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ABSTRACT

Climate variability has been one of the most imaarrideterminants of crop productivity in the
world. Pearl millet farmers in the northern partdNamibia always encounter poor pearl millet
yields due to intra-seasonal characteristics aingbate variability. Specifically, the dry spells tha
always occur across pearl millet growth stages @udirrent droughts adversely affect crop
productivity. The overall objective of this studysvto assess the effect of climate variability on
pearl millet (Pennisetum glaucumproductivity and explore the usefulness of thenBmed
Drought Index for agricultural drought detectionNamibia The specific objectives of the study
were to determine the effect of the length of grayweriod, the length of dry spells that occur
during pearl millet growth stages and rainfall amtynon pearl millet yields. The study also
evaluated the possibility of using the Combined ugft Index (CDI) as an indicator for early

agricultural drought detection in Namibia.

The study used correlation analysis to determimedigree of association between the study
parameters. Instat Statistical Analysis Softwars wsed to perform climatic analysis, whereby
soil water balance was used to determine seasgthlemd the occurrence of dry spells (dry
days) during the pearl millet three major growthgsts. Monthly rainfall and temperature for
fourteen years (1998- 2012) as well as the NorredlRifference Vegetation Index (NDVI) data
were used in the analysis. Estimated daily rairtallOndangwa, Outapi and Ongenga were also

used in the analysis of this study.

The study revealed that the effect of length ofagng period, dry spells and rainfall anomalies
on pearl millet yields varies from region to regimd also with pearl millet growth stages. There
was also significant influence of lengths of drelép that occur at growth stage one (GS1) in
Oshana and Ohangwena, growth stage two (GS2) ins@mand growth stage three (GS3) in
Ohangwena on pearl millet yielddhe Combined Drought Index (CDI) was able to cepthe
historical drought events experienced in Namibiae Ftudy, therefore recommends the use of
the Combined Drought Index as a third agricultai@ught monitoring and detection indicator

in Namibia.
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CHAPTER ONE
1.0INTRODUCTION

1.1 Background information

In Namibia, about 60% of the population are subsist farmers and fully depend on crop
production where pearl millet is one of the majoops while at the same time agriculture at
large contributes 5-6% towards the GDP of the agu@latanyaire, 1996). However, the
country is frequently impacted by climatic extrensesh as drought and floods predominantly in
the plains. According to United Nations Developmeénigram (UNDP, 2011), for the last forty
years the country has experienced recurrent dresublamibia is in the category of countries that

have experienced six to nine droughts from 1970042

Similarly, flooding has inflicted devastating effemn agriculture and people of Namibia who
are located in flood prone areas (UNDP, 2011). @hedreme climate events lead to reduction
of crop yields especially when it occurs at semsigjrowth stages such as flowering and grain
filling. Although pearl millet can adapt well to@wring areas that are characterized by drought,
low soil fertility, high temperatures and performell in soils with high salinity or low pH,
climatic variations that result into prolonged dgbt; water logging, and frost among others can
reduce its productivity. Consequently, the nati@edmes negatively affected economically by
these extreme events (FAO/UNEP, 1999).

Although majority of Namibian subsistence farmene anainly dependent on rain fed
agriculture, the country’s precipitation is quiteagic. Climate variability has been the most
important determinant of pearl millet production Asia as well as in most parts of Africa
(Hedibi et al, 2012). Specifically, inter-annual variability rainfall and temperature have been
the key climatic characteristics that affect thecass of agriculture worldwide (Andreet al,
2009). However, it is difficult to characterize spie intra-seasonal rainfall events such as onset,
cessation and length of growing season becausatcfiypand erratic rainfall in the country.

In Namibia, climate variability and change are adhg proved by the increase of maximum
temperatures which have been getting hotter ovepést 40 years, as observed in the increasing
frequency of days exceeding 35 (du Pisani, 2004). In the meantime, the frequenoif days
with temperatures below’ & have been getting less while the frequency atehgity of extreme
events are likely to increase (Newtehal, 2009). It is predicted that by 2065 Namibia will



undergo an increase in temperatures of 2./ summer and 1°€ in winter as well as

stronger variability in rainfall (Newtoat al., 2009).

Pearl millet Pennisetum glaucumlocally known as “Mahangu”, is grown mainly ihet
northern parts of Namibia. It is a robust, fastwgrag, summer cereal with large stems, leaves
and panicles (Jensen, 1996). The crop is welltadap growing areas characterized by drought,
low soil fertility and high temperature and perf@armell in soils with high salinity and low pH
(Ipinge, 2001). The crop is used as the basicestaold for human consumption in various ways
including both leavened and unleavened breadsprindges and can also be boiled or steamed.
Apart from grain, its stems are used as animal,fbadding materials and also as a source of

fuel.

1.2 Problem statement

In Namibia, there is lack of documented informatiooncerning intra-seasonal climatic
characteristics and the influence of climate valiigdon crop production, and in particular pearl
millet. Although several drought detection/monitgyiindices, including the Deciles Index (DlI)
and Standardized Precipitation Index (SPI) werdiaity identified to be suitable and
recommended for use in Namibia (du Pisani, 200¥se indicators fail to adequately capture
the extreme climatic events of the country. Thisdige to the fact that they only consider
precipitation, do not consider the persistencehef gtress periods and require continuous data
observation without gaps (Balint and Mutua, 200ther drought indices such as the Combined
Drought Index (CDI) have worked satisfactorily ebere, especially for Kenya and Somalia for
drought detection. As a result, this study undertimoassess the effects of climate variability on
pearl millet productivity and explored the posstpilof using CDI for agriculture drought
detection in Namibia.

1.3 Objectives of the study

1.3.1 Overall research objective

The overall objective of this study was to assassefffect of climate variability on pearl millet
(Pennisetum glaucunproductivity and the applicability of the Combth®rought Index (CDI)

for monitoring drought in Namibia.



1.3.2 Specific objectives
The specific objectives of the study were:

I.  To determine the effect of length of growing peramdpearl millet yields.
ii.  To determine the effect of the length of dry spehispearl millet yields.
iii.  To determine the effect of rainfall anomaly on peatlet yields.

Iv.  To evaluate the applicability of the Combined Drouthdex (CDI) as an indicator for

early agricultural drought detection.

1.4 Hypothesis
In order to address the overall objective of thiglg, the following four hypotheses were tested:
I.  The length of growing period is the key determinafrpearl millet yields in Namibia.

ii.  Prolonged dry spells are the major cause of thémieg productivity of pearl millet in

northern Namibia.

iii.  Rainfall anomalies are the main causes of the miagliproductivity of pearl millet in

northern Namibia.

iv. ~ Combined Drought Index is a suitable agriculturabudjht monitoring indicator for

Namibian conditions.

1.5 Justification

Pearl millet is a staple food crop to 60% of thetimern Namibia population and remains the
major rain-fed crop that is proven to be drouglrent and perceived by the region to be most
suitable for the recurrent dry conditions of north&amibia. However, frequent crop failures
and mediocre crop yields characterize the regionfact, both commercial (61.8% of the
agricultural land) and subsistence (31.8% of thecatjural land) farmers in Namibia are always

affected by drought.



1.6 Description of Study area

1.6.1 L ocation and population
Figure 1 shows the map of the study afHze latitude and longitude of Namibia are 22000

South, 17°0@0" East. The neighboring countries include Zamdma Angola in the north,

Botswana in the east and South Africa in the santhsoutheast (Mendelsoanhal,2002).
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Figure 1: Map of Namibia showing the study area and geographical location in Africa

The country has a landmass of approximately 82468 of which 114,500 km2 (13.9% of

total area) is occupied by national parks, 21, BOB (2.5%) comprises restricted ‘Diamond
area, 469,100 km2 (57.0%) represents freehold Vatid title deeds and 218,300 km?2 (26.5 %)
are non-title deed communal land. The latter twegltiold and communal land, totaling 687,400
km2 or 83.5% of the country’s landmass, are comeitléo be available for agricultural land use
(L.A.C., 2005). Only 8% of the country can be cifisd as sub-humid, while 37% is semi-arid,
33% is arid and 22% is desert, whereby an estimatibich was done in 1996 indicate that
about 25% of the population lived on just 1% of thed in the Cuvelai drainage (Oshana,

Oshikoto, Ohangwena and Oshana Regions) areatbfoentral Namibia (Le Roux, 2011).

The study of the effect of climate variability witbspect to length of growing period and the dry

spells (in days) that occur during different peaillet growth stages on pearl millet yields
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focused on some regions (Ohangwena, Omusati ahdnagegions) of the northern part of the
country. The geographical locations of these regiare indicated in Figure 1. These are
representative regions of the northern part in wit6% of the Namibian population are living
and mainly dependent on rain fed agriculture, an@articular on pearl millet as it have been
indicated earlier. They are geographically situatethe northern parts of the country whereby
Omusati and Ohangwena form the boundary with Angothae north.

The border of Ohangwena region is Angola in themadmusati region in the west, Oshikoto
and Oshana regions in the south and Kavango regitire east, covering an area of 10,703Km
(N.P.C., 2011). The population is 245,100, with gopulation density of 23 people per Km
The border of Omusati region is Angola in the npikthinene region in the south and to the west,
Oshana and Ohangwena in the east, with populatid2zd®,900 (N.P.C.,2011). The Omusati

region covers an area of 26,573 &nith population density of 9 people Km

Oshana region is bordering Omusati region in thsty@hangwena region in the north, Oshikoto
region in the east and Kunene region in the sawuith, the population of 161,916 (N.P.C., 2011).

