commodity in terms of income. We also
applied the market price to any food aid rations that were
given to the household in the period, again using observed
local market prices. Finally, we calculated the net value
of any other transfer in or out of the household (cash
gifts, livestock gifts, food gifts) to capture these income
flows. Total income was calculated for the household
for a three month period in either Ethiopian Birr or
Kenyan Shillings. It was then divided by the number
of members in the household reported in the survey to
arrive at a per capita figure, then by 91.25 (one fourth of
365 days) to state income per capita in per day terms. To
compare across countries, income data is then converted
to US Dollar equivalents, using an exchange rate of 8.4
Birr and 78 Shillings to the dollar respectively. This
brief presents our findings on income levels and income
generation patterns in our survey area. See Table 1 (next
page) for a list of the sites and site characteristics that led
their selection for the study.

Preliminary Findings

Income levels. A striking feature of our findings is that
the average total income per person per day in all of our
Kenyan sites is larger than that calculated in the Ethiopian
sites. Average per capita total income over all observations
in Ethiopia is $0.12, while in Kenya the average is $0.40.
As illustrated in Figure 1, there is more variation over
time in the Kenyan average than the Ethiopian average,
although the average total income per capita per time
period is always greater than the corresponding figure for
Ethiopia. The pattern of income in the Kenyan sites is
likely related to the drought that gripped the area in 2000,
with recovery in 2001-2002. However, the same drought
hit in southern Ethiopia, yer there is much less decline or
recovery noted in figure one. We can also use the total
income figures to calculate some measures of poverty.
Using a 50 cent per person per day poverty line, we can
derive a poverty headcount index measure of 96% for
Ethiopia and 75% for Kenya (at the conventional $1 per
person per day poverty line the corresponding measures
are 99% and 92%). A measure of the depth of poverty
is the average income shortfall — how much would it rake
on average to bring a person below the poverty line up o
the poverty line. At the 50 cent poverty line, this measure
is 41 cents for the average poor person in Ethiopia and
33 cents for the average poor person in Kenya. Both in
incidence and depth, poverty is more pronounced in the
Ethiopian sites than the Kenyan ones, though by any
reasonable measure, there is quite severe poverty in the
Kenya sites as well.

The overall country averages also mask some differences
across sites as illustrated in Table 2. In this table, average
total income for all periods is calculated for each site, and
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Table 1. Sites in the PARIMA study.

Site Name Country lei(:st Ethnic Majority Ai‘;::l:g:lal Annual Rainfall
Dirib Gumbo Kenya Medium Boran High 650
Kargi Kenya Low Rendille Low 200
Logologo Kenya Medium Arjaal Medium-Low 250
Ng'ambo Kenya High I Chamus High 650
North Horr Kenya Low Gabra Low 150
Sugata Marmar Kenya High Samburu Medium 500
Dida Hara Lthiopia Medium Boran Medium 500
Dillo Ethiopia Low Boran Low 400
Finchawa Ethiopia High Guii High 650
Qorate Ethiopia Low Boran Low 450
Wachille Ethiopia Medium Boran Medium 550

sites are ordered from highest to lowest value. The middle
column reports what share of total income is accounted
for by cash. The final column reports the calculated Gini
coefficient for the distribution of household total income,
calculated from the average household total income over
all periods. A Gini index measures inequality in income,
with a value of 0 corresponding to perfect equality, and 1
indicating extreme inequality.

Although there are important exceptions (Kargi and
Finchawa most notably), it appears that greater involvement
in the cash cconomy and higher total income per person per
day are positively correlated (using the household level data
for all periods, the correlation is 0.06 in Kenya and 0.16
in Ethiopia). It also appears that there is an ambiguous
relationship between mean income and income inequality.
Though not a perfect fit, it does seem that there may be
a relationship between income inequality and rainfall:
places with higher rainfall (Sugata Marmar, Ng’ambo, and
Finchawa are the highest rainfall sites) are relacively unequal
while places with lower rainfall (Kargi and North Horr are
the lowest rainfall sites) are relatively equal. Explaining these
patterns certainly merits further analysis.

Table 2. Total income per person per day by site.

Income Sources. Tables 3 and 4 present the sources of
total income. Table 3 presents the per-period average for
all Ethiopian sites, and Table 4 shows similar information
for the Kenyan sites.

A few general impressions emerge by considering these
figures. First, the livestock base of the economy is quite
evident: Overall, 66% of total income in Ethiopia and
48% in Kenya comes from livestock (milk, slaughters,
and sales). The figures also reveal that milk plays a critical
role in income generation in these sites, as it is the largest
percent contributor to income in almost all periods in
both countries. Livestock sales play an important role as
well, but account for a smaller share than milk. It is worth
noting that crop harvests play a relatively minor role in
income generation. While there are areas where cropping
is growing in prevalence, these figures indicate that there is
little evidence of a major shift from livestock raising to crop
raising in terms of income sources.

Another message from the figures is that food aid plays
an important role in generating total income, but it is
not the case that it dominates income generation except
in a few specific time periods. Overall, the value of food
aid in total income for all periods is 23% in Ethiopia (a

maximum of 50% is reached

in September 2000) and
Average income per Cash i Gini measure 20% in Kenya (a maximum

ash income share 3 .
person per day over all ol iiome of total income of 35% in December 2000).
periods in USD inequality The first half of the data
Kargi, Kenya $0.56 28% 0.38 captures a drought period,
Logologo, Kenya 30,50 3% 039 and comparing all three
Sugata Marmar, Kenya $0.45 62% 061 figures it seems that food
North Horr, Kenya 50.34 31% 0.30 aid prevented Kenyan
N'gambo, Kenya $0.29 44% 0.47 households from being
Dirib Gumbo, Kenya $0.26 41% 037 more severely impacted by
Qorati, Ethiopia 50.17 9% 0.25 the drought and sustained
Dida Harg, Ethiopia $0.16 o 20% I 052 | Echiopian houscholds at
Finchawa, Ethiopia 50,11 0% 0.48 a roughly equal level over
Wachille, Ethiopia S0.10 22% 0.25 ume. It does not appear
Dillo, Ethiopia 5005 15% 0.34 to be the case that food aid




Figure 1. Average total income per person per day by country by period.
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is the sole means of supporting household through the
crisis periods — rather, food aid serves as a supplement to
household income generation activities. Obraining wage and
salary income is much more pronounced in Kenya than in
the Ethiopian sites (14% as compared to 1% for all periods).
Similarly, trading generates 9% of total income in Kenya
and 2% in Ethiopia. Links to the cash labor economy and
markets are clearly more developed in northern Kenya than
southern Ethiopia.

