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The fully networked human? Innovations for future networks and services

Foreword

Mal colm Johnson
Director
ITU Telecommunication Standardization Sector

Standardisation is the channel through which most technological innovation must pass if it is to be applied
on a global scale; and when we speak of ICT, it is always in a global context. Thisis precisely why ITU-T
seeks to strengthen its relationship with academia, the source of so much crucial research and so many
innovative ideas.

Launched in 2008, Kaleidoscope has always enjoyed enthusiastic participation by academia. This year was
no different, with 84 papers submitted and 30 selected for presentation at the conference. Particularly
encouraging was the proportion of these papers originating in the so-called developing world, a key
indication of its desire and need for participation in ICT standardization discussions.

The fourth Kaleidoscope conference took place in Cape Town, South Africa, and very appropriately so. In
ICT terms, Africais the last great frontier. The digital age we inhabit presents Africa the opportunity to
leapfrog many steps in technological, and thereby economic development, learning from and thus avoiding
the mistakes made in the past by developed nations. Taking part in the standardization process is an excellent
opportunity for developing countries to have their voices heard in the development of new technologies,
ensuring they play akey rolein the creation of our collective future.

This year's theme, The fully networked human? — Innovations for future networks and services, attracted
many excellent submissions and proved fuel for an illuminating debate on the future of ICT.

Human-centric ICT, as it has come to be known, is technology intrinsically designed to place its user at the
centre, with virtualised networks, other IT resources, services and applications automatically adapting to the
specific circumstances of the user. Having ICT adapt and respond to our activities as we perform them, or to
our preferences as we form them, will better synergise our physical and digital worlds; ensuring a simpler,
more personalised engagement with the technology we use so frequently.

A profoundly interesting event, Kaleidoscope 2011further solidified ITU’s relationship with academia, and
once again unearthed ideas and innovations expressly designed to better our world. ITU is immensely
thankful for the valuable contribution academia continues to make to the ICT field, and we thank all
Kaleidoscope's participants for ensuring the conference remains the exciting, informative event it has
become.

On ITU’s behalf, my sincerest thanks go to the Department of Communications of the Republic of South
Africa for making this event possible; our gracious hosts, the University of Cape Town; our generous
sponsors, Nokia Siemens Networks, Telkom SA, and BlackBerry; our hard working Organizing Committee
and Programme Committee members; and of course our engaging chairman, Dr. M ostafa Hashem Sherif.
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Mal colm Johnson

Director
ITU Telecommunication Standardization Sector






The fully networked human? Innovations for future networks and services

Chair'sMessage
M ostafa Hashem Sherif
General Chair

The ITU initiated its Kaleidoscope series of conferences in 2008 to provide a forum for practitioners and
researchers on the standardisation of information and communication technologies (ICTs). Mr. Yoichi
Maeda from NTT, Japan, chaired the first three conferences; in Geneva, Switzerland (2008), in Mar del Plata,
Argentina (2009) and in Pune, India (2010). Under his stewardship, Kaleidoscope events have grown to
become an important venue for Academia and for the ITU. This year, however, Mr. Maeda had to step aside
because of his obligations as president of the Telecommunication Technology Committee (TCC) of Japan. It
isagreat honour for meto follow in his steps and chair the 2011 Kaleldoscope academic conference with the
theme of "The fully networked human?—Innovations for future networks and services.”

Kaleidoscope 2011 focuses on the multidisciplinary aspects of future human-centric systems. In this
environment, virtualized networks, information technology resources, services and applications are
adaptively and automatically configured to support users in their everyday activities. Whether technologies
are competing or complementary becomes less significant; what counts is whether the service offer fulfils
user needs and respects environmental and legal constraints.

The programme committee chaired by Dr. Kai Jakobs selected 30 papers out of 84 submissions from 29
countries on the basis of double-blind reviews with the help of 150 international experts. They also worked
diligently to identify candidate papers for the awards. As seen in the Figure, the high quality of submissions
made the selection challenging. Let me express here my deep gratitude to all reviewers and members of the
programme committee for their generous contribution of time and effort to the success of this conference.
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The geographic distribution of the accepted contributions using the country of the first author is shown in the
following Table:

Country Lecture Poster
Canada 1

Germany 1
Greece 1
India 1

Italy 1 2
Japan 3 3
Mal awi 1

Malaysia 1
Senegal 1

South Africa 7 1
Spain 1

Switzerland 1

United Kingdom 2

United States 2

Total 21 9

We are also delighted to have many distinguished speakers in the plenary sessions. Their talks cover
academic, industrial and business aspects of a society with fully networked individuals. Moreover, Professor
Thomas Magedanz from the Technische Universitét Berlin, Germany, has generously volunteered to present
atutorial on next generation networks to complement the forward-looking aspects of the conference.

Thisyear's Jules Verne' s corner is on “chipsin the brain” and how “fully networked humans’ would behave
50 years from now.

By agreement with the IEEE Communications Society (ComSoc), selected papers from each year's
conference are typically considered for publication in a special feature section of the IEEE Communications
Magazine. The tentative schedule for the 2011 vintage is the August 2012 issue of the Magazine. In addition,
special issues of the International Journal of Technology Marketing (IJTMKT) and the International Journal
of IT Standards and Standardization Research (IJTSR) are open to revised versions of papers from the
conference.

As usual, al accepted papers are accessible through the IEEE Xplore digital library. The Proceedings from
2009 onwards can be downloaded at no charge from http://itu-kaleidoscope.org.

In closing, | would like to thank our hosts, the Department of Communications of the Republic of South
Africa and the University of Cape Town. | would like also to express my gratitude to Nokia Siemens
Networks and Telkom SA for their financial support; also to BlackBerry for donating two PlayBooks.
Finally, the organization of such a conference would not have been possible without the extremely capable
staff from the ITU-T Telecommunication Standardization Bureau (TSB), whose dedication and
professionalism | wish to salute here.
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General Chair
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2020: THE UBIQUITOUSHETEROGENEOUSNETWORK - BEYOND 4G

Rufus Andrew
Managing Director, Nokia Siemens Networks, South Africa

The demand for mobile broadband communication continues to increase exponentially, fuelled largely by the
proliferation of smarter and smarter devices. Smartphones, superphones, and tablets with powerful
multimedia capahilities and applications are becoming increasingly popular and are creating new demands
on mobile broadband.