Oshana region covers an area of 8,653 ith a population density of 19 people per Km
1.6.2 Climate

The combination of cold water and high pressurethénAtlantic Ocean leads to subsidence of
cold dry air over large area of Namibia, which gallg suppresses rainfall (du Pisani, 2004).
This situation is dominant during most of the yeaxcept in summer when heating of the
continent is greatest and the southern positiothefinter-Tropical Convergence Zone (ITCZ)

draws moisture from the tropics over northern aadtexn Namibia and causes rainfall (du
Pisani, 2004). This is the time when the countnyeziences its single rainfall season (October to

April), of which the intensity is dependent on flav of tropical moisture.

The rainfall in Namibia is highly variable, rangifgpm less than 50mm per annum in the
western Namib and coastal zones to more than 70@tritme eastern end of the Caprivi Strip,
with only 5% of the country receiving more than 600. The bulk of the rain falls between the
months of October and March (Sweet, 1998). Annaaifall distribution is patchy and erratic

with the annual potential evapo-transpiration egagg annual precipitation by ratios of up to
30:1 (not counting the desert areas), hence droaghtitions are a common phenomenon

throughout most of the country (Sweet, 2006).

6



The coastal area of the country is often cooledhsy Benguela Current with less than 50
millimeters of rainfall annually while the CentrBlateau and the Kalahari have wide diurnal
temperature ranges of more than 30° C in summes dag less than 10° C in winter (du Pisani,
2004).

In central plateau, the average temperature foreDéer is 24° C and the average maximum
temperature is 31° C. In June and July the avakageerature are 13° C and 20° C respectively
(du Pisani, 2004; Mendelsotlet al., 2002). Humidity is normally low, and rainfall ireases
from about 250 millimeters on the southern and &resparts of the plateau to about 500
millimeters in the north-central part and 700 mbiters on the Caprivi Strip and Otavi
Mountains. The annual temperature of Omusati, Gsland Ohangwena range between 23 and
34 °C and the average annual rainfall varies betv@® and 600 millimeters. These regions are

also prone to floods due to the upper stream ofnthighboring country Angola (Shoopala,
2008).



CHAPTER TWO
20LITERATURE REVIEW

2.1 Introduction

This chapter presents reviews of some of the posvetudies on how climate variability affects
pearl millet productivity during different growthages on the crop. It also presents reviews of

the drought monitoring indices that are used in N&m

2.2 Climate variability and pear| millet productivity

Climate variability may be defined as the variatiom the mean state and other statistics (such as
standard deviations, the occurrence of extremes, @t the climate on all temporal and spatial
scales beyond that of individual weather eventsr@ighs, 2003). It is a term that is often used
to denote deviations of climatic statistics ovegigen period of time (for example a month,
season or year) from the long-term statistics irgatio the corresponding calendar period being
measured by those deviations, which are usuallmgdranomalies. Climate variability may be
due to natural internal processes within the cleratstem (internal variability), or to variations

in natural or anthropogenic external forcing vaitigb(Burroughs, 2003).

Several methods have been used in order to detertheneffect of climate variability on crop
yields including crops such as pearl millet. Onéhef methods is based on a z-distribution chart
which was used for different inter-annual climateiability anomalies in response to yield by
Ayanladeet al, (2009). In this method, crop yield data was ¢farmed into a z-distribution
format varying in scale from -3 to +3, wherebythé resultant z-values are negative (negative
anomalies) then the effect is insignificant andifpges anomalies represent significant effects on
crop yield. With regard to pearl millet, the stubly Ayanladeet al (2009) revealed that pearl

millet yield was reduced by climate variability nseiges such as rainfall anomalies.

Despite its high yield potential and drought tofex@ pearl millet production and yield are
however faced with numerous constraints. One ohia@r constraints is the high frequency of
dry spells that occur during the growing season thiglconsiderably reduces pearl millet yield
as it was also confirmed by Ayanladd al, (2009) Despite the fact that pearl millet
(Pennisetum glaucuni¥ one of the most important food crops in the rdeemi-arid tropics

(Maiti and Bidinger, 1981) that tolerates droughtNamibia drought was identified as one of



the major threats followed by lack of animal drhaugower (Matanyaire, 1996). The crop
biomass production is highly affected by environtakronditions, such as moisture and soil
fertility (Newman et al, 2010) among others. Climatic variability asstemaevents such as
floods and drought among others can cause injutlyearop during the growing period. Studies
by Ayanladeet al, (2009) and (Burroughs, 2003) revealed and atdidhat dry spells that
occur at the beginning of the growing season affgop establishment and reduce plant
population while dry spells during the floweringripel of the pearl millet crop lead to a

complete yield failure.

The reduction of yield in pearl millet is determihby several factors including the stages of
crop development when these events occur. Among@r ofactors are the duration of
floods/drought, air/soil temperatures as well as phesence of auxiliary buds on the damaged
plants (Tuckeet al, 2005 ).Prior to the 6-leaf stage (when the growing poghear or at the
soil surface), plants like corn, and millet canveeg only 2-4 days of flooded conditions (Le
Roux, 2000). In addition, a young crop has a sma&mand for oxygen and may be able to

survive better when submerged in water.

Meanwhile, small grain crops that are submergewater for two days, or longer, have little
chance for survival, whereby recovery may be vdoysand the yield will be dramatically
reduced. Oxygen concentration approaches zeroZfthours in a flooded soil (Weijun £t al.,
1995) Without oxygen, the plant cannot perform critiiB# sustaining functions, such as root
respiration, nutrient and water uptake due to imgzaroots. Even if flooding does not kill plants
completely, it may have a long term negative immactrop performance. Bivariate correlation
and multiple correlation analyses were used byjuwden, (2005) in order to determine how

climate variability affect the cereal crop growthges.

As it is the case with other crops, each growtlyestaf pearl millet is affected by climatic

variability differently, thereby making differenbotributions by each growth stage towards the
final crop yield. For example, the growth cyclepafarl millet may be divided into three stages.
The first stage that ranges from sowing to paniaigation (GS1) is the vegetative phase. The
second stage is the flowering / panicle developrstage, that extends from panicle initiation to

anthesis and the beginning of grain filling (GSay dinally the third stage representing grain-



filling stage / physiological maturity (GS3). Thestages have different moisture distribution

requirements.

Dry spells can cause poor plant growth or no depraknt thereby leading to crop failure or
depressed vyields. For example dry-spells at getioiméead to poor germination or reseeding or
optimum planting time being missed (Ayanlade et 2009). These authors also looked at the
length of dry spells at GS2 that reduce vegetagnevth, influence the main stem during the
flowering/pollinating of the main stem while at tkame time affecting development of new
tillers. On the other hand, the dry spells thatuoct GS3, affect the grain filling of the main
stem, lessening the number of tillers thereby legdo fewer heads per plant and poor seed

set/grain filling.

However, because of difficulties due to patchy andtic rainfall in Namibia, the study found it
difficult to pointout each and every dry spell that occurs during thigesarop growth cycle and
only grouped three major dry spells based on thmest important pearl millet growth stages
mentioned abovdn the event of excess moisture in the early veyetstages of development,
plants may be subject to greater injury duringyapriod because root systems at this stage are

not sufficiently developed to access available sillvgter.

On the other hand, floods which can occur as altresuvay above normal rainfall can be
assessed mainly based on variables that definothek damage to agricultural lands such as the
time of year of flood incident, water depth, dupatiof flooding, flow velocity and the time of
occurrence with respect to crop growth stages aitidat field operations (Forsteat al, 2008).
Intra-seasonal climate characteristics such agathionset and cessation, prolonged dry spells
and length of growing period can be determined 8 of specific climatically driven statistical
packages such as Instat among others (Rteal, 2006). To assess how pearl millet can be
affected by climate variability, the methods tharevused by Adejuwon ( 2005) and Stetn

al., (2006) for climatic analysis and how climateiahility affect crops were applied.

The assessment included the dates on which theiggaseason started and ended from which
the length of the growing season was determifigwe advantage of the “Instant’ statistical
analysis software is that it allows researchemnamipulate the climatic events such as shifting

of season where specific interest period can b&egpbpased on the rainfall season of the region.
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On the contrary, there are some aspects that can dna effect on these climatic events. For
example, the package can drop the rainfall onseat parameter date is set and this makes it

difficult for determining the onset date for couesrwith erratic rainfall like Namibia.

2.3 Climatic requirement for pear| millet

Generally, pearl millet can be grown where optimeaimfall ranges from 200 to 350 mm.
However, it is mostly grown as a rain-fed crop meas receiving 250 to 500 mm, whereby,
relying on sowing early-maturing cultivars is naiop (Kamkaret al 2006). Despite its drought
tolerance, pearl millet requires evenly distributaohfall during the growing seaso8djeret al,
2008) Generally, pearl millet development begins atagebtemperature around®C2with an

optimum temperature between 30 an8G5

Soil temperatures influence all aspects of earfyevative development including, the emergence
of seedlings, the initiation, appearance and fmainber of leaves and tillers (Kamkar al.,
2006). For germination and emergence (GS1), smiptgatures must reach°for germination

to begin. For the growth and development of GSR)perature requirements of pearl millet
depend on the crop variety, the optimum for plantagh ranging from 22 to 3& (Stigteret al
1998). The temperature for root elongation rangesvéen 22 and 36 with the optimum of
32°C. For a good photosynthetic response, the optirtemperature ranges from 31 t0°G5
(Stigteret al.,2002).

2.4 Growing period and agr o-ecological zones

Agro-ecological zones are basically defined assameigh the same crop suitability ratings, as
established through a simplified biomass produgtimiodel while growing period is the time
during a growing season when both air temperatoce soil moisture permit crop growth (de
Pauwet al, 1996; Allenet al, 1998). Furthermore, the length of growing perie formally
defined as the number of days during which pregijph exceeds half the potential
evapotranspiration, plus the number of days to etegnspire an assumed 100 mm (or less, if

not available) of water from excess precipitatida Pauwet al.,1996).