Practical Implications
As noted by the income per capita per day figures, even
our relatively well off sites are characterized by a great deal

of absolute poverty. The incidence and depth of income

Table 3. Sources of total income by period in Ethiopia.

0901
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M\_N.——/\\#f—”

1201 0302 0602

poverty are more pronounced in our sites in Ethiopia than
those in Kenya, though in both countries there is a case
to be made based on these findings that there is a logical
connection between development in pastoral areas and the
overall goal of poverty reduction.

One practical implication of these findings is that livestock
raising is and will almost certainly be the future foundation
of the economy of these areas.
and poverty reduction can thus be built around this core
economic activity. It is notable that milk production plays

Pastoral development

such a large role in total income generation. It merits further
investigation to see whether there are sustainable ways that
milk production can be improved by improved feeding,
veterinary care and treatment, breeding programs, or other

Milk Slaughter Livestock Trade Wage, | Non Food aid Food Harvest
sale Salary Net Gift Aid value
0600 33% 2% 17% 2% 1% 0% 46% 0%
0900 23% 1% 22% 1% 0% % 50% %
1200 37% 1% 16% 1% 2% 1% 41% %
0301 26% 0% 18% 3% 3% 1% 23% 20%
0601 58% (% 16% 4% 2% 1% 17% 2%
0901 49% 1% 13% 2% 1% 2% 18% 15%
1201 05% 1% 25% 3% 1% 3% 2% 0%
0302 79% 0% 8% 3% 2% 5% 2% 0%
0602 71% 2% 11% 2% 0% 1% 4% 8%
Table 4. Sources of toral income by period in Kenya.
Milk Slaughter | Livestock Trade Wage, | Non Food aid Food Harvest
sale Salary Net Gift Aid value
0600 35% 9% 19% 7% 14% 4% 13% 0%
0900 20% 6% 15% % 15% 4% 27% 1%
1200 28% 4% 7% 8% 11% ki 35% 2%
0301 32% 2% 10% 1% 13% 4% 28% 0%
0601 30% 2% 9% 14% 16% 4% 22% %
0901 20% 4% 1% 11% 17% 3% 26% 3%
1201 40% 2% 9% 12% 15% 4% 16% 2%
0302 45% 3% 5% 8% 14% 5% 6% 13%




type of intervention.  While improving livestock marketing
has received more attention recently, it may also be worth

considering ways to improve milk production as well.

Another finding is that food aid dependency is not all that
severe a problem. While food aid certainly plays a role in
the overall income generation portfolio of people in these
areas, it contributes less than they earn from other sources.
Finally, connections to the cash economy do not seem to harm
household income levels, and in fact are positively correlated
with higher rotal income levels. Beneficial connections to labor
markets and trade provide supplemental income streams that

should be supported when possible.

Further Reading

McPeak, J. and I Little, editors. 2006. Pastoral Livestock
Mavketing in Eastern Africa: Research and Policy Challenges.
Warwickshire, UK: Intermediate Technology Publications.
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A major source of risk facing Ethiopian and Kenyan pastoralists is the death of their livestock. Livestock deaths confront
households not just due to the lost value of the animal itself; but also from the lost future potential of the animal to provide a
flow of livestock products such as milk, blood, transport, or traction in the future. The well-known ‘boom and bust cycle in
arid and semi-arid rangelands is based on widespread, sudden deaths of animals, followed by a long slow process of rebuilding
the herd. Researchers from the PARIMA (Pastoral Risk Management) project asked herders over the course of a ‘boom and
bust’ cycle from 2000 to 2002 to report on the reasons for each animal that died in their herd. This brief presents findings
on their responses. The main finding is that deaths attributed to drought (58%) are the leading cause of animal death in
the period. Animal disease (28%) and predators (6%) are also significant contributors to animal deaths. It is shown that
drought deaths are concentvated in specific time periods. These findings indicate that the main interventions that will help
reduce the risks associated with pastoral production should focus on reducing the impact of asset loss in droughts. It is also

clear that projects focusing on improved livestock health could lead to a significant reduction in livestock losses.

Background

Over the course of the PARIMA (Pastoral Risk
Management) project, the research team spent
considerable effort on the analysis of household level
responses to the risk of livestock loss and long-term
herd dynamics (Lybbert et al. 2004; McPeak 2004,
2005, 2006a, and 2006b). The PARIMA project was
developed alongside major advances in the study of
rangeland ecosystems, such as the evidence collected in
Range Ecology ar Disequilibrium (1993) and other related
publications. This ‘new range ecology,” as it has been
called, is based on the argument that ‘boom and bust’
cycles are inherent to extensive grazing systems that utilize
rain-fed grasslands in arid and semi-arid areas. Researchers
with the PARIMA team developed their fieldwork with
a goal of understanding how people in these rangelands
make decisions in the face of these kinds of risks and
herd dynamics and seeking to understand the underlying
causes of these dynamics.

An example of a ‘boom and bust’ cycle is illustrated in
Figure 1 using the PARIMA and other data sets gathered
from Gabra herders in the Chalbi basin. On this figure,
the y-axis records median herd size measured in Tropical
Livestock Units (TLU) for the sampled herders, and the
x-axis records time periods and source of the data. Here,
studies by Torry (T) in 1970, O’Leary (O) in the early
1980s, McPeak in the 1990s (M), and PARIMA work
from 2000-2002 referenced above (P) are put on a single
graph. The first two surveys were single round surveys,
and the latter two record quarterly data over multiple
years, hence the -1, -2, -3, and -4 notation. Thus, the

time intervals and sampling methodology differ. It is
worth stressing thart the x-axis is not equally spaced over
time as the sampling frequency varies, and there are gaps
of time between surveys. However, this does give some
sense of long-term herd dynamics in the area.