This trend is expected to increase in momentum over the next decade and will be further fuelled by the
arrival of billions of billions of machine devices and related machine-to-machine (M2M) applications and
human to machine communications. As the interfaces and capabilities of mobile devices start
accommodating broader radio-frequency (RF) capabilities and technologies such as RFID (radio-frequency
identification), mobile networks will play an increasing role in the backhauling and fronthauling of signals
that will be connected to the ‘ Internet of Things

These factors are adding up to create an exponential increase in traffic volumes, number of transactions, and
complexity of processing. Extrapolations of current growth trends predict that networks need to be prepared
to support up to a thousand-fold increase in total mobile broadband traffic by 2020. This figure assumes a
ten-fold increase in broadband mobile subscriptions and up to 100 times higher traffic per user

To meet such demand, the industry needs to look ahead of today’s technology horizon to create * Beyond 4G’
Networks. In order to successfully achieve this, industry collaboration is needed to deliver on the following
requirements.

1 Ten times more spectrum will need to become available for mobile broadband

2. Networks will need to use spectrum ten times more efficiently than existing mobile broadband
technologies

3. Networks will require ten times more base stations

This presentation looks in detail at these requirements with possible solutions for the ‘Beyond 4G’ Network.

Finally we look at the impact of the ‘Beyond 4G’ Technologies bridging or further entrenching the Digital
Divide.
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RECOVERY FROM THE COMMUNICATION DISTURBANCE BY THE TOHOKU
EARTHQUAKE AND ACTIONSTOWARD THE FUTURE

Hirofumi Horikoshi
General Manager, Technology Planning Department, Nippon Telegraph and Telephone Corporation, Japan

The Tohoku Earthquake and the following tsunami on 11 March 2011 disabled significant parts of NTT's
communication infrastructure in 385 central offices, 4,900 base stations of our cellular network and 150
million telephone circuits. This presentation describes: (1) NTT’s efforts for the recovery of its network, (2)
how it kept communication services in the disaster regions, (3) how it provided livelihood support to the
victims, and (4) possible future plans.

Despite many aftershocks, some of them over a magnitude of seven, as shown in Fig. 1, the communication
system had recovered by the end of April, with the exception of 18 base stations. Even in the areas
surrounding the nuclear power plants, people could communicate with each other. The maor means for
recovery were (i) new constructions or replacement of power supplies as well as communication facilitiesin
central offices, (ii) reinstallations of transmission paths, (iii) repairs of entrance circuits for base stations, (iv)
expansions of one base station’ s coverage area, etc.

*1 Minor islands to move people
outside islands

*2 Areas difficult for construction

because of traffic cut off at places along
the roads
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*2
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Fig. 1 Recovery of the Communication Systems from the Disaster

As part of the recovery effort, 3,900 public telephone booths with portable satellite links, 31 automobiles
equipped with base station, 900 satellite cell-phones, 2,100 mobile phones and 410 battery charge booths
were provided free of charge. In addition, 410 free internet corners, free WiFi services as well as 670 free
tablet terminals were also provided for internet connectivity. A Web page was launched to show the map of
recovered regions. Labor-intensive operations were aso carried out. For the people in evacuation centers, we
sent messengers to receive information about their well-being and to transfer these messages to their
relatives, the mass media, and the Web page.
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Several actions are planned toward a more fault-resilient network infrastructure. The first one is to make the
power supply of base station uninterruptible. For this, 1,900 base stations will have long life batteries such as
24 hours, which covers 65% of the population. The second is to construct 100 large zone base stations in the
densely-populated areas, which covers 35% of the population of Japan. Thethird isto increase the number of
physical routes for each trunk circuit, to introduce the distribution of network functions, to improve
waterproof central offices, etc.

From the lessons learned of this disaster, we will introduce a new voice message service as shown in Fig.2,
which sends a message to the destination as a recorded file to avoid the congestion of telephone service. It is
very useful to send a message as “I’m alive!l” to our relatives after a disaster, and this is expected to be one
of the most important life saving tools.

Service Image

g e Originator = o
(1t’s busy now! Please Regulation Amessage
talk to the message. | received from |
".ﬁl?" Circunit Switching aome bgdy
\ Cg\\ Network \
» |/ ot \ |

Packet Switching

[<]] l) Network poling Eﬂ'))

Voice File. Seng

 Vojca Server | ;oice file
[ Recerd a voice message, | e Eﬂl) gend &Y N :
and send as afile ) ‘ : :
i Receives a voice file
automatically. gﬁ _/I \_ J
Sender to let his ‘ Sioredihevoize ﬁlél Receiver to
relatives heis ) confirm the safety

alive of his relatives

Fig.2 Voice Mail System suitable to communications at a disaster
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THE FULLY NETWORKED HUMAN-ITY? —
INNOVATIONS FOR THE UN-NETWORKED HUMAN

Alfredo Terzoli
Professor, Rhodes University, South Africa

There is a growing perception that the many divides that fracture humankind are problematic. Divides do
generate instability (to the point of revolutions or wars) and have obvious inefficiencies, deriving from the
fact that, as humans our (collective or social) strength isin the group, not in the individual.

One such divide is between those that are connected to the global information cloud, the Internet or those
that are not. On this divide, often referred to as ‘digital divide', millions of words have been spent, but
without any major concrete change: the problem is still with us, no matter how clichéd it sounds by now.