According to the Namibian agro-ecological and grayviperiod zones, Ohangwena region

comprises of Kalahari Sands Plateau (KAL3-2) whila stabilized sand drift with few pans
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comprising of the average growing period of 12D days, Kalahari Sands Plateau ( KAL3-3)
which is a stabilized sand drift with few pans aralerage growing period of 61-90 days,
dependable growing period of 60 % of average, KaiaBands Plateau ( KAL4) which is a
stabilized sand drift with common pans and KalaBands Plateau (KAL9-3) '‘Oshana’ flood
system, growing period of 61-90 days, dependaldevigig period of 60 % of average (de Pauw
1996et al.,1996).

The agro-ecological zones of Omusati region areacherised by Ekuma Plains and Etosha Pan
(ETO), Kalahari Sands Plateau with stabilized sdnfi and few pans (KAL3-4). The average
growing period ranges from 61 to 90 days with ay\srort dependable growing period. Some
parts are characterised by Kalahari Sands Plat@aslana’ flood system (KAL9-4) with the
dependable growing period of 61-90 days and veoytstependable growing period. There is
also Kalkveld (KALK-4), Kaokoland, high plateaux AO4) Kaokoland mountains and hills
(KAO1) with median growing period of 61-90 days arety short growing period respectively
(de Pauwet al, 1996.

Moreover the agro-ecological zones of Oshana regrenmainly dominated by Ekuma Plains
and Etosha Pan (ETO); Kalahari Sands Plateau (KAL.3Oshana” flood system, Kalkveld
(KALK-4) and undifferentiated rocky hills and inbelrg mountains (R). The growing period is
61-90 days of very short dependable growing pefiedPauw 1996ét al, 1996).

2.5 Drought monitoring indices

According to the World Meteorological OrganizatigiMO), drought index is often defined as

a single number characterizing the general drobghiavior at a measurement site, whereas a
drought event definition is applied to select dinugvents in a time series including the
beginning and end of the droughts (Hisdal and Ka#a, 2000). Meteorological drought is
usually an expression of precipitation’s departiioen normal (negative) over some period of
time. Hydrological drought on the other hand, egpes the deficiencies in surface and
subsurface water supplies (du Pisani, 2004). Maean agricultural drought is usually
expressed in terms of needed soil moisture forrécpéar crop at a particular time, whereas
socio-economic drought is the associated drougiits supply and demand for economic goods
(Hisdal and Tallaksen, 2000).
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Globally, there are many drought monitoring tedueis using various drought indices such
Deciles Index (DI) (Gibbs and Maher, 1967), Stadd&d Precipitation Index (SPI) and Palmer
Drought Severity Index (PDMIJdu Pisani, 2004), among others. Most drought nooimig
indices have been widely used in Africa, with ussdrgays facing challenges due to insufficient
data, and high variations of environment among rsth€hese have led African researchers to
develop one drought index that can be easily adajmevarious monitoring purposes (Balint,
2011).

Another drought index known as “Combined droughlexi is a new statistical drought index
that was developed for drought monitoring in therrHof Africa and it is applicable in data-
scarce environments and considers as many drottgibutes as possible, which can be easily
adapted to various monitoring purposes. The indmsiders all unfavorable climate conditions
that cannot be tolerated by plants for even few thgrweeks or days and can also offer the

possibility to be extended to annual or even lomggiods (Balint and Mutua, 2011) .

In southern Africa, and specifically in Namibiagtdrought policy which was developed during
the 1990s after independence stipulated that ttiaseght monitoring techniques that have been
used in other countries be tested for their appiiita (du Pisani, 2004). Deciles Index (DI) and
the Standardized Precipitation Index (SPI) werentified to be suitable (du Pisani, 2004).
However, these indices are more based on metedacalggarameters, need long period data and
do not precisely capture “agricultural stress”.r Ewample, the SPI can only use the rainfall data

and the hardcoded time scale analysis cannot beeba

Furthermore both of the indices do not considermtisistence of the stress periods and require
continuous data observation without gaps (Balimt Btutua, 2011). It is in this context that an
additional drought index that incorporates Preaimpn Drought Index (PDI), Temperature
Drought Index (TDI) and Normalized difference Vegein Index (NDVI)for soil moisture
deficits and persistence of dry soil conditions\wnaas the Combined Drought Index also needs

to be tested for Namibia.

Combined drought index considers precipitation congmt involving rainfall deficits and
persistence of dryness, excess temperature amenssstence as well as soil moisture deficits
and the persistence of dry soil conditions. Noreali Difference Vegetation Index data can be

used due to the limitations of observed soil moestiata (Balint and Mutua, 2011). On the other
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hand, Standardized Precipitation Index (SPI) israbability index which considers only
precipitation based on the probability of recordiaggiven amount of precipitation and
standardized so that an index of zero indicatesntledian precipitation amount (half of the
historical precipitation amounts are below the raedand half are above the median) according

to McKeeet al, (1993).

Standardized Precipitation Index (SPI) is negatoredrought and positive for wet conditions.
As the dry or wet conditions become more severe,inldex becomes either more negative or
positive. Similarly, Combined Drought Index (CDO§ equal to one (1.0) and if the CDI is
greater than 1.0, then it represents wetter thanage and if it is below 1.0 then it represents
dryer than average conditions. Normalized DiffeeeMegetation Index (NDVIyalues range
from +1.0 to -1.0, whereby areas of barren rockdsar snow usually show very low values of
0.1 or less. Sparse vegetation such as shrubsrasdlands or senescing plants may result in
moderate values (approximately 0.2 to 0.5). Highrnhadized Difference Vegetation Index
(NDVI) values (approximately 0.6 to 0.9) correspond tasdevegetation such as that found in

temperate and tropical forests or crops at theikggowth stage (Bethargt al,, 2006).
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CHAPTER THREE
3.0MATERIALSAND METHODS

3.1 Introduction

This chapter describes the study area and goeas disduss the data types and sources as well as
methodologies that were used to achieve the obgsctf this study. It describes the climatic and

pearl millet yields as well as satellite NormaliZ@dference Vegetation Index data.

In addition, the chapter describes methodologieshie assessment of the intra-seasonal climate
characteristics such as length of dry spells, aliminset and cessation dates that determine the
length of growing period which has been relatechwaearl millet yield. Further, the chapter

presents how the Namibian regions (shape filesgmolg) were merged together in order to test

the suitability of Combined Drought Index for th@ele country.
3.2 Data types and sour ces

The study used secondary data for rainfall, tentpexa Normalized Difference Vegetation
Index (NDVI) and pearl millet yields. The statiomhose data were used in this study include
Ondangwa, Rundu, Katima Mulilo, Gobabis, KeetmanghdVindhoek, Karibib, Opuwo and

Grootfontein. The geographical locations of théaéians are indicated in section 1.6.1.

3.2.1 Pear| millet yield data

Seasonal pearl millet yield data per region werigled by the Ministry of Agriculture, Water
and Forestry of Namibia for a period of fourteerarge(1998 to 2012). The yield data were
expressed in tonnes per hectare.

3.2.2 Rainfall data

Monthly and dekadal rainfall data for the period830 2012 for Ondangwa, Rundu, Katima
Mulilo, Gobabis, Keetmanshoop, Windhoek, Karibibpuwo and Grootfontein stations were
used to calculate the Combined Drought Index (CHbwever, for stations that were used as
regional representatives such as Ondangwd §1700" S and 1595 00"E) in Oshana region,
Outapi (17 57 00" S and 1%98 00"E) in Omusati region and Ongenga®(@% 00" S and 1%

67' 00"E) in Ohangwena region, estimated daily rdlinfata were used due to the unavailability
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of observed rainfall data. These data were obtafn@th International Research Institute for
Climate and Society (IRI) website http://portalaalumbia.edu.

These data were used to determine the relatiomstipeen pearl millet productivity and climate
characteristics with respect to dry spells occureemainfall anomalies and length of growing
period. In addition, for stations such as Karibma ®puwo, the estimated rainfall data were also
used. These data were obtained from Famine Earlyjné System Network (FEWSNET)
website http://earlywarning.usgs.g®8EWSNET is an African Data Portal that providesessc

to spatial data, satellite imagery, and other dathgraphic (Drury, 1990).

3.2.3 Temperature data

Daily maximum as well as minimum temperature dditthe stations mentioned in section 3.2.2
for the period 1998 to 2012 were obtained from NaanMeteorological Office. These data were
used for computing the Combined Drought Index f@mught detection in Namibia.

3.2.4 Nor malized difference vegetation data

Normalized Difference Vegetation Index data werawiel from satellite imagery and used for
computing the Combined Drought Index. These datee weed as a substitute for soil moisture
data which was lacking in the country. Normalizedfddence Vegetation Index data was
decoded from ten daily syntheses (dekadal) daytagge synthesis (VGT-S10) product that
contains only the NDVI band of “Satellite Pour I'€dyvation de la Terre (SPOT)” by using a
coding formula according to Drury, (1990) givendguation 1 below.

VGT-S10 = (DN * 0.004) = 0.1 ..voveve oo eeoee e oo equah 1

Where,

DN, refers to digital number value assigned foixel in a digital image.

VGT-S10 , refers to a ten dailgtegses (dekadal) day vegetation synthesis product
that contains only the NDVI band of “Satellite Pol@bservation de la Terre
(SPOT)".

The VGT-S10 dekadal data for each month were aeerég get the monthly value. Vegetation
(VGT-S10) data were downloaded from the DeVoCasbsite “http://www.devcocast.eu” a
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Satellite Pour I'Observation de la Terre -Vegetat{8POT-VGT) available at the resolution of
1000 nffrom 1998 to 2012.