Figure 1 illustrates that household herd size volatility
over time may be pronounced. While the PARIMA
team has made progress answering how the possibility
of livestock loss influences pastoral decision making, the
uncertainty of the causes of all of these livestock deaths
became increasingly evident to members of the research
team. Often, the answer was ‘drought,” but this was in
some ways unsatisfying since it often seemed rautological
— it was a drought since many animals died rather than
a drought as defined by some metrological or rangeland
productivity measure. This brief describes how the write
up of the PARIMA findings as conducted by the LITEK
team has moved towards understanding the underlying
forces that lead to livestock mortality.

Preliminary Findings

While this brief sets the stage for an analysis of the
underlying causes of livestock mortality, it is worth
noting that considerable work remains concerning
explanations of livestock deaths in the pastoral rangelands.
The PARIMA data set is used to provide the context for
understanding livestock mortality. Simply put, why do
herders think their animals died, and what do the patterns
in their responses mean?
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Figure 1. Herd size over time for Gabra herders in the Chalbi area. Source: McPeak 2006a.
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First, consider spatial and temporal variability in the
mortality data. Temporal variability is represented by the
reported value of deaths in TLU terms in both the rainy
season and the following dry season (a six month period)
divided by the TLU herd size reported at the start of the
rainy season to get a seasonal mortality rate. This variable
describes what percent of the herd died in the six months
after the start of the rainy season. The spatial variability is
represented by calculating the mean mortality rate for each
of the eleven study sites. These figures are reported in Table
1, which covers four seasons (two years) of data.

The values in Table 1 illustrate there is significant spatial
variation in the impact of a drought event that is being
masked in Figure 1 by pooling data across all sites. Three
main patterns are captured by this table.
One pattern is that it was a year-long

as dying. The number
of deaths that were reported to be from a particular cause in
each site in each time period can be categorized and counted.
A death to any animal (camel, cattle, sheep or goat) is given
equal weight in the summation in this presentation of the
findings. If multiple causes of a single death were identified,
each of the causes listed was given equal fractional shares of
the one death recorded.

Over half of all mortality (58%) reported in the survey
was attributed to drought or a drought related causes. The
second leading cause of death is disease. Over one quarter
(28%) of all animal deaths were attributed to diseases.
Predators are also identified as a problem leading to 6%
of deaths, and a variety of other causes account for the
remaining 10% of deaths.

Table 1. Six month mortality rates by season and site.

drought, with losses greater than 10%
occurring in two consecutive six-month
seasons. This would be the pattern in

Ng'ambo, Logologo, Sugata Marmar,

Kargi, Wachille, and Dirib Gumbo. A

second pattern is a sharp drop in one

six-month time period, after which the

losses were not very large. Dillo, Dida
Hara, Finchawa, and North Horr fit this

pattern (though it is possible that there
were losses in the season before the data
gathering began in these sites which were
not recorded). Finally, there is one site,

Qorati, where it appears there were no
significant losses. Whether the fact that

this ‘bust’ exerted an impact over the
course of two seasons is a general pattern

or due to the nature of this particular

event is something currently being

researched by members of the LITEK

o Mar2000- | Oct2000- | Mar2001- | Oct2001-

i Sept 2000 Feb 2001 Sept 2001 Feb 2002
Ng'ambo, Kenya 45% 13% 5% 1% ‘
Dillo, Ethiopia 34% 7% 0% 1%

Dida Hara, Ethiopia 31% 5% 3% 3% |
Logologo, Kenya 28% 25% 3% 2%
Sugata Marmar, Kenya 25% 11% 7% 5%

' Finchawa, Ethiopia 24% 2% 3% 0%
Kargi, Kenya 23% 17% 7% 4%
Wachille, Ethiopia 23% 12% 3% 5%
Dirib Gumbo, Kenya 20% 43% 6% 1%
North Horr, Kenya 14% 9% 0% 0%
Qorati, Ethiopia 3% 1% 0% 1%




Table 2. Total deaths by survey round and cause of death.

Survey round :))arsw.smrc,lf;ttil:v(::io(t)s Disease | Predator | Accident slilvt‘rint:ﬂler Old age | Rain/cold 3::1_1( kel Other
emaciation
June 2000 1446 417 32 6 11 7 0 0 12
Septerr;ber 2000 699 177 54 4 13 6 0 0 16
December 2000 440 218 37 6 0 10 75 57 26
March 2001 79 (5 29 18 0 2 5 27 10
June 2001 0 63 19 1 0 0 0 1 6
September 2001 7 132 13 1 0 0 0 0 14
December 2001 0 114 58 5 0 2 0 0 5
March 2002 0 58 Al 0 0 0 0 1 0
June 2002 0 51 16 1 0 0 0 0 10

The temporal pattern of these deaths is informative. Table
2 presents the causes of death by survey round and the
number of deaths recorded in the survey. The deaths from
drought, and the magnitude of total loss, are largest in the
earlier rounds of the survey. Animal disease does lead to
more deaths in the earlier rounds than the later rounds but
is more of a constant problem besetting herders.

One final perspective on patterns in livestock loss can be
found by considering spatial patterns in the magnitude
of livestock deaths. Findings suggest that vulnerability to
animal losses in drought is not necessarily associated with
lower well-being. In fact, with the exception of Dida Hara
in Ethiopia, the five sites with the highest number of animal
deaths (Kargi, North Horr, Ng’ambo, and Logologo) are also
in the top five for average income per site as reported in an
carlier research brief (McPeak 2008). Also, the ordering
of the number of deaths is not necessarily indicative of the
mortality rates, which makes sense given that average herd
size varies across the sites. While it is true that having more
animals is associated with losing more animals and that well-
being declines when animals die, there is no clear indication
that being in a site where many of animals die in a drought
means one is in a site with lower average well-being.