Interestingly enough, this divide runs along others, such as the one between the rich and the poor, and the
educated and the uneducated. Maybe bridging one divide can help bridging the others? What type of
innovations do we need to start bridging the digital divide for real - and so potentially other divides? What
systems should be in place, what standards, what practices? This talk will try to answer these questions
focusing on an ongoing experiment in Dwesa (Wild Coast, South Africa), the Siyakhula Living Lab, at the
centre of arich innovation ecosystem.
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ABSTRACT

For the last 2 decades, Kenya has consistently contributed the
highest number of people affected by natural disasters in Africa.
This is especially so for disasters triggered by climatic variations.
The Kenya Meteorological Department has provided regular
weather forecasts since the 60s. One of the shortcomings of this
Department’s approach is the fact that their forecasts provide
conceptual indications of droughts/floods without giving
operational indicators. This makes it difficult for key stakeholders
to develop solid strategic plans. Innovative use of ICTs can turn
around this situation by realigning the forecasts to aid in
answering questions such like, how long and how severe the
predicted climatic variations will be. Use of cheaper wireless
sensors can also help readdress the current poor coverage by
weather stations. Based on analysis of 31 years of historical daily
precipitation data from three weather stations, we prove that the
Effective Drought Index can be used to quantify droughts/floods.
We also present an effective web-based system that policy makers
can use to monitor droughts/floods on daily basis. In the
discussion, we explain how an on-going initiative aimed at
integrating wireless sensor networks and mobile phones will
further improve drought monitoring.

Keywords— Drought quantification,
Index, Kenya’s weather forecast

Effective Drought

1. INTRODUCTION

As Abdishakur Othowai put it [1], “Weather is upside down in
Kenya”. He was referring to the noticeable climatic changes that
have greatly undermined the traditional seasons that Kenyans have
always relied on. Analysis of precipitation data for years 1979 to
2009 from three weather stations in Kenya attests to this fact.
Rains no longer fall when they are expected; for instance, the
March-April-May rains generally begin by mid-March but in the
current year (2011), this did not happen until early May for most
regions. The trend in Kenya is that when climate-related disasters
strike, the Government leaves (like in many developing countries)
relief operations in the hands of international agencies. This leads
to the never-ending concern; when will Kenya build her own
climatic-variations early warning systems to ensure effective and
timely actions? The government has already mounted various
initiatives towards addressing this, a good example being the
creation of a Drought Management Authority (DMA) and a
National Drought Contingency Fund (NDCF). Part of the answer
can also be found in the adoption of innovative intervention
approaches build around complimentary technologies such as
mobile phone and wireless sensor networks. Intelligent drought
prediction algorithms and perhaps invoking indigenous
knowledge that Kenyan communities used in the yestercentury is
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yet another way of achieving this. A related study (by the authors)
is being carried out to find out if integrating wireless
sensors/mobile phones with indigenous knowledge will improve
predictions of droughts/floods.

Effective Drought Index (EDI) [2] is able to quantify droughts in
absolute terms and also provide answers to: (1) the when, (2) the
how long (onset to termination) as well as (3) the severity of
droughts/floods. In this research, we demonstrate how this was
possible, especially in quantifying the devastating drought that
occurred 1983 to 1985 and the revenging floods of 1997-1998.
EDI quantifies droughts in terms of droughts classes composed of
positive and negative real values; for example, -2.50 indicates
extreme drought, +3.28 indicates extreme floods and 0.98
indicates close to normal wetness. EDI further qualifies
climatic/weather variations by providing Available Water
Resource Index (AWRI) that can for example reliably inform a
farmer of the amount of water in the soil at any given day.

In this paper, a user-friendly website was created to show how
presenting daily precipitation values side by side with drought
classes and AWRI values can aid in decision making process.

The rest of the paper is structured as follows: Section 2 gives the
relevant definitions of drought and drought indices and describes
EDI in details. Section 3 gives details of Kenya’s drought
situation, weather forecasting and the existing gaps. The core
contribution of this paper is described in sections 4, 5, 6 and 7 in
terms of the methodology, results, the web-based system and the
role of WSNs in bridging the gap resulting from sparse weather
stations. Finally, the Conclusion and Further Work is presented in
Section 8.

2. DROUGHTS AND DROUGHT INDICES

2.1. Definition and Types of Droughts

Drought is both a hazard and a disaster that can be classified
together with earthquakes, epidemics, and floods. According to
[3], drought qualifies as a hazard because it is a natural accident of
unpredictable occurrence but of recognizable recurrence. As a
disaster, drought corresponds to the failure of the precipitation
regime, causing the disruption of the water supply to the natural
and agricultural ecosystems. There is no one universally accepted
definition of drought yet. Palmer[4] came to this conclusion as
early as 1965 when he stated "drought means various things to
various people depending on their specific interest”. Since then,
attempts have been made to define the term drought. The common
element in all these definitions is “precipitation deficiency” which
depending on how long and the intensity in turn affects soil
moisture, streams, groundwater, ecosystems and human beings.

Kaleidoscope
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Authors have defined these effects as five ‘types’ of droughts ([5],
([61, [7] and [8]); namely meteorological, hydrological, ground
water, agricultural and socio-economic droughts.

2.2. Drought Indices

There are several well-developed indices for quantifying effects of
droughts in terms of parameters such as intensity, duration,
severity and spatial extent. These indices further map the
droughts to different time scales (daily, weekly, monthly, annually
etc) and geographical regions to aid planning and decision-making
process.  One common feature among the indices is the
consideration of precipitation as a contributing factor [8]. In [9],
the following two broad categories of drought indices are
presented:

(a) Those that utilize an insufficient level of soil Moisture; e.g.
Palmer Drought Severity Index (PDSI) [4]

(b) Those using distribution of rainfall insufficiency; e.g.
Standardised Precipitation Index (SPI)

2.3. Effective Drought Index

EDI is the drought Index that was applied in this research. It was

developed by Byun and Wilhite [2] to address weaknesses they

identified in the existing (at the time of their research) drought

indices. Five of these weaknesses are:

(a) They assess deficient of water for some predefined duration
instead of consecutive occurrences. It is the consecutive
occurrences that define drought severity;

(b) Time unit of assessment is too long (a week, a month or a
longer time period); none used daily unit yet a day’s rainfall
can have great impact on drought;

(¢) They do not consider the two causes of drought; (1)shortage
of soil moisture (recent deficiency of precipitation) and
(2)shortage of water stored in the reservoirs (much longer
deficiency of precipitation)

(d) They made use of simple summation of precipitation in
determining current shortage. This ignores the fact that the
diminishing of water over time is a function of runoff and
evapotranspiration.

(e) Values of some parameters (such as soil moisture and
evapotranspiration) used in the calculation of the indices are
difficult to measure and often estimated. Furthermore, most
of these are directly linked to precipitation and cannot be
isolated from the latter. Precipitation alone is therefore
adequate, easy to measure and their values are available for
the longest period in any weather station in the world.
Further, some parameters used may be caused/ accelerated/
affected by human activity making it even more difficult to
approximate.