3.3 Methodology

The methods that were used to achieve the objectdfethis study are presented in the

subsections that follow.

3.3.1 Data quality control

3.3.1.1 Data Homogeneity/consistency

To test whether there was consistency in the dat&athat were used in this study, single mass
curve technique was used. This involved plottingnolated quantities or values of a study
parameter against time. In this study, cumulatiathly totals of rainfall and temperature were
plotted against their corresponding years. Data suasulated backwards in time due to the fact
that the current conditions for the minimum and mmn temperature plus rainfall were
available. A straight line plot in the single massve indicated data homogeneity. Conversely,
whenever the straightness of the line was defornied data sets were considered to be

inconsistent.
3.3.2 Effect of length of growing season on pear| millet yield

Length of growing season was determined by courttiegnumber of days between the onset
and cessation dates of rainfall. The start of ithe series was shifted to July as recommended by
Sternet al, (2006). This was done in order to include thmfall months which were from
October to April. An assumption of sixty (60) milleters of soil water capacity within the soll
horizon where most of the pearl millet feeding soate concentrated was made based on the
findings of Stigteret al., (1998). In this horizon, approximately two-thirdEthe root system is

in the top 45% of the soil zone. A six (6) millitee soil evaporation rate per day was adopted
for the study regions according to Mendelsatnal,(2002), who reported that the average
evaporation rate in Oshana, Omusati and Ohangwadhan fthe range of 2400 - 2600mm per

annum.

In defining the onset date of annual rainfall a bormation of accumulated rainfall totals

(Walter's and Sivakumar's methods) and rainfalkwapotranspiration (Kowal's and Benoit's
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methods) was used as criteria (Stigteal., 1998; Soleet al, 2008). Onset dates were classified
as days when ten (10) millimeters or more of cunmngarainfall was received on condition that
no dry spells of more than seven consecutive daysiroed after the date when the initial
condition was met. Seven days were considereddeardo take account of germination (GS1)

and reproductive stages (GS2) that are more semsitishort dry periods.

The decision to use seven days was based on ithevaporation of the study area which is six
(6) millimeters per day, whereby the average exatpon rate for Oshana, Omusati and
Ohangwena fall in the range of 2400 - 2600mm peuan( Mendelsohet al, 2002) as well as
on the soil type which is classified as sandy qeits Pauw 1996ét al, 1996).Due to the patchy
and erratic rainfall of Namibia, the study furthesed the soil water balance approach as
indicator for available soil moisture to determthe dates of rainfall onset, cessation, length of
the growing season and dry spells that occur d&réifit growth stages of pearl millet. Instat
Statistical Analysis Software was used as a taopfocessing the onset and cessation dates.

3.3.2.1 Pearson correlation analysis

Correlation analysis was used in this study tordetee the degree of relationship between pearl
millet yields and length of growing season. Lengthgrowing season (number of days) was
correlated with pearl millet yield to determine tRearson correlation coefficient given in

equation 2.

......... Equation 2
r= n(Exy) - (2X) (Zy)
JInExX? - (2x)?][nZy? - (y)?]

Where,

r= Pearson Correlation coefficient
n= Total number of observations

x= Length of growing season

¥ = Pearl millet yields
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In order to analyse the statistical significancethed correlation coefficient between length of
growing period and pearl millet yield, the Pearsorrelation coefficient was transformed into a

test statistic that is distributed as the studelstribution given in equation 3 below.

n-2

tho =h' ['l - r':) .................................................. Equation 3

Where
t, is the computed t-statistic
n=is the sample size
n-2 =degrees of freedom

r=is the Pearson correlation coefficient accorditoqgequation 2

The resultant values of the t-statistic were compawith the tabulated values of the student t-
distribution at the 5% significance level. The dem rule was crafted as follows:

» If the t-statistic was greater than the tabulatedent t-distribution value at n-2 degrees
of freedom, then the associated correlation cdeffic(r) value was declared statistically
significant, implying that pearl millet was strogghfluenced by the length of growing
season.

» Conversely, the r- value was rendered statistiagallignificant if the computed t-statistic
was less than the tabulated value of the studdistribution value, and hence the length

of growing season had no significant effect on pesliet yield.

3.3.3 Effect of length of dry spellson Pear| millet yield

Dry spells were considered to be the number of exutsrze seven or more days after the onset
described in section 3.3.2. The effect of conseeuliays of dry spells (dry days) on pearl millet
yields were identified based on three main peatletngrowth stages according to Maiti and
Bidinger (1981). Stage one corresponds to the @efiom seedling emergence to panicle
initiation of the main stem (GS1), stage two froamjgle initiation to flowering of the main stem
(GS2) and finally stage three which comes afteredimergence of panicle of the main stem to

physiological maturity (GS3).
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The lengths of dry spells corresponding to eachlpe#iet growth stages GS1, GS2 and GS3
were correlated with the final pearl millet yielasdetermine the degree of relationship between
lengths of dry spells at respective growth stages the final crop yields. Pearson correlation
coefficient as described by equation 2 was usedniyse the statistical significance of the
degree of association of the variables. The testatfstical significance of the correlation was

done using the same approach as described ins&CH®.1

3.3.4 Effect of rainfall anomalies on pear| millet yield

The Weighted Anomaly Standardized Precipitation @%A index of Ayanladet al.009) was
adopted, adjusted and used in this study. The faral of equation that was used to compute the

rainfall anomalies is given as equation 4 below.

e Equation 4

Where:z = Standardizedariate, also called standardized anomaly

x= Total seasonal rainfall
« = Long term mean seasonal rainfall

¢ = standard deviation of seasonal rainfall observagon

In order to analyze the effect of rainfall anomsl@n pearl millet yield, the yields were also
transformed into standardized yield anomalies udtiogiation 4 above, where the equation

parameters now refer to those of pearl millet ygeld

The computed rainfall anomalies were correlatech vitie pearl millet yield anomalies to
determine the correlation coefficient using equati® in section 3.3.2.1The statistical
significance of the correlation coefficient was fpemed based on the procedure described in
section 3.3.2.1.

3.3.5 Evaluation of Combined Drought Index (CDI) asindicator for early agricultural
drought detection
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Combined Drought Index was determined by using diglcand monthly rainfall data, maximum
and minimum temperature as well as Normalized Defiee Vegetation Index (NDVI) for the
duration of fourteen years (1998 to 2012) in nifie representative stations around Namibia.
Monthly maximum and minimum temperatures were ayedan order to get a single value per
month. Dekadal values for the Normalized Differeagetation Index were averaged to get
monthly NDVI values for the calculation of month@pl.

Vegetation extract software program (VGTExtract)swased as a gateway to ArcGIS 9.3
software for the calculation of the Normalized Brfnce Vegetation Index values. Namibian
stations that were earmarked to be used for extraadf vegetation data to be used for
calculation of Combined Drought Index were clipgeased on the region shape files of the
country. Due to the fact that in some of the regiareas there were no Meteorological Stations
where the extraction of corresponding values ofnNdized Difference Vegetation Index could
be based on, some of regions shape files were chérgembined together as shown in Table 1

below. ArcGIS 9.3 software was used for mergingréggons.

Table 1: Merged regions and Meteor ological stations

Region Station

Caprivi Katima mulilo
Erongo Karibib

Karas Keetmanshoop
Kavango Rundu
Khomas & Hardap Windhoek
Kunene Opuwo
Omaheke Gobabis
Omusati, Oshana, Oshikoto & Ohangwena Ondangwa
Otjozondjupa Grootfontein
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The averaged maximum and minimum temperatures dsagveainfall totals were then inserted
into the CDI computer in-built program in ordergenerate the CDI values. Combined Drought
Index was computed using the combination of thegtteld average of precipitation, temperature
and soil moisture drought indices. The weighted%0&commended by Balint and Mutua
(2011) was distributed amongst precipitation (50%epetation (25%) and temperature (25%). In
the case where there were no temperature datab{EaGobabis, Ondangwa and Opuwo)
stations, 75% was assigned to precipitation wiideremaining 25% was assigned to Vegetation.
The interest period was considered to be sevenimaamce rainfall in Namibia is received from
October to April.

The Combined Drought Index was then calculatedgutiie following three steps according to
Balint and Mutua (2011):

a) Step one involved an approach where drought waseteed as a combination of:
* Precipitation component which considers raindaicits and persistence of dryness

» Temperature component which considers temperatxresses and persistence of high

temperature

 Soil moisture component which considers soil muwes deficits and persistence of dry
soil conditions, but because of limitations in smibisture observations data this was

approximated by NDVI deficits and deficit persisten

b) Step two involved computation of individual drotigidices listed below:
* Precipitation Drought Index (PDI)
» Temperature Drought Index (TDI) and

* Vegetation Drought Index (VDI), as a substituiethe Soil Moisture Drought Index
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c) Step three involved the integration of the abowdces into the computation process of

the Combined Drought Index (CDI), using equatidretow.

CDIl'i,m=Wpp * PDIj, m+ Wrp * TDI | m+ Wyp; * VDI i

...... Equation 5
Where: CDI = Combined Drought Index
PDI = Precipitation Drought Index
DI = Temperature Drought Index
VDI = Vegetation Drought Index as a substitutetfe Soil Moisture Index

W = is the weight of the individual drougdex

In summary, the computation of the desired drougbex was simplified using equation 6

below.