Practical Implications

Related briefs have stressed that livestock and livestock
products are critical to generating income for residents of
pastoral areas (McPeak 2009). Losses of livestock assets
can have a direct adverse impact on people’s well-being.
Understanding what leads to livestock losses is therefore
a critical challenge facing development efforts to improve
the incomes and reduce the vulnerability of people living
in pastoral areas. This brief illustrates that animal deaths
are not distributed evenly across time. More animals died
in each of the first three survey rounds in 2000 (June, 869

animals; September, 836; and December, 829) than the total
deaths in the subsequent six rounds combined (total March
2001-June 2002, 675). Both drought and disease losses are
concentrated in these three periods. This has led members of
the LiTEK team and others to develop a program for index
based livestock insurance in this area (Carter et al. 2008).
This project is currently working to understand how remote
sensing can be used to estimate when deaths are likely and to
design commercial insurance products to help address this
risk. Other projects active in this area, such as the Pastoralist
Livelihood Initiative, have been exploring emergency feeding
operations during droughts as an alternative to restocking
after a drought (2007). Both insurance and emergency
feeding operations could aid in minimizing the negative
impact to household well-being due to droughts.

Furthermore, animal deaths are not distributed evenly across
space. Three of the eleven sites, Kargi, Dida Hara, and North
Horr account for 50% of recorded losses. This is perhaps
not surprising, as these are three of the top four sites when
ranked by TLU per capita in this survey; they have bigger
herds so they have more to lose. However, it does illustrate
that the magnitude of herd losses for a widely experienced
drought, such as the one of early 2000, may have very
different impacts by site. Any policy to help herders confront
the risk of asset loss will have to recognize differences across
sites in the impact of droughts. ‘

Findings presented in this brief illustrate that livestock
diseases and predators account for over one-third of deaths.
Although drought is the major story revealed by this analysis,
it is important not to overlook the fact that these two causes
present different challenges and account for a significant
amount of livestock deaths. Improved disease control in
livestock and improved wildlife management could address
two other significant sources of risk that lead to livestock
losses.
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In a prior research brief entitled “How Are They Surviving Out There? An Analysis of Total Income in the PARIMA Study
Sites” (GL-CRSP Research Brief 08-02-LiTEK), the author described variation in total income across the eleven PARIMA
study sites in southern Ethiopia and northern Kenya. Total income includes both cash income and the implicit cash value
of goods that are produced and consumed by the household members without ever entering a market. Further analysis of
the data presented in the earlier brief has revealed that access to cash income and access to livestock are key determinants in
the generation of total income. In the curvent brief; focus is placed on how cash income is generated by different livelihood
groups in the overall sample. Two important findings are that cash income from livestock and livestock product sales is
Jound to be critical for all groups in the sample and that those with higher cash access are more reliant on wage, salary,
business, and trade than those with lower cash access. Detailed findings on access to cash income illustrate that: income
Jrom livestock and livestock products is the most equally distributed of the sources considered; income from wage, salary,
trade and business income is more unequally distributed; and income from sales of crafts, fuelwood, and water is the most
unequally distributed. Two main policy implications are drawn. First, improving cash returns from improving livestock
and livestock product markets impacts the largest share of cash income for the overall sample and impacts the type of income
that is most widespread amongst the sample. Second, policies that increase access to wage, salary, trade, and business income

offer the potential to increase income levels.

Background

In a prior research brief entitled “How Are They Surviving
Out There? An Analysis of Total Income in the PARIMA
Study Sites” (GL-CRSP Research Brief 08-02-LiTEK),
the author described variation in total income across
the eleven PARIMA (Pastoral Risk Management) study
sites in southern Ethiopia and northern Kenya. Total
income includes both cash income and the implicit cash
value of goods that are produced and consumed by the
household members without ever entering a market.
Further analysis of the data presented in the earlier brief
has revealed that access to cash income and access to
livestock are key determinants in the generation of total
income in pastoral areas.

Method. The analysis is conducted by returning to the
PARIMA panel data set and recalling the distinction
between cash income and total income drawn in the
earlier brief. To summarize, total income combines cash
income with the implicit value of home produced and
consumed goods. Cash income is thus the subset of total
income that is explicitly earned in the form of cash. In
the overall sample, one third of total income is obtained
in the form of cash; the other two thirds are not in the
form of cash. As was stressed in the earlier brief, 41% of
total income comes in the form of milk, underscoring
the importance of livestock in generating income for
people in this area.

This brief focuses on patterns in cash generation for the
third of total income that comes in the form of cash. The
analysis of household income generating strategies being
conducted by the LITEK team is based on dividing up
the sample into four livelihood categories. Assignment
of a household to one of the four categories is determined
by access to two critical variables; cash income per person
per day in the household, and livestock per capita in
the household. Households are assigned to a category
depending on whether the value of each variable is higher
or lower than the median for all households in the sample.
As this is panel data, the assignment is based on the value
of the variable the first time the household was surveyed.
Households are in one of four categories: the poorest of
the poor (cash lower, livestock lower); those who may be
more directly dependent on livestock products without
significant market interaction (cash lower, livestock
higher); those who may have found income generating
activities outside of the livestock sector either by choice
or necessity (cash higher, livestock lower); or those who
combine higher than average access to the two assets (cash

higher, livestock higher).
Major Findings

Table 1 reports the mean cash income for each category,
and the coefficient of variation over time for cach

GLosaL Livestock COLLABORATIVE RESEARCH SuPPORT PROGRAM
UNIVERSITY OF CALIFORNIA = DAvis m 258 HunT HALL m DAvis, CALIFORNIA 95616 USA
PHONE 530-752-1721 m Fax 530-752-7523 m E-MAaL glcrsp@ucdavis.edu m Wes glcrsp.ucdavis.edu



Table 1. Mean cash income per person per day in US dollars (and
coefficient of variation in income over time) by livelihood category.
e Tz v I AR R T TR I

$0.05 (2.08)
$0.04 (1.75)

$0.14 (1.31)
$0.20 (1.14)

category. The coefficient of variation is calculated by
taking mean household cash income over time and using
it in the denominator with the standard deviation of
household level cash income over time as the numerator.
This generates a household specific coefficient of variation
in cash income over time expressed as relative household
variability about the household mean. This is then averaged
across all houscholds in a livelihood category to generate a
representative coefficient of variation for each livelihood
category. This illustrates the degree of variation over time in
cash income at the household level for the average household
in each category. All else equal, a higher coefficient of
variation indicates higher vulnerability as it reflects a more
variable cash income flow over time.