In EDI, daily precipitation height values and Effective
Precipitation (EP) are used to compute deficiency or surplus of
water resources for a particular date and place. EP is the summed
value of daily precipitation with a time-dependant reduction
function represented by the following equation:

(zm)]

where P, is the precipitation of m days before and the index i
represents the duration of summation (DS) in days. Here i=365 is
used, that is, summation for a year which is the most dominant
precipitation cycle worldwide. The 365 can then be a
representative value of the total water resources available or stored

EPi=

n=

for a long time. To be able to relate the EPs of a given weather
station with climatological data, they are averaged along the day
number (i.e., by calendar day) and used to compute the following:

Table 1. Characteristics of indices associated with EDI

Name Calculation Meaning
Mean of EP 30-yr mean of | Climatological mean of
(MEP) EP for each water quantity
calendar day
Deviation of DEP =EP - From climatological
EP (DEP) MEP mean, the deficit of water
quantity
Standardized SEP = From climatological
value of DEP DEP/ST(EP) mean, standardized
(SEP) deficit of water quantity
Consecutive Consecutive Shows how long
days of days of precipitation has been in
negative negative SEP | deficit
SEP (CNYS)
Precipitation Calculated Precipitation needed for
needed for a using a return to normal
return to Equation (2) conditions.
normal (PRN)
Effective Calculated The standardized deficit
Drought Index | using or surplus of stored water
Equation (3) quantity.
PRN; = ‘DEPI
3(1) @)
N=1 N
_ PRN,
ST(EDP;
(EDP)) 3)

The EDI expresses the standardized deficit or surplus of stored
water quantity. The EDI enables one location's drought severity to
be compared to another location's, regardless of climatic
differences. Depending on the value of EDI, the following
drought classes are used:

e Extreme drought EDI<-2.0

e Severe drought -2.0<EDI<-1.5

e Moderate drought 1.5<EDI<-1.0

e Near normal 1.0<EDI<1.0

EDI has produced satisfactory results in measuring drought
severity and was recently (2009) adopted (and adapted) to analyse
200-year drought climatology of Seoul, Korea[9]. Another
example is the SPAtial and Time Series Information Modeling
(SPATSIM) which is a comprehensive software package
developed at the Institute for Water Research (IWR), Rhodes
University, South Africa. It calculates, displays, spatially plots,
and exports/imports a variety of drought indices from rainfall time
series data. EDI is one of the indices included but SPATSIM
calculates monthly as opposed to the original daily effective
precipitation (http://www.ru.ac.za/institutes/iwr/.

3. DROUGHTS IN KENYA

3.1. Overview of droughts

In Kenya, droughts are the most common disasters resulting from
variations in weather/ climate, but there are occasional floods too.
For instance, Kenya is among the countries at the Horn of Africa
that are currently (August 2011) experiencing a devastating
drought that has been described as “the worst drought in 60
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years”( http://www.bbc.co.uk/news/world-africa-13944550). Such
disasters cannot be avoided but can be managed through effective
early warning systems. When they occur, droughts affect more
that 25% of Kenya’s population not mentioning the ripple effects
such as inadequate hydro-electric power supply, increased
commodity prices and loss of jobs just to mention a few. The level
of preparedness is determined by how well the disasters are
defined and their characteristics quantified. In the period 1999 to
2008, Kenya contributed a whopping 32.85% of people affected
by natural disasters in the Continent (Africa); Ethiopia was
following by far at 15.17%[1]. Apart from the 1983-1985 drought
and the 1997-1998 floods that are focus of this paper, more
droughts occurred in some periods in 1980, 1982, 1999, 2000,
2001, 2003 and whole of 2008 to 2009. The 2008-2009 drought
had in particular very catastrophic effects on the livestock-keeping
communities.

3.2. Kenya’s Rainfall Seasons

Kenya has two main rainy seasons: (1)October-November-
December (OND); and (2)March-April-May (MAM) - this is the
main season. Sometimes the rainfall may occur in the period
June-July-August (JJA). Among other factors (not part of this
research paper), the amount of rain in each of the above season is
used to classify Kenya into 12 Climatic Zones
(http://www.meteo.go.ke). Using data completeness as the main
criteria, 3 stations were selected for the current research: two in
Zone 8 (Dagoretti and Embu) and one in Zone 7 (Makindu)

3.3. Weather Forecasting— Current Practice

Currently, monitoring of climatic/weather variations in Kenya is
the mandate of the Kenya Meteorological Department. The
Department is handicapped in the sense that all they have are
sparsely distributed weather stations. They run 3 main types of
stations that are currently managed by the Climatological Section
of the Department (http://www.meteo.go.ke/):

(a) 700 rainfall stations; there were 2,000 of such in 1977; this
figure drastically dropped to 1,653 by 1988 and down to
1,497 by 1990;

(b) 62 temperature stations; and

(c) 27 synoptic stations; these are used to observe and record all
the surface meteorological data; rainfall, temperature, wind
speed and direction, relative humidity, solar radiation,
clouds, atmospheric pressure, sun shine hours, evaporation
and visibility

The Agrometeorological Section (of the Kenya Meteorological

Department) on the other hand manages 13 stations related to

agriculture; data is remitted from these stations every 10 days.

Apart from the normal meteorological observations, other

observations by the Agrometeorological Section include: soil

temperature, sunshine duration, radiation, pan evaporation and

Potential Evapotranspiration. All this data is stored in semi-

automated formats at the Department’s Head Quarters in Nairobi.

The data is available to interested stakeholders at a fee and on

request. The data used in this research was obtained from this

Department.

The Meteorological Department uses the data collected to provide
five main types of forecasts:

(a) Daily forecast for main cities/towns in Kenya. This is
provided in the format shown in figure 1.