Actual average for IP
Combined Drought Index = LTM for IP

: deficit
Actual length of continous axcess 1D the IF)

deficit,  thelp

. LTM length of continous

xy exXcess

............ Equation 6

Where: IP, is the interest period,
LTM, is the long term average and deficit appliesrainfall and NDVI, and excess

applies to temperature

The values of the combined drought index were joneged according to the criteria set out in
Table 2 below in which the smallest value of thaexiindicated the most severe drought (Balint

and Mutua 2011).
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Table2: Combined Drought Index interpretation

CDI value Drought severity
>1.0 No drought
1.0-0.8 Vild

0.8-0.6 Moderate
06-04 Severe

<0.4 Extreme

Evaluation of the usefulness of the Combined Drouigthex in detecting agricultural drought in
Namibia was based on how best the index valuesrgiukwere able to capture historical
droughts in the country. The twelve monthly valtiest were generated during CDI calculation
procedure were averaged in order to get a singleevper year per season studied over
Grootfontein station. This was done due to the flaat long term data were only available per
year per season. Grootfontein was specificallyctetedue to its long term rainfall data (1929-
2012). The CDI values were then plotted againsiG@heotfontein station rainfall time series for

73 years.

A comparison of the Combined Drought Index (CDIljfpemance and that of the Standardized
Precipitation Index (SPI) over Grootfontein statwas also undertaken. This was intended to
confirm if the CDI could agree with the Standaréddpitation Index in determination of drought
years. The interest period was set for seven mdsthging from October to April which is the

rainfall season in Namibia) for the calculatiortled Combined Drought Index.

Standardized Precipitation Index (SPI) yearly valtieat were used for this comparison were
those calculated by du Pisani (2004) for the saer@@ (73 years). A weight of 100% was
assigned to precipitation during the calculation Gdmbined Drought Index. The averaged

Combined Drought Index values that were used fercdmparison of historical drought years in
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the country were then plotted against Standardlredipitation Index and also correlated using
the same approach as described in section 3.3.2.1.

CHAPTER FOUR

4.0 RESULTSAND DISCUSSION
This chapter presents results of the analyseseo$tiidy based on the methodology described in

Chapter Three as well as a comprehensive discuesite results thereof.

4.1 Data quality control
Figures 2 and 3 below show the single mass cureesainfall of Grootfontein and Outapi

stations.
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Figure 3: Single mass curve of Outapi rainfall (estimated (RFE)

Despite some minor insignificant deviations frora general linear trend by some data points for
rainfall in some years, no adjustments were madauthh data because such action could have
masked the desired extremes of climate (temperatnck rainfall) that this study sought to

address.

Figures 4 and 5 below show the single mass cumwesdgetation of Grootfontein and Outapi
stations while Figure 6 shows the single mass ctaveemperature of Grootfontein station.
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Figure 6: Single mass curve of Grootfontein temperature

In most cases, cumulative data plots were apprdaeimatraight with statistically significant
regression coefficients for the regression linethat5% significance level. This confirmed that

the data sets used were homogeneous and of adeepuality for the analyses.

4.2 Effect of length of growing season on pear| millet yield

4.2.1 Length of growing season categories

Table 3 below shows the percentage of observedHemiggrowing seasons among the three
categories (short: 60-90, medium: 91-120 and Idi&3-177 days) of length of growing season
for Omusati, Oshana and Ohangwena, grouped bastdtarowing period zones classification

of Namibia.

Table 3: Length of growing season (% of observed)

Region Short Medium Long
Omusati 40% 20% 40 %
Oshana 20% 53% 27 %
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Ohangwena % 80% 13 %

Table 3 shows that over the study period, the lengf growing season varied with regions.
Medium level lengths (91-120) of growing seasoneyg@redominant in Ohangwena (80%) and
Oshana (53%). There was a balance between the(60e®0 days) and long (121-177) lengths
of growing season representing 40% each for Omuesgiton.

In Ohangwena, the short and long lengths of growse®son are quite rare, representing 7% and
13% of the years respectively. A similar patterrsvadoserved for Oshana which experienced
short and long lengths of growing season correspgntb 20% and 27% respectively. In

Omusati region, medium duration (91-120 days), les@f growing season are the least (20%)

experienced.

4.2.2 Relationship between pear| millet yield and the length of growing season

Table 4 below shows the correlation analysis betwmssarl millet yields and length of growing
season for the three study regions (Omusati, Oslaanta Ohangwena) together with their

respective computed student t-statistics and t&likavalue.

Table4: Correlation coefficientsfor pearl millet yield and length of growing season

Region correlation coefficient | Computed t-statistic ~ Tabulated t-value
Omusati -0.24 -0.863 0.482
Oshana 0.23 0.827 0.482
Ohangwena -0.45 -1.609 0.482

Unlike the findings of Ayanladet al, (2009), the results of correlation analysis catied that
length of growing period did not show significantfluence on the pearl millet at 95%

confidence level in Omusati and Ohangwena regieng has been shown in Table 4 above.
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Possible reasons could be that most of the pedidtrfarmers adopted a practice of sowing short
duration varieties of pearl millet namely Okashamenber one and two as well as Kangara
(Ipinge, 2001). These varieties only need ninetysda mature compared to the local varieties

that need more than 100 days.

In addition, farmers adopted the practice of rauyicisk, by splitting their fields so that one
area is dedicated to the long duration varietiethéf onset was early and the other one to the
short duration varieties if the onset was late Whecfrom January to February (Rohrbaathal,
1999) However, the study recognizes other factors thitence pearl millet yield when short
season length is experienced. Other major coninpufactors include moisture availability
which depends on rainfall distribution throughdbe growing season (Burroughs, 2003),
management practices, soil characteristics, andl feoiility management among others.
However, there was a significant influence on tearpmillet at 95% confidence level in Oshana

region.

Furthermore, during the 2006/08, 2008/09, 20092101,0/11 and 2011/12 season, the season
lengths increased while the pearl millet yield W@s. This observation does not agree with that
of Ayanladeet al, (2009) whose findings indicated that the lontier season the higher the
yields of pearl millet. This indicates that theruld be other factors that influenced yield in the
areas other than season length. Therefore, funiwestigation is therefore required in order to
establish the other factors that could have comteid topearl millet yields in these areas. The
years, except 2006/08 season corresponding to theasons, were also declared by the

Government of the Republic of Namibia as flood slisayears.

Currently, the average yield of pearl millet pectage in Namibia is estimated at 200Kg/Ha due
to moisture unavailability (Matanyaire, 1996), mgement practices, soil characteristics, and
soil fertility management (Burroughs, 2003). Ontuaad Oshana experienced high percentage
of the pearl millet yield that fell in the categasllong season length where the yield was below
200 200Kg/Ha. For example, seasons like 2006/0@7/28, 2008/09, 2009/2010 2010/11 and
2011/2012 experienced early onset and long growpegod with adequate moisture being
available, but the yields were low compared to2665/06 seasowhich yielded more than 400
Kg/HA in all three regions, the highest among thas®ns
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4.3 Effect of dry spellson pear| millet yields

4.3.1 Occurrence of dry spellsin three major pearl millet growth stages

Table 5 below shows the proportions of dry spetiuneence in Omusati, Oshana and Oshikoto
regions distributed in three major pearl millet \gtio stages (GS1, GS2 and GS3) and three
categories of lengths of dry spells (7-10 daysl&days, and over 16 days).

Table 5: Proportion of dry spells occurrence for Omusati, Oshana and Oshikoto regions

No. of consecutive dry spell No. of consecutive dry spell No. of consecutive dry spell
from seedling to panicle from panicleinitiation from flowering to
initiation (GS1) (GS2) physiological maturity (GS3)
Region
16

11-15 16 days- | 7-10 11-15 16 days- 11-15 days- or

7 -10 days | days or more days days or more 7 -10 days i days more
Omusati 18% 26% 40% 7% - - - 20% 27%
Oshana 20 % 33% 40 % 40% 13% 60% - - 60%
Ohangwena 7% 20% 60% 7% 20% 20% - - 20%

Over the entire study period (1998 — 2012), theeolesd pearl millet yields ranged from 88 to
440 Kg/Ha (Refer to appendices 2 to 4). This ramigproductivity fell far below the potential
pearl millet yields in southern Africa. The yiedl pearl millet in southern Africa region under
optimal management ranges from 800 to 920 Kg/Ha{Raxchet al, 1999; Ipinge, 2001). Some
varieties of Pearl millet at some Namibian agrigtdt research stations has also recorded 1.5 to
1.75 tonnes per hectare (Rohrba&thal, 1999), (Ipinge, 2001). The results of this stiadg in
agreement with previous work that indicated thaty spells that occur during different crop

growth stages affect the yields negatively (Ayaalatal., 2009).

The results indicate that the highest percentageuaiber of consecutive dry spells occurred
during the initiation stage (GS1) whereby 60% @ fiiteen years occurred in Ohangwena, and
40% each in Omusati and Oshana of more than sixdegemays. Oshana region experienced
high percentage during the second growth stage X\®S#l categories of dry spell lengths (40%

of 7- 10 and 60% of at least 16 dry days) comp#&wddmusati which did not experience any dry
spell. Although the sensitivity of second growthge (GS2) cannot be compared with the third
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growth stage (GS3) which involves flowering, thegtyield can be adversely affected due to
less tillers development. Even if the moisture \@dsquate to allow the crop to germinate and
establish, the performance of the crop will dependhe amount of rainfall accumulated since

the onset of rainfall and soil water holding capaamong others.

In addition, in case of dry spell occurrences dyrthe establishment phase, most of the
seedlings would not survive due to the fact that thot systems are not yet deep enough to
sustain the crop during these dry spells. Evehaftsurvive, the growth and development of the
seedlings to the next rain would be affected (Bugits, 2003). Both Oshana and Omusati
regions experienced more than sixteen dry daysngutie third stage with Oshana region
experiencing higher proportion (60%) of dry spehan Omusati (27%). The dry spells that
occur immediately after the start of the third st&@S3) which is the most crucial stage for yield
formation play a big role in yield reduction duette fact that this stage involves flowering,

pollination and fertilization of panicle of the mastem.

