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Abstract

AGRO-CLIMATIC CHARECTERIZATION OF LESOTHO FOR DRYLAND
MAIZE PRODUCTION
by
Mokhele Edmond M oeletsi
(MSc. in Agrometeorology, University of the Free State)

Agro-climatic characterization of Lesotho for dryland maize farming was performed
using temperature and rainfall indicesin a GIS environment. The temperature and rainfall
meteorological parameters were patched for missing data using the UK method for the
maximum and minimum temperatures. Missing daily rainfall data was patched using the
inverse distance method. Statistical evaluation d the patching methods showed good
performance. The spatial distributions of different temperature variables and indices were
mapped. Important meteorological parameters were the frost occurrence (first day, last
day and duration) and monthly and seasonal heat units. The onset of frost is early
(March) over the highland areas while the low-lying areas onset can be as late as June.
The last day of frost over the low-lying areas is mostly in August and on the other hand,
the highlands last day of frost is in November/December at some places. Rainfall
interpolation was done using the kriging method of the geostatistical analyst. Important
aspects mapped include monthly averages, seasonal amounts, annual amounts and
number of days of high daily rainfall. Wet season (October to April) rainfall was high
(>800mm) over the north to northeastern parts of the country while some areas over the
east and southern parts received less than 500mm of seasonal rainfall.

Climatic potential of maize under dryland farming in Lesotho was investigated using five
climatic suitability indices namely: probability of receiving heat units of greater than
1500GDD, probability of a frost-free growing season, probability of seasonal rainfall of
more than 500mm, probability of 15-day dry spells during December to February and the
dope of an area. For each of the above parameters a coverage layer was prepared in GIS
environment and the layers were overlaid to obtain the agroclimatic suitability map of
maize in Lesotho. The districts of Butha Buthe, Leribe and Berea are shown to have areas
which are highly favorable for maize cultivation under dryland farming while the
unsuitable areas are mostly over the high-lying areas (Mokhotlong, Thaba Tseka and
Qacha s Nek) together with other parts of the southern lowlands.

Keywords. Agro-climatic zoning, maize, climate, temperature, rainfall, patching of
missing data, GIS, interpolation.
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Chapter 1 - Introduction

The agricultural productivity of a geographic areais dependent on many factors including
inherent soil and terrain characteristics and climatic constraints (Liu and Samal, 2002)
and these factors are interdependent and constantly evolving in time and space. Agro-
climatic suitability studies of an area can help the farming community in making sound
decisions on the crop selection for different localities. This research will focus on
temperature and rainfall to identify suitable areas for the maize crop production in

Lesotho.

Limitations in water resources, climate variability together with the increase in
population motivate one to choose a useful land-use to optimize the use of the available
natural resources (Antonie, 1996). Sustainable management of land resources requires
sound policies and planning based on knowledge of these resources, the demands of the
use to which the resources are put, and the interactions between land and land-use
(Antonie, 1996). In order to achieve all this, climatic investigations are necessary
(Yazdanpanah et al., 2001). Climate is vital for the selection of correct crops for a given
locality or site, the more detailed the knowledge, the more intelligently the land use can
be planned on macro and onfarm scales according to Schulze et al. (1997). Climate
largely determines which crops can be grown, where they are best grown, when they
should be grown and the potential yields that may be expected (De Jager and Schulze,
1977). To improve food security around the country of Lesotho, it is of great importance
to delineate the country into different zones according to the climatic requirements of a
given crop in order that everyone (agronomist, agrometeorologists, extension workers,
farmers, researchers etc) has a common goal of planting crops capable of succeeding in
different areas of the country. For Lesotho it isimpossible to increase financia returns by
expanding cropped area as there is little available virgin land. Thus improvement can be
attained by improving productivity of the available arable land by cultivation of crops
with high potential in specific areas (Jayamaha, 1977). Therefore there is an urgent need
for a comprehensive detailed study of the agro-climatological characteristics of the

country and the agro-climatic zoning for maize as a staple food must be completed.



Zoning divides the area into smaller units based on distribution of soil, land surface and
climate. The level of detail to which a zone is defined depends on the scale of the study,
available data and sometimes on the power of the data processing facilities (Antoine,
1996). Agro-climatological zoning is defined as a division of a certain area into several
zones, according to the degree of favourability for growing a given crop using climate
factors (Todorov, 1981). As known, African farmers in the past used to grow most of
their crops around their houses or huts. There was little or no trade of agricultural
produce since people planted only for their own consumption. Gradually people began to
realize that it was better for a farmer to grow agricultural crops for which suitable
climatic conditions exist, and to exchange the excess of his produce with farmers from
neighbouring areas with different climate. Thus, gradually certain zoning of agricultural
crops has come into being Todorov (1981). The agro-climatological zoning of a crop
passes through three main stages which are (1) Studies of the agro-climatological
requirements of the crop, (2) Studies of the existing agro-climatological conditions in the
areaand (3) Studies of the extent of satisfaction of the crop’s requirements (Y azdanpanah
et a., 2001).