Table 2. Format of Daily Forecasts in Kenya

Weather Forecast for 5" September 2011
Town Morning Afternoon Sunris | Sunset
e

Nairobi 6:28 18:34

y r

WEECoo (WEESun

1 ny intervals/

cloudy/Lig | Showers

ht

rains/Sunn

y intervals
Mombas et | et | 6:18 18:21
a ke 1 ke J

Sunny Sunny

intervals intervals

(b) Four-Day forecast
(c) Seven-Day Forecast
(d) Monthly Forecast
(e) Seasonal Forecast
The Four-Day, Seven-Day and Monthly forecasts are in form of
downloadable reports summarizing the recent past, current and
near-future weather patterns in conceptual terms. An example
extract from such forecasts is shown in the figure below

Weather highlights

Review of weather for the last seven days period (25th

to 31st August 2011)

e During the review period (25th to 31st August 2011):

e Wet weather conditions were maintained over the
western highlands, Lake Basin and parts of Central Rift
Valley. There was, however, a slight reduction of the
rainfall activities over these areas during the second half
of the review period. Occasional light rainfall was also
experienced over the central highlands and Nairobi area
during the review period. The coastal strip on the other
hand experienced isolated rainfall activities during the
second half of the review period. Elsewhere in the
country, dry conditions persisted.

e Day-time (maximum) temperatures generally decreased
over much of the country except over the north-eastern
and the coastal strip.

e Minimum temperatures increased over the whole
country except over few parts of western and central
regions.

Forecast for the next seven days (2nd — 8th Sept 2011):

o The forecast for the next seven-day period (2nd to 8th of
September 2011) indicates:

e Maintenance of wet weather activities over the western
sector and central Rift Valley which may occasionally
spread to the central highlands and Nairobi area;

o A slight reduction in rainfall activities over the coastal
strip; and

e Relatively warmer temperatures are likely to be
experienced over most parts of the country during the
forecast period compared to the previous period.

Figure 1. Extract from a Seven-Day Forecasts report

—11 -



2011 ITU Kaleidoscope Academic Conference

The season forecasts are more detailed and they are also provided
in Kiswahili language. The Department also works hand in hand
with both the print and electronic media to disseminate the
forecasts. All the above forecasts are freely accessible from the
Department’s website.

3.4. Weather Forecasting — The Gaps
The following three main gaps were identified

3.4.1. Non-User Centered Weather Forecast Information

The usefulness of forecast information provided by the Kenya’s
Meteorological Department to key stakeholders especially the
farmers and policy formulators is rather wanting. It would for
example be desirable if the Department could inform the relevant
government ministries the actual implications (in operational
quantifiable terms) of weather observations. It is not enough to
report that; “60.4mm of rainfall was recorded in Kakamega”,
instead, a report saying, “60.4mm of rainfall that was recorded in
Kakamega raised the available water resource to above the
normal for this area. It is predicted that the rains will continue
for a week and this will lead to severe floods in the low-lying
areas of the Kakamega”. The latter is more useful and can be
used by policy makers to mount rescue operations. Proper use of
EDI can fix this gap

3.4.2. Ineffective Information Dissemination

The channels that are used to disseminate the forecast information
are ineffective; the farmers that need it most do not get it and
those that do, cannot comprehend the information. A related
study (by the authors) aims to fix this problem by use of natural
language and text-to-speech tools to provide custom forecast
information to farmers via mobile phones.

3.4.3. Poor Coverage by Weather Stations

The third gap is as a result of the small number of weather stations
installed. The existing weather stations are far too few for the vast
582,650km’ that is Kenya’s geographical area. This makes it
difficult to get the micro-level weather indicators that are
necessary for effective forecasts. This number may be increased
through the adoption of cheaper and more automated wireless
sensors based weather stations.

4. QUANTIFYING KENYA’S DROUGHTS/ FLOOD

4.1. Data Used

Daily precipitation data for years 1979 to 2009 for Dagoretti,
Embu and Makindu weather stations was used. This translated
into 3 X 365 X 31 records.

Table 3. Geo-Data of the Weather Stations Studied

Phase I: Data Clea

Weather Data in text
files

Extract
data

\_/ *

Using a Java Program, reformat the

Formatted Data

Identify and
remove data

\/f

"

Excel
Charts

Computed —
Monthly &
Daily EDI

—

EDI
Program

EDI Web-
Based
Decision
Sunnort

‘Weather Database
(MySQL)

Figure 2. Data Cleaning and Analysis Flow Chart

Though data for other observations (temperature, humidity,
pressure etc) and stations (Voi, Mombasa, etc) was available, only
precipitation data for the 3 stations was used in this research. Raw
data (in form of text files) was first processed manually to identify
any data gaps and anomalies, then a Java program was written to
covert the original format to more friendly formats acceptable by
the EDI FORTRAN program
(http://atmos.pknu.ac.kr/~intra2/down_src.php) that was used.
This Fortran program uses equations (1), (2) and (3) to compute
daily/monthly EDIs and outputs them in form of text files.

4.2. EDI Computation
Two versions of the EDI program were used:

4.2.1. Monthly EDI

This was used to calculate monthly EDI using monthly
precipitation totals for 31 years (1979 to 2009). For each of the 3
weather stations, an Input File with the following format was

Name Dagoretti Embu Makindu processed using the EDI program.
WMO # 63741 63720 63766 Table 4. Monthly EDI Input File Format
HKNC HKEM | HKMU
ICAO Year Month | Total
Year Opened 1954 1975 1904 Precipitation
Latitude 01 18S 0030S | 2178 1979 1 70.80
Longitude 36 45E 3727E | 37 50E
Elevation 1798 m 1493m | 1000m 1979 | 12 68.80
1980 1 39.30
Two Phases; (1) Data Cleaning; and (2) Data Analysis were then 5009 12 121.10

carried out as per the flow chart shown in below.

Using modified (to replace days with months) equation (1), EDI
computes the ‘normal’ monthly precipitation for each calendar
month of the year based on the mean of precipitation of this
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calendar month for all the 31 (of historical data) years. For
example,

Normal precipitation for November is the mean of the
precipitations for November 1979, November 1980,
November 1980, ..., November 2009.