Previous studies established that pearl milletdyezin be reduced if the dry spells occur at the
crucial stages such as initiations (GS1) and flovge(GS3) (Ayanladet al, 2009). In this case,
the grain filling process, which is the most sewsitto water deficit, is likely to have been
adversely affected. In addition, the developmenfoomation of the panicle of the tillers which

could have compensated for the yield losses ofrthie shoot would also have been affected.

4.3.2 Relationship between pear| millet yield and lengths of dry spells

Table 6 below indicates the proportions of dry kspatross pearl millet growth stages in the

three study regions (Omusati, Oshana and Ohangwena)

Table 6: Proportion of dry spells across growth stages when pear| millet yield fell below
200K g/Ha

% of consecutivedry % of consecutivedry % of consecutivedry
) spell days from seedling spell from panicle spell from flowering to
Region to panicleinitiation initiation GS2 physiological (GS3)
(GS1)
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Omusati (47%) (20 %) (13.3%)
Oshana (53.3%) (33.3%) (20%)
Ohangwena (40 %) (26.6%)

The study revealed that over the study period,ot@irrence of dry spells when the yield fall
below average (200Kg/Ha) varies with regions ad ag&pearl millet growth stages. The highest
percentage of years when the pearl millet yield below 200Kg/Ha were predominant in
growth stage one (GS1) whereby 53% was experieimc€@shana followed by Omusati (47%)
and Ohangwena (40%). During stage three (GS3)péneentages are quite less compared to
GS1 and GS2, whereby, Ohangwena recorded zeronpe@shana (20%) and Omusati (13.3%)
respectively compared to growth stage (GS2). Thigesponds to the growth stage that

experienced the highest proportion of consecutiyesgells (Table 5).

According to the pearl millet yield data used foiststudy, less than 200Kg/Ha were recorded in
1997/98, 1999/00, 2001/02 and 2002/03 in the thegens (Omusati, Oshana and Ohangwena)
and these seasons experienced prolonged dry fipatileccurred during the crop initiation stage

(GS1).
example in 1997/98 season, the regions experiedegdspells of more than sixteen days.

In some years, the number of consecutiyesgells went beyond sixteen days. For

Despite its high drought tolerance, millet yielde aowever reduced by prolonged dry spells
during the growing season and this considerablyaesl the yield. This was also confirmed by
(Ayanladeet al, 2009).

Table 7 below shows the correlation coefficientsMeen pearl millet yields and lengths of dry

spells at the three growth stages together witlstih@ent t-statistics for the three study regions.

Table 7: Correlation coefficients between lengths of dry spellsand pear| millet yields

Correlation Correlation Correlation
coefficient coefficient coefficient Tabulated t-
Region (GS1) t-statistic | (GS2) t-statistic = (GS3) t-statistic statistic
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Omusati

Oshana

Ohangwena

0.011 0.0388 -0.195 0.701 0.077 0.276
0.302 1.0837 0.130 0.469 0.111 0.400
0.302 1.0860 0.037 0.132 -0.175 0.630

0.482

0.482

0.482

The results of correlation analysis (Table 7) abionécate that there is a significant relationship
between lengths of dry spells that occur at GSieaf! millet at 95% confidence level in Oshana
and Ohangwena; GS2 for Omusati and GS3 for Ohargwehereby the computed t-statistics
were greater than the corresponding tabulated stud#stribution values. This finding was also
revealed by (Ayanladet al, 2009) although these authors did not distribbee dry spells

occurrence according to pearl millet growth stages.

4.4 Effect of rainfall anomalies on pear| millet yield

Figures 7 to 9 below show the plots of rainfall goerl millet yield anomalies over the study
period in Omusati, Oshana and Ohangwena regions.
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Figure 7: Rainfall and pear| millet yield anomaliesin Omusati region
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Figure 8: Rainfall and pear| millet yield anomaliesin Oshana region
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Figure9: Rainfall and pear| millet yield anomaliesin Ohangwena region

Figures 7 to 9 above indicate that 2007/08, 20Q82099/2010 2010/11 and 2011/2012 were
wetter than the rest of the study period. Howetlherse seasons experienced the longest growing
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period and wet spells; though they recorded theetdwearl millet yields (Kg/Ha). During
2010/11 crop season, Omusati and Oshana regioosleec88Kg/Ha. This was also reported by
Ayanladeet al, (2009) in some areas of the study regions wipe@! millet was adversely

affected by too much rainfall.

Too much rainfall during germination period, peutarly the first 3 to 4 days, results in poor
germination while heavy rain during flowering opening reduces seed set/grain filling which
leads to reduced yields due to poor grain quality EBdgingof plants (Adejuwon, 2005). The
highest amounts of annual rainfall that gave rize pearl millet yields below the average
(200Kg/Ha) were received in 2010/11 seasons. Tlaseunted to 853.6mm, 879mm and
1093.2mm for Oshana, Omusati and Ohangwena regekcti

Moreover, Figures 7 to 9 above indicate that theais a relationship between pearl millet yield
and the rainfall anomaly. In 2007/08, 2008/09, 22020 2010/11 and 2011/2012, as rainfall
anomaly increased, pearl millet yield decreased.itABas been indicated earlier and also
confirmed by various studies, too much rainfallutessin water logging that reduce the oxygen
and nutrient uptake which eventually adverselydftbe yield of pearl millet crop. This could

also be attributed other factors such as soil mastistribution which could not allow the crop
to establish, or other factors such as flooding] aatrient leaching among other factors that
could have contributed to crop failure.

These findings are in agreement with those by Biging (2003) and Ipinge (2001). Some areas
within Oshana and Omusati are also known to bé&eénproximity of salt pans (Namibia agro-
ecological zones classification, (de Pauvalet1996) whereby if the plant available water mixes
with the saline water, the water became unavail&dniglant absorption. On the contrary, the
decrease in soil moisture during the crop grow#lges reduces the potential crop yield, more
specifically during stage three (GS2) when theadpctive phase of the crop takes place. Table

8 below shows the correlation coefficients betwesenfall anomalies and pearl millet yields.

Table 8: Correlation coefficients between rainfall anomalies and pear| millet yields

Region
Correlation Correlation Correlation
coefficient coefficient coefficient Tabulated
(GS1) T-statistic = (GS2) T-statistic | (GS3) T-statistic = T- statistic
Omusati
0.587 2.611 -0.326 -1.242 0.203 0.746 0.759
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Oshana

-0.054 -0.195 -0.256 -0.954 0.351 1.351 0.759

Ohangwena

0.529 2.248 -0.283 -1.064 0.010 0.036 0.759

As shown in Table 8, rainfall anomalies had higingicant influence on pearl millet yields that
varied from region to region as well as with growdtages of pearl millet. Correlation
coefficients between rainfall anomalies represeniiet events and pearl millet yields were not
statistically significant at 95% confidence level®@shana during stage one (GS1). However, it
was significant at 95% confidence level in Omusatd Ohangwena during the same growth
stage. Rainfall anomaly had high significant inflae on pearl millet yield in Oshana region
during stage three (GS3). The pearl millet yielddmusati was also statistically significant at
95% confident level during stage three in Omuséiievin Ohangwena region, rainfall anomaly
had statistically significant influence during theame growth stage.

Other attribution factors could be that the momstdistribution for the entire growing period
could not allow the crop to establish well. In d@abdh, persistence of water logging (Weijunet.
al,1995) for a long period in some parts could aldb gearl millet due to lack of oxygen
following submergence of the crops as was expee@muring the 2010/11 rain season (Figure
10 below).

Figure 10: Flooded pear| millet crop during 2010/11 in Oshana region (Source: MAWF)

Of major interest was the Oshana region, whichred@minantly comprised of the “Oshana

flood plains” (intersection of shallow water cowsdecally known as Oshanas which used to be
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recharged by flood water from highlands in Angolelese Oshanas used to keep water from
heavy rainfall for a certain period and at the saime they could transport salt which increased
salinity in the soil (Mendelsohet al, 2000). This region managed to register peaietnyields

of 330Kg/Ha in 2009/10 while Omusati and Ohangweth&h are generally less dominated by
flooding systems recorded less than 200 Kg/Ha.Wtrest season in which pearl millet yield was
adversely affected by rainfall anomaly was 2010i#iereby, Ohangwena recorded 119 Kg/Ha

while Omusati and Oshana recorded 88 Kg/Ha each.

4.5. Evaluation of Combined Drought Index (CDI) asan indicator for early agricultural
drought detection

Combined Drought Index was run for the whole countftowever, only the results for selected
regions are presented in this dissertation as atelicin sections 4. 5.1 and 4.5.2 below. Results

for other regions are presented in appendix 7.
4.5.1 Time seriesof drought indices

Figures 11 to 13 below show a time series of theprded indices including Combined Drought
Index (CDI), Precipitation Drought Index (PDI), Tperature Drought Index (TDI) and
Vegetation Drought Index (VDI) fd(eetmanshoop, Grootfontein and Ondangwa stations.
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Figure 11: Time series of drought indices at Keetmanshoop (monthly)
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Figure 12: Time series of drought indices at Grootfontein (monthly)
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Figure 13: Time series of drought indices at Ondangwa (dekadal)
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Figure 11 indicates that the Precipitation Droughd Combined Drought indices were below
the threshold in 2000, 2008 and 2011 for Keetmamgistation. Moreover, in 1998, 2002, 2006
and 2009, all three drought indices were belowthiheshold. Figure 12 indicates that there were
similar patterns of all the three drought indicesl998, 2000, 2003, 2005 and 2007. However,
the patterns start to behave differently from 292011, whereby the Vegetation Drought and
Temperature Drought indices were increasing abbgdlreshold, while Precipitation Drought
and Combined Drought indices exhibited same pat@xoept in year 2009 where the

Vegetation Drought Index was below the threshold.