Maize (Zea mays L) is a warm climate plant and is grown over a wide range of climatic
conditions. It is a fast growing crop that yields best with moderate temperatures and
plentiful supply of water (Aldrich et al., 1978). Some cultivars are only very short in
height, others up to 6 to 8m in height; some have a very short growing season 60 to 70
days to maturity, others grow for a longer season over 200 days depending on the variety
and climate of the place (Sprague and Dudley, 1988). It is a crop cultivated by many
countries and in the widest range of environments going from below sea level to well
over 2600m in the Africa and the Andean highlands (Frere, 1977). Based on the land area
devoted to the crop, maize is the third most important crop utilized by man and the
leading producers of the crop are: USA, Germany, North Italy, North China, Argentina
and Brazil (Martin, 1989). The bulk of the maize crop is grown in the climatic regions
transitional between marine and continental, and is mostly grown between latitudes 30°
and 55° but principaly in latitudes below 47° (Sprague, 1955).



Maize is the most important cerea crop in sub-Saharan Africa, the other most important
cereals are rice and wheat. Maize is high yielding, easy to process, readily digested, and
costs less than other cereals (IITA, 2002). It is one of the most important cereals both for
human and anima consumption and is grown for grain and forage (Doorenbos and
Kassam, 1988). In industrialized countries maize is largely used as livestock feed and as a
raw material for industrial products, while in low-income countries it is mainly used for
human consumption. In sub-Saharan Africa, maize is a staple food for over 50% of the
population. In Lesotho maize is the staple food for aimost al the country’s population
and it is mostly planted by subsistence farmers under dryland farming. It is an important

source of carbohydrate, protein, iron, vitamin B, and minerals (11 TA, 2002).

According to FAO data, 592 million tonnes of maize were produced worldwide in 2000,
on 138 million hectares (see Table 1.1 and Table 1.2). The United States was the largest
maize producer (43% of world production) followed by Asia (25%) and Latin America
and the Caribbean (13%). Africa only produced 7% of the world's maize (11ITA, 2002).
The world average yield in 2000 was 4,255 kg per hectare. Average yield in the USA was
8600 kg per hectare, while in sub-Saharan Africa it was 1316 kg per hectare (IITA,
2002). The present world production (2003) is about 635 million tons of grain from about
141 million ha (FAOSTAT, 203) (Table 1.2). Lesotho maize production for 2003 was
estimated to be 150,000 tons from the area of around 180,000ha with the average yield of
0.8tongha. This value is very low compared to the South Africa’s yield of around
2.9tong/ha.

Table 1.1 Maize production (tons) for the whole world, Africa, SADC, South Africa and Lesotho

(Source: FAOSTAT)

Region 1999 2000 2001 2002 2003

World 607,436,528 592,654,010 614,751,705 604,407,521 635,708,696
Africa 42,352,470 44,350,365 41,311,744 43,292,967 44,492,035
SADC 18,352,950 22,355,187 17,067,929 19,002,894 19,147,549
South Africa 7,946,000 11,431,183 7,748,124 10,049,134 9,714,254
L esotho 124,549 158,189 102,700 150,000 150,000




Table 1.2 Area (ha) planted to maize for the whole world, Africa, SADC, South Africa and L esotho
(Source: FAOSTAT)

Region 1999 2000 2001 2002 2003

World 138,829,369 138,248,324 139,081,441 137,830,111 141,151,308
Africa 25,876,294 25,776,863 25,606,569 26,530,159 26,767,859
SADC 12,322,920 12,618,667 11,614,496 12,028,294 12,322,038
South Africa 3,567,383 3,813,840 3,223,220 3,349,660 3,350,000
L esotho 132,360 187,057 130,300 180,000 180,000

1.2  Study area

Lesotho is located in Southern Africa (Fig 1.1) between 28° and 31° south of the equator
and 27° and 30° east of the Greenwich meridian and the country is situated at the highest
part of the Drakensberg escarpment with altitude ranging from 1,500m to 3,482m above
the sea level (Fig 1.2) (Chakela, 1999). Although, the climate of Lesotho is classified as
temperate, it has been described as better for people than for crops due to the semi-arid
conditions and atmospheric hazards that causes maor constraint to agricultural
production and development (Wilken, 1978; Chakela, 1999).

The climate of Southern Africa is very much governed by its geographical location and
thereby its position in relation to the general circulation of the atmosphere (Hyden, 1996).
The country of Lesotho’s climate is greatly affected by orography. Topographical
features influence the climate in many ways; winds are deflected and lifted by orographic
features thus affecting rainfall, temperature and the moisture content of air masses.
Lesotho is within the sub-tropical high pressure zone in which the basic air circulation is
anticyclonic (Hyden, 1996). In winter, mid-latitude polar cyclones result in frontal type
weather with low temperatures, some precipitation and strong winds in the west and
southwest, and heavy snow fals at higher atitudes in the highlands (LMS, 2000). In
summer, the southward movement of the intertropical convergence zone (ITCZ) alows
an inflow of moist air of tropical origin, producing 85% of the country’s total annual
rainfall.

The average annual rainfall varies from area to area from as low as 500mm in the Senqu
River Valley to as high as 1200mm in a few localities in the northern and eastern border.