The values in this table provide two important findings.
First, the cash lower - cash higher groups are clearly distinct
groups in terms of the means. Cash income levels observed
in the first round households were surveyed are therefore
good predictors of cash income levels over multiple rounds
of the survey; those more involved in the cash economy
in the survey observation used to categorize livelihood
groups tend to stay more involved in the cash economy in
subsequent rounds. This suggests there is some support to
the approach used to categorize households with regard to
this variable. In contrast, access to livestock is not playing
a significant role in determining average cash incomes over
time when considering differences in a given column across
the rows. Recalling that 41% of total income comes in the
form of milk provides a reason that this variable can be used
to divide households into livelihood categories. Somewhat
more subtly, it is possible to see that household level variation
about the mean for cash income is lower for those who are
in the higher cash groups, and that it is lowest for those
who can be considered the best off (livestock higher, cash
higher) and highest for those who are arguably the worst

off (livestock lower, cash lower). The difficulties faced by
the more disadvantaged groups are not just represented in
the lower mean income, but also in greater vulnerability to
variation about this mean than better off groups.

Table 1 provides evidence that access to cash income may
differ by livelihood category. Do patterns of obtaining
cash income also vary by livelihood category, and do these
patterns help understand the difference in access to the
cash economy across groups? To begin with, consider the
magnitude of combined cash income from each of the
following categories for the entire sample: livestock and
livestock product sales (60% - 54% from livestock, 5%
from milk, and 1% from hides and skins); wage and salary
employment (17%); trade and business (12%); net cash
transfers (8%"); natural resource harvesting in the form of
water sales, firewood or charcoal sales, and craft sales (3%).
Wage and salary, trade and business, and net cash transfers
will be combined for ease of exposition below. Returning to
the livelihood categories allows investigation of how much
cash income per person per day is coming into the average
household in each livelihood category from these sources.
Table 2 presents the cash income per person per day for
sources of this income for each category.

The first finding of Table 2 is that livestock and livestock
products provide the key link to the cash economy for
most study households. This is immediately apparent for
the values in Table 2 for all but the cash higher livestock
lower group. For this group, the mean wage and salary
contribution is higher than livestock and livestock products,
but as will be illustrated, there is a great deal of inequality in
the distribution of cash income from wage and salary. This
inequality leads to the result that even though mean income
from wage and salary is higher than livestock and livestock
products for this group, median income from each of these
sources is equal at $0.02. Another important finding is that
the higher cash groups have significantly more non-livestock
cash income coming from wage and salary and from trade
and business. The two lower cash groups are clearly different
from the two higher cash groups in the wage and salary and
trade and business columns. Net gifts are modest and seem,
if anything, to go to those with more livestock. Finally, no
group is making significant cash income from sources such as

Table 2. Cash income per person per day by livelihood category and source of income. * The numbers in Table 1 and Table 2 are consistent,

but do not tally due to rounding.

) $0.03 $0.01 $0.01 $0.001 $0.00
$0.03 $0.01 $0.01 $0.000 $0.01
$0.04 $0.07 $0.03 $0.003 $0.00
$0.08 $0.07 $0.05 $0.003 $0.01
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Figure 1. Lorenz curves for distribution of cash income sources across households.
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water selling, firewood selling, or craft sales. These activities,
which might be seen as potential labor intensive/lower skilled
entry points to the cash economy, offer little in the way of
significant cash returns overall for any group.

As just discussed, there are reasons that averages as reflected
in means may not be fully informative about the impact
of different cash income sources if the distribution of this
source of income is not widespread across households. This
can be illustrated by considetring Lorenz curves. A Lorenz
curve describes what percent of a total asset (on the y axis)
is controlled by what percent of the population (on the x
axis), if the population is ordered from left to right by least
control to most control. Here, the asset is cash income
from a particular source. The closer a Lorenz curve is to
a 45-degree line, the more equal the distribution of the
asset (on a 45-degree line, 10% of the population controls
10% of the asset; 50% controls 50%, and so on). Figure
1 illustrates Lornez curves for the distribution of livestock
and livestock product cash income; wage and salary, trade
and business cash income; and income from water, firewood
and craft sales across the households of the sample. It is
visually apparent that livestock and livestock product cash
income is much more equally spread across the households
in the sample, while income from the other sources is heavily
skewed towards a few households. These curves imply
that the upper quartile of each cash source controls: 71%
of the income from livestock and livestock products; 92%
for the wage and related sources; and 100% for the water
and related sources. From another perspective this figure
illustrates that: 21% of households earn zero cash income
from livestock and livestock products; 45% earn zero from
wage and related sources, and 77% earn zero from water
and related sources.

Practical Implications

In the preceding brief, the importance of milk produced in
generating total income in the PARIMA sample was stressed,
suggesting improving milk productivity had the potential to
impact many households positively in the study area. Here,
the findings are related in that cash income from livestock
and livestock product sales is found to be most important,
both in terms of the average contribution to income and
in terms of how many people are gaining income from this
category. Simply put, livestock and livestock products are
the core element to how people in pastoral areas generate
both total income and cash income. The most effective and
direct efforts to increase incomes in this area should therefore
target increasing returns to livestock and livestock products.
While this may not be surprising, it is still worth stressing
that livestock are the key to this economy and to people’s
well-being within ic.