Obviously, a ‘normal’ precipitation for November in Embu may
not be compared with the ‘normal’ precipitation for November for
Makindu; the two are in different climatic zones. The EDI values
solve this by use of standard deviation to compute universal real
values that have similar meaning in all climatic zones. Therefore,
an EDI value of -2.59 will represent ‘Extreme Drought’
irrespective of climatic zones For each stations, an Output File
was generated; each showing the Effective Drought Index (EDI)
and Available Water Resource Index(AWRI) calculations for 30
years (1980 to 2009)

Table 5. Monthly EDI Output File Format

Date Total AWRI EDI
Precipitation

1980-01-15 70.80 230.0 -0.51

1980-04-15 105.9 229.8 -1.35

1980-12-15 33.5 460.8 1.05

1981-05-15 245.2 818.2 1.96

2009-12-15 121.10 297.5 -0.27

EDI applies a time-dependent reduction function in computing the
monthly/daily water deficiency. This is to cater for runoff and
evapotranspiration that progressively reduces soil moisture over
time. In table Sfor example,

e Available Water Resource Index for December 1980 was
460.8.

o A total of 14.9mm of precipitation was received in January
1981

o Simple Summation of monthly precipitation would have
yielded 475.7

e But factoring in runoff and evapotranspiration EDI yielded
364.2

The value of EDI is determined by the climatic conditions of a

given zone and period/season. For example;

e n March 1980, the AWRI for Dagoretti was 170.1.
translated to a Drought-Near Normal of -0.86

o [n April 1980, the AWRI for same station was 229.8. This was
equal to a moderate tending to severe drought (worse) of -
1.35.

The reason for this is that April is generally a wet month; in a

normal March-April-May rain season, rains will have been falling

for a whole month and therefore April is normally a wet month.

This

In order to visualize drought in terms of classes described in [2],
the following adapted classification was used:

Extremely Flood EDI >2
Severe Flood 1.5> EDI <1.99
Moderate Flood 1>EDI<1.49
Wet-Near Normal 0.01< EDI
>0.99

Drought-Near Normal -0.99< EDI>0.00
Moderate Drought -1<EDI > -1.49
Severe Drought -1.5<EDI > -1.99
Extreme Drought EDI<-2

Colour-coding ranging from dark-red (representing ‘Extreme
Drought’) and (dark-blue representing ‘Extreme-Floods’) was

then used to represent drought classes. The view was first
presented in Excel before being migrated to the web based system

4.2.2. Daily EDI
Three weather stations were used; the Input File had the following
format:

Table 6. Daily EDI Input File Format

Year Month Day Total Precipitation
1979 1 1 0
1979 1 2 0
2009 12 31 0

Using equation (1) EDI computes the normal daily precipitation
for each calendar day of the year based on the mean of
precipitation of this calendar day for all the 31 (of historical data)
years. Like in the case of monthly EDI, the ‘normal’ precipitation
for March 28 is the mean of the precipitations for March 28 1979,
March 28 1980, March 28 1980, ..., March 28 2009. Similar to
Monthly EDI, an Output File for each of the stations with the
following format was generated

Table 7. Daily EDI Output File Format

Date Total Precipitation | AWRI EDI
1980-01-01 0.0 117.0 -0.66
1981-01-31 0.0 208.1 0.96
2009-12-31 26.6 146.7 -0.20

5. RESULTS AND DISCUSSION

5.1. The 1983-1985 Drought

Drought was experienced in all the three regions with Dagoretti
leading with an average of -1.06 (compared to -0.49 and -0.33 for
Embu and Makindu respectively). Drought was worse in the
November 1983 to November 1984 period. The graphs for
Dagoretti and Embu have similar patterns; this is not surprising
given that the two are classified under the same Climatic Zone
(Zone 8); Makindu is classified under Zone 7. Interestingly,
Embu rainfall had an abnormal spike during the October-
November 1983(EDI of +0.36); normal rains were received while
other stations had close to negative values.

Dagoretti EDI
— -a— - Makindu EDI

EDI Values

Calendar Days

Figure 3. 83-85 Drought Onset/Termination/Severity
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The 1997-1998 Floods

The October-November-December 1997 torrential rains triggered
the floods. The March-April-May 1998 rains later worsened this.
At some point, the floods were so severe; e.g., over 100mm of
rainfall was recorded on 11 February 1998 in Makindu; February
is generally a dry month so this put the EDI at a catastrophic value
of +5.27. Similarly, a way above normal rainfall measuring
167.7mm was recorded in Dagoretti on 16 March 1998. Given
that it had been raining and the ARWI was already at 303.3, this
rainfall just turned things inside out and resulted in a dangerous
EDI value of +4.85. As it was the case with the 1983-1985
drought, the flood pattern for Embu and Dagoretti are similar. In
this case too, Embu had unique spike where the flood reduced
during the March-May 1998 season.

Dagoretti EDI
— - &~ - -Makindu EDI

------ Embu EDI

s
=
i

EDI Values

-

P
8¢+

Calendar Days

Figure 4. 97-98 Flood Onset/Termination/Severity

6. EDI WEB-BASED DECISION SUPPORT SYSTEM

6.1. System Overview

Using the daily precipitation, computed EDI/AWRI and Drought
Classification, a web-based system was developed using PHP,
MYSQL, JavaScripts and Apache to demonstrate how EDI can aid
in detecting and preparing for droughts/floods. Jpgraph-3.5 was
used to draw the dynamic (database driven) graphs. For example,
presented with daily EDI values that are constantly rising
(positive) and a 7 day weather prediction that shows steady
increase in the amount of rainfall (not part of the system
developed in this research), a decision maker can absolutely know
when and how severe the coming floods will be. Figure 5 shows
the main screen of the web-based system; it allows users to select
a weather station (from either Dagoretti, Embu or Makindu), year
and month. The user can also opt to choose all years and/or
month.

Select Wea
Select Year:

Select Month: |2 [=]

View Data

Figure 5. Main Screen - Selecting Parameters

1011: | Dagoretti [=]

6.2. Data Views

6.2.1 One Month, One Year, One Station Data

Once the user has made selections and clicks ‘View Data’ (for
example, selecting Makindu, 2009 and May), the daily EDI
values, AWRI Values and the Drought Classes are displayed as
shown in figure 6. In this case, May 2009, was a drought (Severe
and Moderate) month. On the right-hand(part of the screen

omitted in order to improve the quality of the image) of the screen,
hints, definitions and explanations of the data are provided to
make it easier for the user to make interpretations/decisions.