Most of the rainfall comes in the seven-month period from October to April and rainfall



peaks from December to February when most of the country record over 100mm per
month. The lowest rainfall occurs in June and July when the monthly totals of less than
10mm are recorded at most stations (LMS, 2000). Temperatures are highly variable, on
diurnal, monthly and annual time scales. Norma monthly winter minimum temperatures
range from —6.3°C in the highlands to 5.1°C in the lowlands. However extremes of
monthly mean winter minimum temperatures of -10.7°C can be reached, and daily winter
minimum temperatures can drop as low as -21°C at few places over the highlands. Sub-
zero daily minimum temperatures can be reached even in summer both in the lowlands
and in the highlands (LMS, 2000). January records the highest mean maximum
temperatures throughout the country, ranging from 16.5°C at high atitudes to 29°C in the
lowlands. On the other hand, mean minimum temperatures of around 0°C are common in
June, the coldest month, with the lowlands recording the monthly mean temperatures
ranging from -3°C to -1°C and ranging from -8.5°C to-6°C in the highlands (LMS,
2000).

The country has been divided into four agro-ecological zones (Fig. 1.2); the lowlands
have elevation ranges of 1400m to 1800m, the foothills with elevations of 1800m to
2000m, the Senqu River Valley with elevations of 1400m to 1800m and the mountainous
area (Highlands) occurring at the elevation of 2000m — 3400m (LMS, 1999). Apart from
the limitations caused by the weather and climatic conditions only around 15% of the
country is arable and the rest is composed of rocky land as well as steep dopes
(Jayamaha, 1977). The mountain region of the country covers 70% of the surface and it
extends from the central area and reaches the highest atitude in southern Africa in the
north east. According to Jayamaha (1977), the main agricultural activities in the country
(about 75%) are confined to a narrow belt, the ‘lowlands which extends along the
western boundary of Lesotho from north to south and the southeast where the generd
elevation is of the order of 1500m to 1700m above sea level. Agricultura operations are
also pur sued on a limited scale along the foothills but little to no agricultural activity on a
large scale is conducted at the higher elevations beyond the foothills (Jayamaha, 1977).
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1.3  Objectives

This research is concerned with the spatia interpolation of meteorological data as a
preliminary step prior to use in the climatic zoning as layers in a GIS. To fully complete
the process of the zoning, different indices have to be developed depending on the
requirements of the crop (Joerin et al., 2001). For each of the indices a coverage layer
should be prepared using interpolation techniques in a GIS environment. In the second
stage, coverage layers are overlayed to obtaining an agro-climatic map of an area. The
final agro-climatic suitability map will be reclassed to highly favourable, favourable,
weak and not suitable area (Y azdanpanah et al., 2001). The main goa of this research is
to delineate the suitable areas for the maize crop within a GIS context, using climate
indices. Although the maize crop has certain requirements for al meteorological
elements, temperature and precipitation are of greatest importance and therefore the study

will concentrate on them.

The main objectives of the study are:

1) To patch missing rainfal and temperature data using scientifically
approved methods.

2) To characterize agro-climatology of Lesotho taking into consideration

mainly rainfall and temperature variability.

3) To classify the country of Lesotho into several zones according to the

climatic potential of maize grown under dryland farming.



Chapter 2— Literature Review

2.1 Climate

Climate is the composite of all the many varied, day-to-day weather conditions in a
region over a considerable time (Buckle, 1996; UKMET, undated). This time period
should ideally be long enough to establish relevant statistical information necessary to
describe the variations in a region's weather (Buckle, 1996; Schulze et al., 1997).
Kendrew (1949) as quoted by Schulze et al. (1997) described climate as more than
average weather for it includes the dynamic and intricate variations occurring diurnaly,
daily, monthly, seasonally and annually and also includes evaluations of extreme events
and the variability about the mean. According to Holden and Brereton (2004), climate
also includes concepts of probabilities of occurrence of specific events (e.g frosts,
specific winds etc). Climate is determined by three key factors: the amount of energy the
climatic system receives from the sun; the way in which this energy is distributed
throughout the system and the degree of interaction between the various components of
the system (Buckle, 1996). Climate of a place on earth is controlled first by the region’s
location with respect to the maor pressure belts and prevailing wind systems of the
general globa circulation. The general global circulation is mostly responsible for the
distribution of the main climatic belts. The hot and dry climate in the subtropics
corresponds to the descending limbs of the Hadley circulation (Schulze, 1965; Buckle,
1996). The second influence on a region’s climate is the modifications to the gereral
circulation that results from conditions at the surface. Thisinclude it’s position relative to
the distribution of land and sea and the height of the location above sea level, vegetation
cover, the general nature of the surface (soil type, water, snow, ice) and orientation
relative to hills or mountains (Schulze, 1965; Buckle, 1996).

The worldwide system of winds, which transports energy, moisture, momentum and
mass, is called the genera circulation of the atmosphere, and it gives rise to the Earth's
climate zones (ACE, undated; Buckle, 1996). For example, warm air from the equator
where solar heating is greatest moves towards the higher latitudes, without such

latitudinal redistribution of hesat, the equator would be much hotter than it is whilst the



poles would be much colder. The general circulation of air is broken up into a number of
cells, the most common of which is called the Hadley cell (Fig 2.1). Solar radiation is
strongest nearer the equator. Air heated there rises and spreads out north and south. After
cooling the air sinks back to the Earth's surface within the sub-tropical climate zone
between latitudes 25° and 40° (ACE, undated; Buckle, 1996; Hyden, 1996). Located at
the descending limb are Sub-tropical High Pressure Belts that dictate surface wind
patterns and aso influence rainfall and temperature regimes on the continent.
Consequently, many of the world's desert climates can be found in the sub-tropical
climate zone. Surface air from sub-tropical regions returns towards the equator to replace
the rising air, so completing the cycle of air circulation within the Hadley cell (ACE,
undated).
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Fig 2.1 Hadiey cells and the global wind ystems showing the movement of air around the globe
(Source:California State Institute)