It is also notable that a key distinguishing feature between
those with higher cash incomes compared to lower cash
incomes is access to the economy through wages, salary,
trade, and business. An emphasis on livestock and livestock
products is important, but it should not lead development
efforts to focus solely on livestock production. Access to
the cash economy through formal sector employment or
trade and business can be fostered at one level by improving
education, at another by developing management skills, and
also by improving access to credit that will allow increased
investment that will lead to more involvement in the cash
economy in these arcas. When addressed together, these
kinds of efforts offer the promise of improving well-being
and reducing poverty and vulnerability of pastoralists in
East Africa.



Further Reading

McPeak, J. 2008. “How Are They Surviving Out There? An Analysis of Total Income in the PARIMA Study Sites.” Research Brief
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Endnotes

"Denoting the lower cash lower livestock group as 1, the lower cash higher livestock group as 2, the higher cash lower livestock group as
3, and the higher cash higher livestock group as 4, the difference in means is not statistically significant between groups 1 and 2 and
between groups 3 and 4. All other comparisons are significant at a 5% or better level. For the coefficient of variation, the differences
are statistically different at the 1% level for groups 1 and 4 and 3 and 4, and at the 5% level for groups 2 and 3. Significance is
determined by a t-test assuming unequal variances.

“In retrospect, researchers were not as precise in wording the question about net gifis as they would like to have been. [t is not possible
to draw a clear distinction between cash gifis from people resident in the area and outside the area due to the wording of the question.
Researchers believe a laige part of this can be thought of as urban to rural remittances but do not have the data to distinguish gifts
originating out of the community from those originating within the community.

About the Author: Dr. John McPeal is an Associate Professor in the Department of Public Administration at Syracuse University.
Emalil: jomcpeak@maxwell.syr.edu.

The Pastoral Risk Management project (PARIMA) was established in 1997 and conducts research, training, and outreach in
an effort to improve welfare of pastoral and agro-pastoral peoples with a focus on northern Kenya and southern Ethiopia. The
PARIMA project is led by Dr. D. Layne Coppock, Utah Srate University. Email: Lecoppock@cc.usu.edu. LITEK is a continuation
of the PARIMA project led by Dr. John McPeak, Syracuse University, that focuses on issues of livestock marketing and the
compilation of PARIMA research findings. Email: jomepeak@maxwell.syr.edu.

economic growth, environment and policy related to animal agriculture and linked by a global theme of risk in a

’9 The Global Livestock CRSP is comprised of multidisciplinary, collaborative projects focused on human nutrition,

changing environment. The program is active in East and West Africa, Central Asia and Latin America.
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Risk Ranking in Northern Mali

John McPeak, Syracuse University; and Matthew Turner,
University of Wisconsin-Madison
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Livestock producers in sub-Sabaran Africa face a great deal of risk, and have long established coping mechanisms to manage
these risks. A goal of GL-CRSP Mali Livestock and Pastoralist Initiative (MLPI) risk management research in 2008

was to identify the kinds of risks residents of Tenenkou cercle, an administrative subdivision of the Mopti region in Mali,

identify as most prominent. The Inland Niger Delta, found within the Mopti region, represents an important dry season

pasture resource for a significant fraction of Malis livestock population. We also sought to understand how assessments of
risk could vary across sites, seasons, livelibood groups, and gender. [n this preliminary approach to the issue, we conducted
open-cnded interviews with groups of people in an area known in great depth by one member of the research team (Turner).

This initial approach was designed to address a second goal of MLPI preliminary research, which was to understand how
to pose questions in a larger risk management survey fielded in 2009. Findings from the preliminary approach indicate
that there are some similarities and contrasts between the risks identified in the GL-CRSP PARIMA project Fast African

study and the current Mali study, while the main differences between the two areas would appear to be related to the
higher reliance on markets in East Africa and the greater reliance on cropping within the Malian study population. The
impression left by these findings is that risk perceptions in Tenenkow may in fact vary more within a geographically defined
community than was the case among the PARIMA study population in Kenya and Ethiopia. While there is heterogeneity
within communities in the East African sample, it would appear that the social complexities are imuch more pronounced in
the Inland Delta of Mali. These preliminary findings led us to initiate a broader study of visk management in the MLPI
study area designed ro be consistent with work done by the Consultative Group for International Agricultural Researchs
(CGIAR) Systemwide Livestock Program, which ran similar risk surveys in Niger and Kenya. Results based on this

Mali Livestock and Pastoralist Initiative

comparative work are expected to be generated in 2010.
Background

risk is the “work of God” (golle Allab). Phrased in this

Livestock producers in sub-Saharan Africa face a great

deal of risk, and have long established coping mechanisms
to manage these risks. A goal of the Mali Livestock and
Pastoralist Initiative (MLPI) risk management research
in 2008 was to identify the kinds of risks residents of
Tenenkou cercle, an administrative subdivision of the
Mopti region in Mali, identify as most prominent. The
Inland Niger Delta, found within the Mopt region,
represents an important dry season pasture resource for
a significant fraction of Mali’s livestock population. We
also sought to understand how assessments of risk could
vary across sites, seasons, livelihood groups, and gender.

A core issue confronted when conducting a study of risk
perceptions is the meaning of ‘risk’ in a particular context.
How do people understand risk and vulnerability, and in
a related fashion, what words do they use to describe
We found three core challenges in
approaching the question of risk perceptions in the

these concepts?
Tenenkou area.

First, the idea of an individual’s risk exposure was hard
to linguiscically isolate from the idea of an individual’s

risky behavior.  The closest translation of exogenous

way, it proved somewhat difficult to talk about how
people’s actions expose them to differential exogenous
risk. The literal translation of risk is associated with an
individual’s endogenous behavior, in the sense that bad
outcomes are the result of bad choices, as compared to
covariate exposure to exogenous shocks, in the sense that
bad outcomes are a reflection of the bad luck that comes
to us all and sometimes comes to us all at the same time.
A second linguistic issue was that risk is tied up in the
idea of ‘problems’. Some of the items people would
identify as risks are not shocks in and of themselves as
viewed by a stochastic concept of risk (a good example
was people complaining about the discomfort brought
on by the cold of the cold-dry season), but are related to
what can be thought of as a shock that can result from
the predictable problem of a cold period (there was a
sense that the cold was tied to the likelihood of falling ill
in this season, where illness is in a probabilistic sense a
shock). A third issue was that any time you have people
from outside showing up in a Land Cruiser who have
come to ask about ‘risks’, you are bound to get people
thinking instead about a related but distinct concepe of
‘needs’. Responses at times were clearly motivated by a
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desire for external funding to solve a particular problem
(for example, people would cite as a risk a lack of farming
equipment, a lack of seeds, or the need for an improved
road to the women’s garden because the current one is
underwater following the rains).