Date Precipitation |AWRI
1-May-2o09 (4] 431
2-May-2009 il =321
3-May-zoo09 (4] 50.6
4-May-zo09 o 49.1
5-May-2zo09 [s) 47.8
6-May-2z009 2.1 48.9
7-May-2009 o 47.6
R MW avrannn n Ak R

Figure 6. One Station/Year/Month Data view Format

6.2.2. Multiple Years/Months

Views are also possible for a given month of all the years (say
March 1980, March 1981,..., March 2009). These are displayed
when a user selects one month (say March) and ‘All’ in the Year
option. Similarly, selecting ‘All” for month option and a given
year (say 1998) will display daily values for January to December
of the chosen year

6.2.3. Graphical View

From the view shown in figure 6, users can opt to view graphs of
the EDI values by clicking on ‘Click Here’ button under ‘View
Graph’. These graphs are generated using Jpgraph software and
they are useful in detecting trends that may lead to
droughts/floods. By moving the mouse over bars, the user is able
see the actual value of any bar. For example, in figure 7, the value
for the bar corresponding to July 21, 1998 is +4.28. Clicking on
any bar also opens a new window with more interpretations of the
EDI value.
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Figure 7. EDI Graph Extract for Embu, July 1998

The above graph extract shows the EDI values for 19" to 23™ July
2998 for Embu Station. It is easier to see a pattern in a graph than
in a table of values. In this graph (where X-axis represents days of
the month and ‘Y-axis represents the EDI values ) for example,
the floods were getting worse in Embu as the rains continued to
pound. Plotting graphs for a whole year can also be useful in
quantifying past droughts/floods.

6.3. On-Set/Termination and Severity of Drought

Using the EDI web-based system that we developed, it was
possible to quantitatively and qualitatively identify that the
drought that caused farmers massive losses in 2009 actually
started on 29" October 2008 for both Embu and Dagoretti while it
started on 23™ October 2008 in Makindu. The drought started
worsening (below -1) on 15™ March 2009 in Makindu, 22™ March
in Embu and 10™ April in Dagoretti. It subsided for 5 days (2™ to
6" November) in Embu and 5 days (18" to 22™ October) in
Makindu. In general, the drought continued ravaging the country
until end of 2009.

Dagoretti EDI ~ =-----* Embu EDI

— - & - — Makindu EDI

T!T

EDI Values
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Figure 8. Onset of the 2009 Drought

With this kind of information available to stakeholders on a daily
basis, solid decisions can be reached. Farmers can decide if to
plant or not and even what to plant where, and when. This would
save them losses that are incurred when a lot of investment is put
into preparing farms that will not yield. The government can plan
rescue measures in advance such as buying cattle from pastoralists
while they (the cattle) are still healthy and import grains in
advance. In the case of floods like the ones that occurred in 1998,
reading EDI values together with weather forecast for March-
April-May season would have saved human lives that were lost
when Nairobi River broke its banks and carried away shanties in
Mathare slums.

7. USING WSNS TO IMPROVE
DROUGHT PREDICTIONS

As earlier explained in section 3.4.3, weather forecasts in Kenya is
carried out by the Meteorological Department through very sparse
network of weather stations. These are expensive professional
weather stations that are located in only a given number of
locations to represent very large geographical regions whose
climate may not be homogenous. For example, Embu Weather
Station represents the entire Embu County with an area of 2,818
km®. The climate in Embu is so diverse that the upper areas
support tea growing while the lower sides are close to desert. This
sparse nature of the weather stations (and consequently the
weather data) introduces some incredibility to the drought
quantification discussed in this paper because the data used is too
‘course’ to have absolute meaning at the local (say a village) level.
This visibility gap is currently being filled by use Wireless Sensor
Networks(WSNs). WSNs are based on off-the-shelf low cost
technology that provides the potential to reduce cost and allow
sustainability in many developing countries where high cost of
maintenance and repair are the main hindrance to projects success.

WSNs are made up of collections of relatively small, self-
contained, micro-electro-mechanical devices. These tiny devices
have sensors, computational processing ability, wireless receivers
with transmitter technology and a power supply[10]. The sensor
board (the Agricultural Sensor Board by Libellium -
http://www.libelium.com/) that we are using for this research is
capable of sensing temperature, relative humidity, atmospheric
pressure, soil moisture, soil temperature, solar radiation among
others. The board also comes with GPRS and GPS modules.

The sensor boards as installed currently work as peers and they
individually send their readings to the MYSQL database
(discussed earlier in this paper) in form of text messages. This
configuration is being tested alongside an existing weather station
at the University of Nairobi, Kenya. Our WSNs implementation
includes temperature, relative humidity and atmospheric pressure
sensors as well as an e-weather station (wind vane, anemometer
and pluviometer) that is connected to the agricultural board to
measure wind direction, wind speed and precipitation respectively.

8. CONCLUSIONS AND FURTHER WORK

We have successfully demonstrated that appropriate use of ICT
tools (software in this case) can lead to weather forecasts that
matter to all the stakeholders. By providing a software solution
through which daily Effective Drought Index (EDI) can be
monitored, timely decisions can be made and hence making it
possible to put mitigation measures in place and consequently
reducing negative impacts. In this paper, we managed to
accurately quantify the 1983-1985 drought and the 1997-1998
floods in terms of when they struck, how severe they were and
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how long they lasted. The research concentrated on only 3 stations
in Kenya and data for 1979 to 2009. The tool presented here can
be extended to cover other stations as well as the data for 2010-
2011. The latter would be interesting because then it can be used
today (August 2011) to aid in planning for any eventuality now
that the March-April-May 2011 rain season failed in many parts of
Kenya and the Horn of Africa Region is general.