The Sub-tropical High Pressure Systems on both sides of the Equator generate two wind
systems that converge on the equator in a zone termed Inter-Tropical Convergence Zone
(ITCZ). ITCZ is an area of low atmospheric pressure, which is generaly marked by a
band of cumulonimbus clouds over the ocean, formed by the rapid upward convection of



moist air (Hyden, 1996). The ITCZ shifts with the seasonal movement of the sun across
the tropics, In June, inthe southern hemisphere winter season, the ITCZ is located few
degrees north of the equator while in December: southern hemisphere summer season,
the ITCZ is located south of the equator. ITCZ affects the distribution of rainfall and
climatic zones (Hobbs et al., 1998; Hyden, 1996).

2.2 Climate and crops

Knowledge of climatology is an invaluable aid in the agricultural development and
planning of a region and climate and weather are key factors in agricultural production
(De Jager and Schulze, 1977; Jones and Thornton, 2000). In some cases, it has been
sated that as much as 80% of the variability of agricultural production is due to the
variability in weather conditions, especialy for rainfed production systems
(Hoogenboom, 2000). Climate is one of the most important limiting factors for
agricultural production: frost risk during the growing period and low and irregular
precipitation with high risks of drought during the growing period, are common problems
in agriculture (Moonen et al., 2002). The critical agrometeorological variables associated
with agricultural production are precipitation, air temperature and solar radiation
(Hoogenboom, 2000). Because of the influence of temperature, precipitation, frost-free
days, and growing degree-days on crop growth, long-term data on climatic variables are
needed to predict which crops might be suitable (Young et al., 2000). For example, they
influence what crops can be grown in a region, the annual variation in crop and pasture
production, and the amount of water available for livestock. Interrelations between
climatic factors and crop characteristics are an important part of agro-climatological
zoning. By relating and comparing the agro-climatol ogical requirements of the crop with
the existing agro-climatic conditions in an area, one can find the extent to which the
requirements are satisfied during the different phases of the crop’s development
(Todorov, 1981).

Solar radiation provides the energy for the processes that drive photosynthesis, affecting
carbohydrate partitioning and biomass growth of the individual plant components

(Hoogenboom, 2000). FAO (1978) sates that, photosynthesis produces the source of



assimilates which plants use for growth. Furthermore, plants have an obligatory
developmenta pattern in time (and space) which must be met if the photosynthetic
assimilates are to be converted into economically useful yields of satisfactory quantity
and quality. This developmental sequence of crop growth in relation to the calendar (i.e.
crop phenology) is influenced by climatic factors. Duration of solar radiationis one of the
important environment factors for maize growth and development, for the individual
leaves as well as the entire canopy (Hatfield, 1977). Some crops are very sensitive to the
length of day. Short-day plants would flower only when exposed to short periods of
radiation while long-day plants flower only when exposed to long periods of light,
without interuption Some plants are day neutral; that is, flowering is not regulated by
photoperiod. Photoperiodism also explains why some plant species can be grown only at
certain latitudes (Gardner et al., 1985).

In general, temperature determines the rate of growth and development; but in some
crops temperature may also determine whether a particular developmental process will
begin or not (e.g. chilling requirement for initiating flower buds in Pyrethrum), the time
when it will begin, subsequent rate of development and the time when the process stops
(FAO, 1978). It is not temperature alone that is sufficient but precipitation must also be
taken into account since the magnitude and seasonal variation of either or both can limit
the growth and development of crops (ICRISAT, 1980). The temperature regime is a key
factor in maize adaptation and the use of the accumulated heat units (growing degree
days) is of great importance (Crane et al., 1977). In the equatorial and tropical regions
(FAO, 1978) where temperatures are high and uniform throughout the year, soil water
availability is the sole determining factor, while in the higher latitudes where water use is
low due to low temperatures, the actual temperature may limit the growing season for
crops. In the tropics and equatoria regions, evapotranspiration is high and thus more
water is lost to the atmosphere while at the higher latitudes there is less evaporation, but
in the regions within the sub-tropical high pressure zone soil water availability coupled
with temperatures determines the success of the crops. Most methods of accumulating
temperature in the form of day-degree are based on air temperature, but during the early

stages of growth when the apical meristem is below or close to the soil surface, it is the



temperature of the soil which is more important and differences of 1°C at 5cm depth can
induce large changes in the early stages of the growth of crops (Milbourn and Carr,
1977).

Precipitation does not directly control any of the plant processes. It is considered to be a
modifier, that indirectly affects many of the plant growth and developmental processes.
In the agro-climatological evaluation of rainfall, the most important considerations are
the stability of agricultural water resources, the water requirements of agricultural plants
and the identification and prediction of various agriculturaly significant rainfall
characteristics (Green, 1966). Drought occurs during periods of insufficient rainfall,
while water-logging occurs during periods of extensive rainfall (Hoogenboom, 2000).
Drought can cause an increase or decrease in developmental rates, depending on the stage
of development. In many cases, the response to drought stress is also a function of
species or cultivar, as some species or cultivars are more drought-tolerant than others.
Drought can also reduce gross carbon assimilation through stomatal closure, causing a
modification of biomass partitioning to the different plant components (Hoogenboom
2000). Water-logging stress is caused by flooding or intense rainfall events causing a lack
of oxygen in the rooting zone, which is required for root growth and respiration. A
decrease in oxygen content in the soil can result in a decrease in root activities, causing
increase in root senescence and root death rates. The overall effect of water-logging is a
reduction in water uptake; the ultimate impact is similar to the drought stress effects
(Lauer, 1998; Hoogenboom 2000).