Methods

In a preliminary approach to understanding risk in
Tenenkou in light of these issues, we conducted open-
ended interviews with groups of people in an area known in
great depth by one member of the research team (Turner).
For the interviews, we assembled groups of people from
different backgrounds in different communities. Different
groups were assembled based on their livelihood priority
(livestock husbandry, farming, blacksmiths, and fishing),
production landscape (on and off of the floodplain) and
gender. Despite the fact thar cthere are clear distinctions
in livelihood identities, all groups depend on farming
(rice and millet farming, on and off of the foodplain,
respectively). These were not particularly formal meetings,
and there were often people coming and going over the
course of the discussion. After explaining the purpose of
the visit, asking for the assent of the group to conduct the
questions, and thanking them for taking the time to talk
with us, we went forward with a set of questions about risk
perceptions in the area.

We divided the year up into the four seasons represented
in the local Fulfulde language: a rainy season = ndungu, a
short hot dry season = yaounde, a long cold dry scason =
dabbunde, and along hot dry season = ceedu. We combined
ndungu and yaounde into a single season, as yaounde is
only a month long and seemed to face many of the risks

described for ndungu.

Following the seasonal division, we asked the group to list
all the risks they could think of for the given season. After
writing down all group responses, we asked them to rank
the listed responses beginning with the biggest problem,

and continuing on to the smallest problem. Our list was
restricted to the top five responses if there were over five
given for a season. This exercise was continued until
completing the risk rankings for all three major seasons
(ndungu, dabbunde, ceedu). We then asked participants
to think of the top response for each season in an annual
context. How would they order the top problem for each
season in terms of the top problem faced over the course

of an entire year?
Findings

Given the contexr described above, these results are of
course to be treated with caution. The groups were ad
hoc, the size of the group went from one person to over
20, and in the larger groups the total number is probably

Table 1. lop ten overall visk ranking scores.

Risk Average Score
Lack of food 0.34
Human sickness 0.26
Birds attack crops 0.20
Animal sickness 0.18
Lack of water 0.18
Weather issues 0.17
Farmer-herder conflict 0.13
Rains fail 0.08
Flooding problems 0.07
Tack of pasture 0.07

misleading, as the data collected often reflect only the input
of a few members, and the understanding of the question
differed across and within groups. There are clearly some
significant problems to our methodology, mainly arising
from the short-term and exploratory nature of the study; it
was in essence a week-long preliminary field investigation.

The risk rankings are put on a [0,1] scale by normalizing by
the number of items ranked, as was done in the GL-CRSP
Improving Pastoral Risk Management on East African
Rangelands (PARIMA) project studies reported in Smith
et al. (2001) and Doss et al. (2008). One always refers to
the top ranked item, while zero refers to an item that was
not ranked or noted. The number assigned to something
ranked (other than the top item or not at all) depends on
the rotal number of items ranked. For example, if there are
three items ranked: 1 = score for top ranked item; 0.67 =
score for item ranked number two; 0.33 = score for item
ranked number three; 0= score for all other items.

First, we can consider the overall average risk ranking
results. InTable 1, we have pooled all the results by season,
after grouping related responses into categories. The
averages are calculated for all groups over all seasons.

One important finding is that there are some similarities
and contrasts between the risks identified in the PARIMA
East African study and the current Mali study. Doss et al.
(2008) report the top five risks as: food shortages; human
sickness; lack of pasture; high prices for things you buy;
and animal sickness. In this study, the top five are: lack
of food; human sickness; birds attacking crops; animal
sickness; and a lack of water. The main differences between
the two areas would appear to be the higher reliance on
markets in East Africa and the greater reliance on cropping
within the Malian study population. That would match
the fact that the Inland Delta is a productive flood plain
where cropping is of high importance, compared to the



Table 2. Top five risk ranking by season.

| RainySeason (Vdungu) | Cold Dry Season (Dabbunde) |  Hot Dry Season (Ceedu)
1 Human sickness Weather issues Lack of food
2 Birds attack crops Farmer-herder conflict Lack of water o
3 Lack of food Human sickness Lack of pasture
4 Animal sickness Flooding problems Animal sickness

\ 5 Rains fail Low prices for things you sell Brush fires

East African rangelands of the Doss et al. study, where
cropping is a minor activity.

There is some pronounced seasonality to these rankings
revealed by further analysis. The top five risk ranks by
season are reported above in Table 2. First, most of the risk
seems associated with the hot dry season (ceedu) and the
rainy scason (ndungu). The cold dry season of dabbunde
that follows the rains is generally seen as somewhat benign

though chilly.

We also can report that there is evidence for inter-group
differences in risk perception. Oneaspect of this is potential
gender differences. Focusing just on the risk ranks for the
groups of women, we have an indication that women may
rank risks differently than men. In addition, women in the
open-ended question suggested that this would be the case.
[t remains to be seen whether it is true using more rigorous
methods, but there are indications that risk perceptions
may be influenced by gender. Note that we also found that
gender differences appeared to matter in the first risk study
in East Africa (Smith et al. 2001) that were not eventually
supported by the individual level surveys (Doss et al. 2008).
This was probably because the first study interviewed
groups in different communities, and interviewing a
women’s group in one community and a men’s group in
another community ran the risk of interpreting as a gender
difference what could be a community level difference. In

Iable 3. Top ten risk ranking for groups of women.