The EDI web-based decision support system can further be
improved by incorporating Google Maps similar to the ones used
at the Drought Termination and Amelioration by National Oceanic
and Atmospheric Administration at the National Climatic Data
Center in the US  (http:/Iwf.ncdc.noaa.gov/temp-and-
precip/drought/recovery.php) Further improvements that are under
way are in form of incorporating the use of mobile phones to send
alerts to stakeholders as well as the use of Wireless Sensor
Networks (WSNs) to improve the coverage and automation of
weather data collection.
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ABSTRACT

This paper reports on a study on the impact of using
Information and Communication Technologies (ICT) on the
livelihoods of microenterprises. The study used a
qualitative approach and focused on the case of South
Africa. Microenterprises play an important vole in socio-
economic development and in bridging the gap in the
segments of the economy of South Africa. The study
findings confirm that ICT use and support of institutions
and organisations have a positive impact on the livelihoods
of microenterprises. However, ICT use in microenterprises
is curtailed by challenges beyond access and ownership of
ICTs. Chief among these problems is lack of awareness of
application of ICT in business activities and awareness of
support services provided by business development
organisations.

Keywords— ICT use, microenterprises, livelihoods

1. INTRODUCTION

Microenterprises play a vital role in socio-economic
development in developing countries, particularly in areas
of job creation, income generation and skills development
among others [10, 16, 17]. In South Africa,
microenterprises form a large part of the Small, Micro and
Medium Enterprises (SMMEs) sector. Based on the
National Small Business Amendment Bill Gazette of 2003
[25], microenterprises are defined as enterprises with less
than ten employees, with a turnover of less than ZAR 0.2
Million (US$26,500) and a net asset value of less than ZAR
0.1 Million (US$13,300) [25]. The Act further categorises
the SMMEs into medium, small, very small and micro,
based on operating sectors, turnover, value of assets and
number of employees. Examples of microenterprises in the
South African context are hawkers, spaza shops,
handcrafters and street vendors. Microenterprises face a
myriad of challenges which may result in limited growth
and failure [31].

There is a belief that the use of Information and
Communication  Technologies  (ICT) may  help
microenterprises remain competitive and increase their
survival chances [29]. There is growing empirical evidence
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that the use of ICT in microenterprises may result in
improved communication, reduction in operating costs and
improved access to information and knowledge [23, 35].
Furthermore, use of ICT may lead to empowerment, growth
and sustainability of microenterprises [18]. However, the
use of ICTs amongst microenterprises, in most cases, is
limited to  non-sophisticated  technologies  [11].
Microenterprises do not use complex applications due to
limited financial resources, lack of IT skills and lack of
knowledge about the application of ICTs in their business
activities [34]. A number of institutions do, however,
support microenterprises to access and use the technology
for that end.

The use of ICT, as is the case with any innovation, has
potential consequences which could be intentional or
unintentional. We used Sustainable Livelihood Approach
(SLA) as theoretical underpinning to understand the impact
of ICT use on microenterprises. Livelihoods are described
as a means for living through capabilities of tangible and
intangible assets [4]. The concept of livelihood may help us
to understand the diversity of poverty, hence our choice of
SLA for this study. Microenterprises are perceived to be a
means for poverty alleviation in marginalised communities
[8]. Understanding of poverty requires consideration of the
diversity of livelihoods [3]. SLA takes into account wider
issues for the livelihoods of households and communities,
beyond technology and income poverty [3, 11, 17]. This
study was guided by the research question: How does the
use of ICT affect the livelihood of microenterprises?

We focused on South Africa which has a dual economy
structure [1]. The first economy is well developed,
integrated into the global supply chain and uses advanced
technologies. The second economy is underdeveloped and
communities in this economy experience inequalities and
limited opportunities [20]. The majority of microenterprises
operate in the second economy [14]. There are ongoing
efforts by Government and development agencies to try to
bridge the two economies, through interventions aimed at
promoting SMMEs from the second economy to the first
economy. The services offered by such agencies include
internet access and computer support. It is, therefore,
important to establish whether technology interventions
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embedded in business support programs have an impact on
the livelihood of microenterprises.

There is a paucity of studies on the consequences of ICT
use on the livelihoods of microenterprises. The majority of
studies on the impact of ICT use have focused on SMEs,
but do not particularly focus on microenterprises [10, 18].
Due to the uniqueness of microenterprises, these findings
may not always be applicable. Studies conducted in South
Africa have focused on technology, productivity and
organisation formation [14, 35]. There is still a limited
understanding of ICT use in relation to social factors in the
context of micro organisations. The main objective of this
study was to analyse how microenterprises use ICT to
utilise assets and structures, as well as the effects on
livelihood outcomes. The findings of this study will serve to
inform policy makers, especially those involved in business
development interventions supporting microenterprises, on
a wider scope of issues that affect the livelihoods of
microenterprises.

2. LITERATURE REVIEW

2.1. SMME:s in the context of South Africa

As already stated, the South African economic landscape is
segmented into two tiers, with different levels of economic
opportunities. The majority of microenterprises operate in
the second economy, where there is an abundance of
unskilled labour that does not meet the requirements of the
first economy [14].

The role of microenterprises in the economy is not well
documented. As a result, there is less clarity on the extent to
which microenterprises contribute to poverty alleviation and
economic growth of the country [1]. That withstanding,
there is growing anecdotal evidence about the role of
microenterprises in economic development [10, 18]. They
act as sources of employment, sources of income, seedbeds
for skills development; for poverty alleviation, self-
empowerment and sustainability of marginalised households
and communities [14, 26].

In striving to make the economic ecosystem more
productive, to support creation and growth of SMMEs and
to achieve sustainable production, the government has
introduced a range of policies, legislations, regulations and
initiatives for supporting SMMEs. The initiatives aim at
increasing the number of SMMEs graduating from the
second economy to the first economy, as well as trying to
address the high rates of failure of SMMEs (see Table 1)
[31].

Table 1. South Africa SMMEs promotion initiatives

Initiative Focus Main objective(s)

Accelerated and National ~ Support SMMEs business

Shared Growth for start-up through capital

South Africa financing.

(AsgiSA)

Nsika Enterprise National ~ Support SMMEs businesses

Promotion Agency through non-financial
services.

Small Enterprise National ~ Promote and support SMMEs

Development through training, funding and

Agency business advice.

South Africa Micro- National  Provide support for for access

Finance Apex Fund to finance for

(SAMAF) microenterprises

Khula National ~ Support SMMEs in accessing
financial services.

Real Enterprise Provincial Small business formation

Development (RED)
Door Program

support through funding and
training.

Microenterprises are bed