Other weather factors that can affect crop production include soil temperature, wind, and
relative humidity or dewpoint temperature. In many regions, soil temperature is important
during the early part of the growing sason, as it affects planting and germination. For
winter crops, such as winter wheat, the soil temperature can also affect vernalization
(Hoogenboom, 2000). Relative humidity, dewpoint temperature or vapor pressure deficit
are similar agrometeorological factors, that express the amount of moisture present in the
air. They affect transpiration and the amount of water lost by the canopy, causing drought

stress under water-limited conditions. At harvest or maturity, both air and dewpoint



temperature affect the dry down time of the harvestable product. Wind can also have
multiple impacts on crop production. First of all, it can affect the rate of transpirational
water loss by the leaves. In aldition, it can affect the transport and the distribution of
insects and diseases in the atmosphere, and subsequent presence in the plant canopy.
Extreme wind can also affect the potentia for lodging, especially for tall crops
(Hoogenboom, 2000).

Microclimates influence crop growth and development (Bishnoi, 1989). For example,
winds delay flower fertilization, slow down growth and causes frosty conditions.
According to Bishnoi (1989), winds are also a strong factor in the spread of insects and
diseases like rust and aphids. Microclimatic conditions may further generate specific
problems due to topographic, physical and physiographic conditions of the region making
it necessary to further delineate into areas with specific problems for agro-climatic

exploitation.

2.3  Agro-climatological Descriptions

2.3.1 Growing season

The growing seasonis the period of time each year during which perennia crops such as
pastures and forages and annual crops on the whole can grow (GA, 2003). The growing
season is different for different species. It depends on water, temperature and radiation
conditions (Hakanson and Boulion, 2001). White et al. (2001) described the length of the
growing period as the time available when water and temperature permit plant growth,
based on estimates of available soil water. The growing season is not necessarily the
frost-free period, but for a particular plant which has the lower threshold of 0°C, its
growing season corresponds to frost-free period. It is important to determine the growing
season of an area or dtation so as to investigate whether it can match the optimum
growing period of a particular crop. Caldiz et al. (2001) used the temperature constraints
for the identification of the potential growing seasons and length of growing period for

potatoes in Argentina. The growing season or period is sometimes referred to as the rainy



season. When rainfal is the main constraint for agricultural production, the rainy season
can be considered as the growing season. The rainy season's start and its duration have
been previousy investigated for agricultural, botanical, and ecological purposes. to
define the effective time to plant, to estimate the growing season's length, germination
and seedling emergence (Benoit, 1977). When using rainfall to define the growing
season, along dry spell after the start of the rains causes a "false start” (Veenendaal et al.,
1996).

232 Frost

The greatest agricultural risk in connection with low temperatures is frost, which can
cause severe destruction of fruit, vegetables and crops. The sensitivity of a crop to low
temperatures depends on many factors; including the severity of the temperature drop and
length of time the cold persists. Plant species differ greatly in their susceptibility to
chilling injury (Teitel et al., 1996).

Normally two types of frost situations can be distinguished, radiation and advective frost.
Advection frost occurs during situations where cold air intrudes into an area. This results
in the lowest temperatures at the elevated sites. Radiation frost on the other hand, occurs
on clear nights when a large amount of heat is radiated towards the sky, and its
occurrence is generally patchy (Lindkvist et al., 2000; Teitel et al., 1996). The damage
due to radiation frost differs from that due to advection frost mainly in its degree.
Usually, plants that would be killed by advection frost are usually only partially damaged
by radiation frost (Critchfield, 1966). Prevention of crop damage due to radiation frost is
more feasible than advection frost. During radiation frost, only a thin layer of air
immediately above the ground is cooled while the overlaying layers are warmer
(Rosenberg et al., 1983; Oke, 1987).

One way of estimating the local frost risk for a specific location is by accumulating the
number of occurrence with temperatures below 0°C. Calculations of frost sum and

coldness sum (cold units) below a certain threshold value are commonly used methods



for quantifying the frost risk at different areas (Lindkvist et al., 2000). The frost-free
period is the number of days between the last date of 0°C in the spring and the first date
of 0°C in autumn. It provides a measure of the period during which plant growth can
occur uninterrupted by frost, and it provides a way to compare growing conditions. The
first frost date is the date when the air temperature drops to 0°C. Although the screen
temperature is used to estimate frost dates, the difference between the air temperature at
screen level and at crop level does not generally create large discrepancies in determining
the frost-free period for most crops. Actual frost damage depends on the temperature,

crop type and crop condition(GA, 2003).

2.3.3 Dry spdls

Semi-arid regions (including Lesotho) are characterised by dry weather spells.
Occasionally these reach exceptional proportions which seriously disadvantage farming
activities and require special agricultural planning strategies and management decisions
(De Jager et al., 1998). Although the definition of adry spell may vary, depending on the
aims and methodology used in each study, it generally refers to number of days without
appreciable precipitation. A crucial aspect in this is the definition of a significant rainfall
threshold in the typification of a dry day. Lazaro et al. (2001) employed a threshold of
1 mm, since rainfall less than this amount is usually evaporated off the surface.