F =

SRR Aver
Human sickness 0.43
Lack of water 0.34
Lack of food 0.33
Weather issues 0.20
Low prices for things you sell 0.15
Animal sickness 0.11
High prices for things you buy 0.11
Flooding problems 0.11
Housing issues 0.09
Birds attack crops 0.09

contrast to Table 1, however, Table 3 displays evidence that
women’s groups have different risk ranking patterns, with
health being more pronounced, and birds attacking crops
being much less pronounced.

There were also clear differences in risk perceptions
based on livelihood strategies combined with a person’s
background. The fishing communities had very clear
concerns about the riskiness of fishing, though within
the fishing community, some groups had stronger rights
to fishing areas than another, which influences their risk
perceptions. Rice cultivators had a set of rice-specific
concerns, which were similar, though not identical, to the
concerns of millet farmers. However, the millet farmers
(who live beyond the high water mark of the Niger Delta
floodplain) had a whole other set of concerns based on
supplying fuclwood to the towns during the dry season (an
important cash-carning activity for this group during the
dry season).

Practical Implications

The impression left by these preliminary results, is that
the risk perceptions may in fact vary more within a
geographically defined community than was the case in the
PARIMA project’s East African study population. While
there is heterogeneity within communities in the East
African sample, it would appear that the social complexities
are much more pronounced in the Inland Delta of Mali.
While it may turn out that within social groups we find
morte homogeneity of risk perceptions, as an operating
hypothesis we speculate that there is likely to be more
variation within a geographically defined community in
the Malian context than we found in the Ethiopian and
Kenyan context, where there was relatively less diversity
in livelihood strategies. While the Inland Delta is known
for its social heterogeneity, other parts of Sudano-Sahelian
West Africa may still show greater heterogeneity than found
in the East African case since it is much more common
for “communities” to be composed of social groups (casts,
ethnicities, lineages) with a range of livelihood identities.

The findings of this study led us to design a broader
study of risk management in the Malian study area. This
was designed to be consistent with work done by the



Consultative Group on lnternational Agricultural Research’s study area in order to maintain comparability with cross
(CGIAR) Systemwide Livestock Program. The CGIAR | country differences, while ensuring the questions made sense
project ran similar surveys in Niger and Kenya. We adapted | to Malian respondents. Results based on this comparative
their questionnaires to be applicable to the northern Mali | work are expected to be generated in 2010.
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This study investigates the potential for farmer organizations to be of assistance to livestock producers by looking ar the
broader issue of farmer organizations in northern Mali as a way of gauging the potential for such groups to be of assistance
in the livestock sector. The study was conducted in the regions of Mopti, Tombouctou and Gao, which are very productive
livestock raising areas. A participatory approach was adopted, targeting two villages within the administrative area of cach
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region, through interviews with focus groups, individual interviews with members of organizations, and interviews with
key informants. The study yielded several results of interest concerning: policy and development actors and their relation
to farmer organizations; functional relations between organizations and agricultural policies; relations of power within
Jarmer organizations; the different forms of organizations; and strengths and weaknesses of different forms of organizations.
Findings show that formal and informal farmer associations are numerous in northern Mali and intervene in various
Jeelds. However, in some sites, farmer organizations exist in name only, and are used exclusively by leaders to receive support
for themselves; a finding with drastic implications for agricultural development projects relying on these groups as there is a
no guarantee that the benefits of such projects will actually reach targeted beneficiaries. Formal organizations attract more
Jarmers in view of the many benefits they provide to members through the support of the State or of technical and financial
parmers. In spite of this, overall it appears that farmer organizations have very little influence on agricultural policies at
any level, and thar there is very little role currently played by groups allowing collective action in the livestock sector. When
these organizations are capable of cohesion, however, we were able to see how they achieve economies of scale in marketing
activities and influence decisions in a way favorable to the interests of members, indicating that farmer organizations as

currently structured in northern Mali are largely a case of unrealized potential.

Background

Farmer organizations are among the most important
and legitimate actors responsible for promoting
agricultural development in developing countries. These
organizations are formed voluntarily by professional
groups formally or informally (association of producers,
cooperatives, union of cooperatives, and associations)
operating in different areas. They represent a strategy
of collective action to influence government decisions or
other institutions on behalf of communitics composed
of members who are generally poor and relatively
powetless as individuals. They can also offer cost savings
in terms of input markets or higher returns in output
matkets though collective action. As such, there is a
promise of benefits to working with farmer associations

in the livestock secror.

This study attempts to analyze the influence of farmer
organizations on political and administrative authorities
in terms of influencing policy, and also their role in
fostering access to basic services (farm inputs, market
For this

purpose, roles and responsibilities of agencies in the

information, and higher return markets).

formulation and implementation of development
policies more favorable to the most disadvantaged
players were reviewed.

Methods

The study adopted a participatory approach through
interviews with focus groups, individual interviews
with members of organizations, and interviews with key
informants. It consisted of an inventory of organizations
and support structures in the area, describing the
collective activities of organizations and the governance
thereof.

The study focused on the regions of Mopti, Tombouctou
and Gao.
region, and corresponding technical support services

In each region, cercles, a subdivision of a

were identified. Two villages were selected in each cercle
to conduct interviews and surveys. The interviews were
held with groups (some all male, some all female, and
some mixed) whose principal activity is agricultural.
In addition to group interviews, three farmers were
interviewed individually (a leader of the organization,
and two members of the organization — one male
and one female if mixed composition). Finally, a key
informant was interviewed in each cercle to identify the
situation of organizations of the area as a ‘whole from
his or her perspective. The information collected was
analyzed to understand how different organizations
perform based on structures of support, goals, strengths,
weaknesses, and gender.
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Findings

There are several types of farmer organizations, which
differ in their functions and types. In northern Mali, the
organizations identified are broadly represented in Table 1.

In Mali, the agricultural policies that have succeeded since
independence have been targeted to certain products
(cotron, rice, peanuts, and to a lesser extent livestock),
certain arcas (over 800 millimeters of rain per year), and
particular professional groups (ret<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>