4.5.2 Computed Combined Drought Index

Figure 14 to 16 indicate the computed Combined Bhoundex (CDI) for the Keetmanshoop

(Karas Region), Grootfontein (Otjozondjupa Regiandl Ondangwa (Omusati, Oshana Oshikoto
and Ohangwena Regions) stations respectively. &g and 15 were based on the observed
monthly temperature, vegetation and precipitatidmergas Figure 16 was based on dekadal

precipitation and vegetation only.
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Figure 14: Keetmanshoop Combined Drought Index (monthly)

Drought Index

2.5

o0
=i}
(=3}
-l

o Mild

1999
2000

2001

CDI

Moderate mmmmSevere mmmmExtreme

2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012

Figure 15: Grootfontein Combined Drought I ndex (monthly)
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Figure 16: Ondangwa Combined Drought Index (decadal)

Figures 14 to 16 indicate that the year 1997/98 exaiemely affected by drought (CDI drought
severity rating of <0.4). The index behaves in sachvay that if all parameters (rainfall,
temperature and vegetation) are included in prapwstcorresponding to 50%, 25% and 25%
respectively, it decreases the severity of the giobut if 100% weighted factor is assigned to
precipitation only, the drought severity increagegiood example is the case for Grootfontein in
1999, where it reduces the drought severity frotneexe to severe. This is one of the advantages

of combining these indices into the CDI.

4.5.3 Comparison of time series Combined Drought Index (CDI) and historical drought
yearsin Namibia

Time series of rainfall anomaly for the period 19282000 and the computed Combined

Drought Index (CDI) were plotted and presentedigufe 17 below in order to find out if the

index captures historical droughts years experignoe Namibia as indicated by historical

records of precipitation.
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Figure 17: Time series of Namibia rainfall anomalies and Combined Drought Index (CDI)

The historical most extreme droughts in Namib@ said to have occurred in the 1930s and for
an extended period in the 1960s, and conclude®710/X1, years which were declared some of
the most devastating droughts ever experiencdaeimegion (Sweet, 1998). According to (Sweet
1998) the other " drought disaster " occurred m pleriod 1982-1984 due to three consecutive
years of poor rainfall, and the other one in 1992/9weet, (1998) further stated that another
national drought was declared again in 1996 andamasidered worse than the 1992/93 but it

attracted less publicity and international attemtizan the one of 1992/93.

The Combined Drought Index (CDI) captured all thewee mentioned historical drought years
and indicated that extreme droughts were experteaceording to CDI drought ranges of <0.4).
Furthermore, it also indicates that year 1994/98 2897/98 were also extremely affected by
drought although they did not appear on the doctedelst of historical drought years.

454 Comparison of time series of Combined Drought Index (CDI) and Standard
Precipitation Index (SPI)

The time series of the Standard Precipitation Indéich was earlier calculated by du Pisani
(2004) for the same period (73 years) as this sty the Combined Drought Index were

plotted on the same axes as shown in Figure 18telo
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Figure 18: Grootfontein Combined Drought Index and Standard precipitation indices

Figure 18 indicates that the two indices were ableapture all the historical drought years in
Namibia based on data for Grootfontein station.héligh the interpretation of the indices

differs, both indices managed to capture all docusehistorical drought years.

Results from correlation analysis between Combimrdught Index (CDI) and Standard
Precipitation index (SPI) for the study period gaveorrelation coefficient, r = 0.666 with
computed t-statistic 0.288 and tabulated t-vall8®.respectively indicated that there was a
statistically significant relationship between C&id SPI. The resultant correlation coefficient
was statistically significant at 95% level of caldnce level. As indicated earlier in this section,
the most serious historical drought years idemtifieere 1930/31, 1931/32, 1961/61, 1992/1993
and 1995/96. Both indices agreed in most of thesyiealuding 1950’s and early 1960s.
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CHAPTER FIVE

5.0 SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

5.1 Introduction

This chapter presents the summary, conclusionsesnmnmendations of the study.

5.2 Summary

The study investigated the effect of climate vahigbon pearl millet productivity and the
applicability of a third monitoring agricultural @ught index in Namibia. Pearl millet, a staple
food for majority of the Namibian population is g by subsistence farmers at a non-
commercial level under rain-fed agriculture. Thadgtwas intended to address the problem of
undocumented information on how intra-seasonal eimdate variability affects pearl millet
yield. It was also planned to contribute to thedhtion of the problem of agricultural drought
monitoring by exploring the possibility of recomnaigmg a third agricultural drought index to be
used in Namibia due to the fact that Standard Pitation and Deciles indices that are currently

used in the country require long term data withgags.

In order to address these challenges, the studyrdigted the effects of the length of growing
period, the length of dry spells that occur duripgarl millet growth stages and rainfall
anomalies on pearl millet yields. It also evaluatesl possibility of using the Combined Drought

Index (CDI) as an indicator for early agricultudabught detection under Namibia conditions.

Correlation analysis was used to determine the edeg@f association between the study
parameters. Instat statistical analysis software used to perform climatic analyses, whereas
soil water balance was used to determine seasgthlemd the occurrence of dry spells (dry
days) during the pearl millet three major growthgsts. Monthly rainfall and temperature for
fourteen years (1998- 2012) as well as the NorredlR2ifference Vegetation Index (NDVI) data
were used in the analysis of the Combined Drougtéx (CDI) for the whole country. Due to
lack of observed rainfall data, daily rainfall déta& Ondangwa, Outapi and Ongenga were
estimated and used in the analysis of the effectimfate variability on pearl millet productivity
in Omusati, Oshana and Ohangwena regions. Thetsesuthe study are summarized in the

following subsections.
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5.2.1 The effect of length of growing period on pear| millet yields.

The results of correlation analysis indicated thatgth of growing period did not show

significant influence on the pearl millet produdyvat 95% confidence level in Omusati and
Ohangwena regions. However, there was a significdioience on the pearl millet yields at 95%

confidence level in Oshana. Furthermore, in certaop seasons 2007/08, 2008/09, 2009/10,
2010/11 and 2011/12, the growing seasons increakgel the pearl millet yields decreased.

5.2.2 The effect of length of dry spellson pear| millet yields.

The results of correlation analysis indicated tiere is a statistically significant influence at
95% confidence level of lengths of dry spells tetur at growth stage one (GS1) of pearl millet
in Oshana and Ohangwena regions; growth stage®8&) for Omusati and growth stage three

(GS3) for Ohangwena on pearl millet yields.
5.2.3 The effect of rainfall anomalieson pear| millet yields.

Rainfall anomaly had statistically significant iéince on pearl millet yields that varies from
region to region as well as with pearl millet grovdtages. Correlation coefficients between
rainfall anomalies and pearl millet yields were stdtistically significant at 95% confidence
level in Oshana during growth stage one (GS1). Hewethey were statistically significant at
95% confident level in Omusati and Ohangwena dugrgvth stage one. There was a high
significant influence of rainfall anomalies on deaillet yields in Oshana region during growth
stage three (GS3). The correlation coefficient leetwvpearl millet yields and rainfall anomaly in
Omusati was also statistically significant at 958afadent level during growth stage three (GS3)
in Omusati while in Ohangwena region there wastatssically significant influence of rainfall

anomalies on pearl millet yields during the sanagest{GS3).

5.2.4 Evaluation of Combined Drought Index (CDI) as an indicator for early agricultural

drought detection.

Combined drought index which was tested for eadjore in the country based on the
representative meteorological stations demonstratedsefulness as a third agricultural drought
monitoring tool which can be used to monitor arededt the occurrence of drought in the
country. This was confirmed by the CDI's ability tapture all the documented historical

drought years in the country.
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In addition, results from correlation analysis betw Combined Drought Index (CDI) and
Standard Precipitation index (SPI) for the studyiqukindicated that there was a statistically

significant relationship between the performanc€Dbi and SPI at 95% level of confidence.
5.3 Limitations of study

Long term historical climatic data such as tempeeatand rainfall were not available,
particularly, in areas that were affected by wanflicts (northern Namibia and southern

Angola).

Climatic data for southern Angola are needed faalymis in Namibia since some drainage
systems such as Cuvelai Rivers (south of Evale of)gamong others affect crop production in
the northern part of the country. Lack of long tenmstorical agricultural data such as crop
yields, soil, hydrological (flood) data and timarme for this study, were the major limitations in

this study.
5.4 Conclusions

Based on the findings of this study that assedsecffect of climate variability on pearl millet
productivity in parts of northern Namibia and theefulness of the Combined Drought Index
(CDI) under the Namibian conditions, the study doded that:-

I.  Length of growing period did not have significanflience on pearl millet yields in
Omusati and Ohangwena regions while in Oshana metgogth of growing period

significantly influenced pearl millet yields.

ii.  Length of dry spells that occur during three magearl millet growth stages adversely
reduce pearl millet yields in Oshana and Ohangveemang growth stage one (GS1), in
Omusati during growth stage two (GS2) and in Ohagin growth stage three (GS3).

iii. Rainfall anomalies occurring during growth stagee ofGS1) affect pearl millet
productivity in Omusati and Ohangwena but don’ténaignificant effect on pearl millet

productivity in Oshana region.
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Rainfall anomalies occurring during stage three33gghly influence pearl millet yields
in Oshana and Omusati regions but not in Ohangwegian.

The Combined Drought Index (CDI) can be adopted #srd index for monitoring and

detecting the occurrence of agricultural droughtlamibia.