234 Wet spélls

The length of a wet spell is defined as the consecutive number of days with a significant
rainfall. The minimum length of a wet spell is taken as one day (Herath and Ratnayake,
2004). Sharma (1996) defined a wet day as aday with rainfall of more than zero and the
probability of occurrence of a wet day depends on the climatic system of a place or
region. Wet spells are an inherent property of climate, and depending upon their
durations and the rainfall associated with them, they can have distinct advantages as well
as disadvantages (Mwangala, 2003). For instance, in agriculture, wet spells of relatively
short duration, typically not exceeding 3 days with light to moderate rainfall, can be very



conducive to crop growth. However, if the spells are long, crop damage can easily occur

as aresult of water-logging in the soil or even flooding (Mwangala, 2003).

2.35 Water stress

Soil water stress will occur if there is not a balance between the atmospheric demand for
water and supply of water available in the soil (Shaw, 1977). Soil water availability is
determined by the interaction of four factors: (1) amount of water present in the soil, (2)
characteristics of the soil profile, (3) water requirements of the crop and (4) demand for
water by the atmosphere (Shaw and Newman, 1991; Hoogenboom, 2000). Atmospheric
demand is a function of the energy available (solar radiation), movement of water away
from the evaporating surface (wind), dryness of the air (humidity), and air temperature or
sensible heat level (Shaw and Newman, 1991). For crop water to be adequate, the
available soil water must be more than sufficient to meet the atmospheric evaporative
demand. On windy, hot, sunny days with low humidity, for instance, evaporation demand
on acrop is high; and thus, a high amount of available soil water must be present if the
crop isto avoid stress. Under cloudy skies, high humidity and cooler temperatures, on the
other hand, atmospheric evaporative demand will be lower. Less water is needed to meet
the demand, thus, plants can survive with lower amounts of available soil water (Shaw
and Newman, 1991).

2.3.6 Growing degree days/Heat units

A degree day is the difference between the average temperature for a day and some base
temperature. Growing degree days (GDD) are used to match crop requirements for heat
to the amount of heat available. The base temperature for calculating growing degree
days is the minimum threshold temperature at which plant growth starts GA, 2003).
Temperatures that are cooler than normal result in sower rate of development. If the
average dally temperature is below the base temperature, the growing degree day value
equals zero. Negative values are not calculated because the crop is not set back by a
temperature lower than the base temperature. The calculation of growing degree days
assumes that plant growth is related directly to temperature when there are no other



limitations. The growing degree days is calculated from the minimum and maximum
temperatures. The following formula is used for obtaining growing degree days for maize
(McMaster and Wilhelm, 1997)-

AT T U
GDD - e( MAX MIN )u_ TBASE
€ a
Where Tyax and Tyin are daily maximum temperatures and minimum temperatures

respectively. Tgase = 10°C (for maize) is the base threstold temperature.
24 Maize

The origin of maize remains uncertain, although it is generally agreed that its evolution
into the modern forms took place primarily in Central America (Rouanet, 1987). It is
assumed that nmeize was discovered by Christopher Columbus on the Bahamian island of
San Salvador on the October 12, 1492 (Mangelsdorf, 1974). But Rouanet (1987) further
suggested that maize was grown by the Indians around 5000 BC. There are a lot of
theories (e.g. The pod- maize theory states that cultivated maize has been derived from a
wild form of pod maize and the Teosinte theory states that Teosinte [an ancient and still
flourishing wild grass from Mexico and Guatemal@ is an ancestor of maize) that have
been put forward regarding the evolution of nmaize into the present form (Rouanet, 1987,
Mangelsdorf, 1974). Even in that remote past Saunders, 1930), it constituted a staple
article of food and it was held in such a high esteem by its earliest growers that it was
regarded by them as a gift of the gods and played a prominent part in their religious life;
so much so that the work of planting and harvesting was frequently attended with
elaborate ceremony so that the gods might grant a bounteous yield. But the rapid spread
of maize throughout the world was attributed to the navigators of the sixteenth and
seventeenth centuries (Rouanet, 1987). Its presence in the Mediterranean, Asia and Gulf
of Guinea was noted as early as the sixteenth century, and in the heart of Africa, in the
seventeenth century (Rouanet, 1987). According to Saunders (1930), maize reached
South Africa after the arrival of the first Dutch colonists when sent from Amsterdam on
25" October 1655.



24.1 Temperaturesrequirements

The rate of growth and development of crops from planting to maturity is dependent
mainly upon temperature. Maize is a crop with a rapid growth rate that yields best under
moderate to warm temperatures. Cool temperatures slow down the progress to maturity
and high temperatures hasten maturity (Brown, 1997). Each plant and animal has its own
specific optimum temperature for growth and a temperature range in which it thrives.
Once temperatures outside this range are encountered, the animal or plant suffers and
growth slows (GA, 2003). Temperature (soil and air) during the gowing period is the

single most important environmental factor controlling maize devel opment.

2.4.1.1 Germination

Before germination, the seed absorbs water and swells. The ideal temperature
requirement for germination is from 16°C to 32°C (Rouanet, 1987). According to
Sprague and Dudley (1988), optimum germination and emergence occurs when
temperatures reach 20 to 22°C. Germination proceeds faster at higher temperatures
assuming that water is available (Sprague, 1955). Germination will be sow in dry il,
but will speed up as soil water increases until saturation is reached. For germination, the
lowest mean daily temperature is about 10°C (Doorenbos and Kassam, 1988). Maize also
requires the soil temperature at seed depth to be favourable for seedling growth.
Minimum soil temperatures of 10 to 13°C are required for maize germination and
seedling growth. Cooler temperatures alone are not likely to impose a stress on the
seedling, but only delay its emergence. According Wallace and Bressman (1937), maize
usually emerges in 8 to 10 days at an average temperature of 16 to 18°C, but it takes
longer (18 to 20 days) at 10 to 13°C. If the soil is wet enough and at an average
temperature of 21°C, emergence may occur in 5 to 6 days. Even frost and freezing
temperatures should not cause a problem during pre-emergence (Shaw and Newman,
1991). But wet weather together with cold temperatures following planting will favour
development and activity of some soil pathogens that can produce disease stress in the
young seedling (Shaw and Newman, 1991).



2.4.1.2 Early vegetative growth

Young maize plants are relatively resistant to cold weather (Sprague and Dudley, 1988;
Lacey and Roe, 2001). From emergence to stage V6 (when six leaves have fully
emerged), the growing point is below the soil surface and therefore recovery from
moderate freeze is rapid and almost complete according to Ritchieet al., (1986). But later
on, low temperatures will kill the plants whose growing point is at or above the soil
surface (V8 stage or later). Air temperatures during the early vegetative stages should be
around 25 to 35°C, which is considered optimum for rapid leaf growth (Sprague and
Dudley, 1988). Growth during the early vegetative stage has been related to soil
temperatures. Dry matter production in maize plants is greatest when average daily soil
temperature at the 10-cm depth is about 27°C (Shaw and Newman, 1991).

2.4.1.3 L ate vegetative growth

Relationships between weather and yield are more significant in the late vegetative
growth stages i.e., the 3 to 4 week period up to silking (Shaw and Newman, 1991;
Sprague and Dudley, 1988). Temperatures of around 24°C during late vegetative stage
result inyields near normal (Sprague and Dudley, 1988). The optimum temperatures for
this period ranges from 21°C to 33°C. If temperatures above 33°C are experienced,
water stress may also occur. Under this dual soil water-temperature stress condition,
vegetative growth will be reduced (Shaw and Newman, 1991).

2.4.1.4 Tassdling, silking and pollination
This is the most critical stage in maize development for any type of stress to occur.
Combined soil water-temperature stress during the reproductive period can substantially
reduce fina grain yield (Shaw and Newman, 1991). Although separating the effects of
these two stresses is difficult, most temperature stress conditions occur on high
atmospheric-water-demand days i.e., days when the daily mean temperature is above
25°C and the daily maximum is above 35°C, regardless of soil water conditions (Lacey
and Roe, 2001; Shaw and Newman, 1991). Wallace and Bressman (1937) reported that
the 115-day cultivar took 74 days from planting to tasseling with an average temperature
of 20°C, but only 54 days with an average temperature rear 23°C and thus, the higher the



temperature the shorter the phenological period (see also heat units). Cool nights reduce
the rate of growth before tasseling (Sprague and Dudley, 1988).

2.4.1.5 Grain-filling to maturity

For this period, the optimum minimum temperatures range is from 6°C to 21°C and the
maximum temperatures from 18°C to 33°C. As seen from the wider range in this period,
it is apparent that temperature has less influence on development and growth than in the
previous stages (Brown, 1977). It has been well established that the bnger the grain
filling period the higher the grain yields provided frost doesn't kill the plant before the
kernels are filled. Thus cool temperatures help to prolong the sub-periods of development
and boost yields (Brown, 1977).

2.4.2 Heat requirements

Since 1730 when Reaumur introduced the concept of heat units, or therma time, many
methods of calculating heat units have been used successfully in the agricultural sciences
(McMaster and Wilhelm, 1997). Particularly in the areas of crop phenology and
development, the concept of heat units has vastly improved description and prediction of
phenological events compared to other approaches such as time of the year or number of
days (Bloc and Gouet, 1977; Bootsma, 1977). Accumulated heat is the most important
environmental factor to the growth rate of the maize plant McMaster and Wilhelm,
1997). This includes the development of the roots, stem and leaves. The plant cannot
develop from one stage to another without receiving the necessary heat units (Pannar,
20024). The maize plant can be regarded as a starch factory. The plant utilizes water and
nutrients from the soil, carbon dioxide from the atmosphere and solar radiation as the
energy source to manufacture plant food of which starch is the main component. In this
process hest in the atmosphere play an essential role in determining the fina yield and
quality of the grain (Pannar, 2002a). According to Schulze et al. (1997), 1500 to
1700GDD are required for growing maize for grain, but can vary according to cultivar.