5.4 Recommendations

Based on the findings of this study, the followingcommendations are made for the

Government, researchers, farmers and other stalerisoat large in order to enable them cope

with the challenges associated with climate valiighon pearl millet productivity and for the

efficiency of agricultural drought detection in tbeuntry.

While the study acknowledged and appreciated tlagl peillet breeders who come up with the

short and early maturity varieties of pearl millethe country, Government, researchers, farmers

and other stakeholders at large should consideodating and intensifying the following

policies:

The seed multiplication program policy should besaded so that the quantity of pearl
millet seeds that is allocated for each farmer merelased in order to alleviate the
problem of seed shortage for reseeding in the evktiie occurrence of extended dry
spells during the initiation stage of pearl miltedp.

Combined Drought Index (CDI) should be adopted athied agricultural drought

monitoring index in Namibia.

The Ministry of Works and Transport which is thdesaustodian of meteorological
weather stations in the country should expand lseovations to measure agro-

meteorological data as part of their operations.

5.5 Suggestions for future work
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This study only looked at the extremes of rainfalk did not go into detail to establish the
persistence of water logging during the growingqeeas well as analyzing the effect of water
logging resulting from flooding on pearl millet phactivity. The study areas are flood prone
which often results into salinity and sodicity dietsoil. Therefore, an in depth analysis of the
effects of persistent water logging on pearl milbductivity needs to be undertaken. In
addition, further studies should be extended tertbgions of the country that are growing peatrl
millet and be supported by ground truth. Futurelists should also consider other minor crops
such as sorghum, cowpeas and Bambara nuts toisksthblv these crops are being affected by

intra-seasonal climate variability.
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Appendices 1. Rainfall onset, cessation and length of growing period

Season Region Onset Cessation length of growiriggperYield Kilogram/Ha
1997/98 Omusati 15-Jan 6-Apr 82 170
Oshana 14-Jan 1-Apr 78 170
Ohangwena 15-Jan 6-Apr 85 162
1998/99 Omusati 23-Dec 29-Mar 97 253
Oshana 25-Dec 30-Mar 96 253
Ohangwena 18-Dec 2-Apr 126 200
1999/00 Omusati 31-Oct 11-Mar 158 187
Oshana 29-Nov 5-Apr 128 187
Ohangwena 28-Nov 2-Apr 126 267
2000/01 Omusati 24-Jan 25-Mar 107 252
Oshana 3-Dec 19-Apr 137 252
Ohangwena 3-Dec 19-Apr 138 336
2001/02 Omusati 15-Jan 25-Mar 70 141
Oshana 15-Jan 26-Mar 71 141
Ohangwena 25-Nov 21-Mar 117 146
2002/03 Omusati 1-Dec 5-Mar 95 155
Oshana 27-Nov 3-Mar 97 155
Ohangwena 2-Dec 18-Apr 138 161
2003/04 Omusati 30-Dec 11-Mar 103 315
Oshana 16-Dec 11-Mar 86 315
Ohangwena 14-Dec 12-Mar 89 361
2004/05  Omusati 12-Nov 25-Mar 134 231
Oshana 14-Nov 23-Mar 130 231
Ohangwena 13-Nov 5-Apr 144 336
2005/06 Omusati 3-Jan 23-Apr 111 440
Oshana 4-Jan 28-Apr 115 440
Ohangwena 2-Jan 22-Apr 111 407
2006/07 Omusati 19-Oct 29-Mar 162 225
Oshana 20-Oct 10-Mar 143 225
Ohangwena 24-Nov 31-Mar 128 245
2007/08 Omusati 3-Nov 31-Mar 149 196
Oshana 31-Oct 17-Mar 138 196
Ohangwena 17-Nov 26-Mar 130 147
2008/09 Omusati 9-Nov 14-Mar 150 111
Oshana 10-Nov 13-Mar 124 111
Ohangwena 8-Nov 16-Mar 130 145
2009/10 Omusati 18-Nov 9-Apr 147 178
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Oshana 19-Nov 5-Apr 138 178
Ohangwena 18-Nov 6-Apr 140 330
2010/11 Omusati 16-Nov 29-Apr 165 88
Oshana 19-Nov 29-Apr 165 88
Ohangwena 16-Nov 5-May 171 119
2011/12 Omusati 18-Nov 30-Mar 132 142
Oshana 16-Nov 30-Mar 166 142
Ohangwena 16-Nov 30-Mar 135 343
Appendices 2: Dry spellsoccurrence during pear| millet growth stage of Omusati
No. of consecutive  No. of consecutive No. of consecutive Yield
dry spell days from  dry spell from dry spell from Kilogram/Ha
seedling to panicle  panicle initiation  flowering to
initiation (GS1) GS2 physiological
(GS3)
1997/98 16 34 170
1998/99 11 253
1999/00 12 31 64 187
2000/01 252
2001/02 6 141
2002/03 12 15 155
2003/04 29 17 315
2004/05 40 231
2005/06 12 440
2006/07 21 14 225
2007/08 10 22 196
2008/09 18 111
2009/10 25 11 178
2010/11 88
2011/12 11 142
Appendices 3: Dry spellsoccurrence during pear| millet growth stage of Oshana
No. of consecutive  No. of consecutive No. of consecutive Yield
dry spell days from  dry spell from dry spell from Kilogram/Ha
seedling to panicle  panicle initiation  flowering to
initiation (GS1) GS2 physiological
(GS3)
1997/98 18 23 170
1998/99 20 253
1999/00 11 31 187
2000/01 13 26 252
2001/02 13 18 141
2002/03 10 14 155
2003/04 9 23 315
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2004/05 51 19 16 231

2005/06 13 440
2006/07 28 23 16 225
2007/08 8 196
2008/09 8 8 22 111
2009/10 16 24 178
2010/11 9 88
2011/12 12 142

Appendices: 4 Dry spellsoccurrence during pear| millet growth stage of Ohangwena region

No. of consecutive No. of consecutive No. of consecutive Yield

dry spell days from  dry spell from dry spell from Kilogram/Ha

seedling to panicle  panicle initiation  flowering to

initiation (GS1) GS2 physiological

(GS3)

1997/98 16 34 162
1998/99 8 8 18 200
1999/00 21 21 267
2000/01 11 21 336
2001/02 22 146
2002/03 21 49 161
2003/04 18 11 361
2004/05 33 13 336
2005/06 18 407
2006/07 14 16 245
2007/08 26 13 147
2008/09 145
2009/10 16 330
2010/11 119

2011/12 12 343
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Appendices 5: Rainfall anomalies against pear| millet yield

Omusati  Oshana Ohangwena
Annual
rainfall rainfall rainfall
anomalies yield/HA anomalies yield/HA anomalies yield/HA
1997/98 -1.22 -0.40 -1.27 -0.87 -1.13 -0.40
1998/99 -0.16 0.53 0.04 -0.48 -0.20 0.53
1999/00 -1.20 -0.21 -1.19 0.20 -0.94 -0.21
2000/01 -0.38 0.53 0.00 0.91 -0.13 0.53
2001/02 -0.59 -0.74 -0.13 -1.03 -0.20 -0.74
2002/03 -0.96 -0.58 -0.85 -0.88 -0.70 -0.58
2003/04 -0.86 1.24 -1.10 1.16 -0.58 1.24
2004/05 -0.14 0.29 -0.94 0.91 -0.73 0.29
2005/06 1.66 2.66 1.43 1.63 1.60 2.66
2006/07 -0.80 0.22 0.86 -0.02 -0.98 0.22
2007/08 0.33 -0.10 0.72 -1.02 0.58 -0.10
2008/09 1.45 -1.08 1.14 -1.04 0.77 -1.08
2009/10 0.80 -0.32 -0.24 0.85 0.50 -0.32
2010/11 1.45 -1.34 1.82 -1.30 2.37 -1.34
2011/12 0.17 -0.72 -0.34 0.97 -0.23 -0.72
mean 522 206 510 247 598 206

stdev 229 88 203 98 209 88
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Appendices 6: Length of growing season anomalies against pear| millet yield

1997/98
1998/99
1999/00
2000/01
2001/02
2002/03
2003/04
2004/05
2005/06
2006/07
2007/08
2008/09
2009/10
2010/11
2011/12
mean

stdev

Omusati

Season length

days:
-1.36
-0.88
1.09
-0.55
-1.75
-0.94
-0.68
0.32
-0.42
1.22
0.80
0.21
0.74
1.32
0.25
124
31

yield/HA
-0.40
0.53
-0.21
0.53
-0.74
-0.58
1.24
0.29
2.66
0.22
-0.10
-1.08
-0.32
-1.34
-0.72
206
88

Oshana
Season
length

days.
-1.48
-0.84
0.28
0.59
-1.72
-0.81
-1.20
0.35
-0.18
0.80
0.63
0.14
0.63
1.19
1.61
120
28
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yield/HA
-0.87
-0.48
0.20
0.91
-1.03
-0.88
1.16
0.91
1.63
-0.02
-1.02
-1.04
0.85
-1.30
0.97
247
08

Ohangwena

Season length
days:
-1.48
-0.84
0.28
0.59
-1.72
-0.81
-1.20
0.35
-0.18
0.80
0.63
0.14
0.63
1.19
1.61
127
21

yield/HA
-0.40
0.53
-0.21
0.53
-0.74
-0.58
1.24
0.29
2.66
0.22
-0.10
-1.08
-0.32
-1.34
-0.72
206
88



Appendices 7: Time series of Combined Drought Index at different stations across Namibia

Windhoek (Monthly)
(NB: The Smaller the index the more serious the drought)
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Drought Index

Windhoek CDI (Monthly)
(NB: The Smaller the index the more serious the drought)
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Drought Index
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Drought Index
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Drought Index
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