24.3 Water requirements

Production of any agricultural crop is dependent upon an available supply of water during
the growing season (Pierre et al., 1966). Each crop has a characteristic water use pattern
throughout the season which is largely determined by the stages of the development of
the plant. On the whole water use is minimal during germination and early growth of
seedling and increases during the vegetative stage and is maximum during flowering to
grain filling stage and decreases at maturity. The absolute amount is also a function of the
seasona demand pattern of the atmosphere, i.e. physical factors which cause
evapotranspiration (Pierre et al., 1966; Shaw, 1977). Maize is an efficient user of water in
terms of total dry matter production and anong cereals it is potentially the highest
yielding grain crop (Doorenbos and Kassam, 1988). For maximum production a medium
maturity grain crop requires between 500 to 800mm of water depending on the climate of
the area (Doorenbos and Kassam, 1988). According to Sprague and Dudley (1988),
maize can be grown in areas where the annual precipitation ranges from 250mm to over
5000mm. But Nield and Newman (1990) reported that, under dryland farming, maize is
generally not grown in areas receiving less than 600mm of annual precipitation. Stone et
al. (1996) reports the maximum crop water use for maize as being around 600mm.
According to studies by Du Plessis (2003) in South Africa, maize needs 450 to 600 mm
of water per season.

Water stress occurring during different development stages of maize may reduce final
grain yield to different degrees, and the extent of yield reduction depends not only on the
severity of the stress, but also on the stage of the plant development (Zaidi et al., 2003;
Cakir, 2004). Doorerbos and Kassam (1988) have reported that maize appears to be
relatively tolerant to water deficits during the vegetative and ripening periods, and that
the greatest decrease in grain yields is caused by water deficit in the soil profile during
the flowering period (Zaidi et al., 2004; Cakir, 2004). For potential yields, adequate water

should be available during the growing season (Neild and Newman, 1990).



2.4.3.1 Before planting
The influence of weather on the maize plant starts even before planting. Conditions
before planting are especialy important in determining the soil water reserves (Neild and
Newman, 1990). These can reflected from a carryover from the previous cropping season
or can be from accumulations that may occur during fallow period (Sprague and Dudley,
1988; Neild and Newman, 1990). Since evaporation rates in winter are low, precipitation
during this time may be quite efficient for increasing soil-water reserves. This is the case
with Lesotho especially over some of the high-lying areas. Early spring precipitation also
can be quite effective in increasing the reserves, although the evaporation potential also
increases as the spring progresses. The lower the soil water reserve, the greater the crop
season rainfall requirements according to Sprague and Dudley (1988), due to soil water

balance.

2.4.3.2 Planting to emer gence
A maize seed placed in a wet soil at the right temperatures starts to swell by absorbing
water (Rouanet, 1987). Adequate rainfall or water is very important during germination.
Rainfall of 25mm should normally ensure that there is sufficient water in the soil to
commence planting. At this stage, the water requirements of the crop are minimal due to
low rate of evapotranspiration(Allen et al., 1998). During emergence, while soil water

must be adequate, excess water as well as cool conditions increases growth of fungi.

2.4.3.3 Early vegetative growth
Shortly after emergence, the maize plant shifts from dependence on food stored in the
seed to that available in the soil and from photosynthesis (Sprague and Dudley, 1988;
Shaw and Newman, 1991). The water requirement improves as the crop cover increases.
Excess water in the early vegetative stages may severely injure the plans or retard early-
season root development as well as create aeration nutrition problems (Sprague and
Dudley, 1988). In contrast, noderate water stress at this stages is actually advantageous,
since such stress may encourage early-season root growth, which would prove beneficial

later if soil water supplies become limited (Shaw and Newman, 1991).



2.4.3.4 L ate vegetative growth
In the late vegetative stage, the maize plant grows rapidly and thus water requirements
increases At this stage higher evapotranspiration rate is experienced by the plant and
transpiration from the crop contributes more than the evaporation from the soil surface
since the crop cover is high (Sprague and Dudley, 1988).

2.4.3.5 Tassdling, silking and pollination

As a maize plant grows, its demand for water increases with increasing leaf area which
reaches a maximum near the tasseling stage (Neild and Newman, 1991). At this stage the
water requirements are greater than other stages and thus severe water deficits may result
in little or no grain yield due to silk drying (Dorenboos and Kassam, 1988). Denmead and
Shaw (1960) in his pot experiments showed that water stress during the silking stage
reduced yield about twice as much as when similar amounts of stress occurred during the
vegetative period. The leaf area index (LAI) also reaches the climax and therefore the
water requirement is at its highest approximately 2 weeks before to 2 weeks after
pollination. At this time the critica stage of grain development will begin (Pannar,
2002b).

2.4.3.6 Grain filling to maturity
Shaw (1977) reported that the water requirements for maize drop after the grain
formation stage and gradually decreases as the crop matures and some leaves are
senescing. Thus the LAl decreases gradually to harvest. At the physiological maturity,
the grain must dry to a harvestable moisture level. Dry weather conditions are ideal for
proper maturity and excess rainfall or wet day can severely deteriorate the yield quality
(Hoogenboom, 2000).

2.4.4 Nutrientsrequirements

Maize requires at least 13 elements from the soil for its normal growth and devel opment;
another three, Carbon, Hydrogen and Oxygen are supplied by air and water (Sprague and
Dudley, 1988). Among the 13, Nitrogen, Phosphorus and Potassum are needed in



greatest amounts and are classed as major or primary nutrients. Calcium, Magnesium,
and Sulfur are taken p in fairly large quantity and are regarded as secondary nutrients.
The remainder including Iron, Manganese, Copper, Boron, Molybdenum and Chlorine
are needed in small amounts and are classed as micronutrients (Sprague and Dudley,

1988). Maize has a high demand for nutrients shortly after germination; any shortage will
limit the growth and yield potential. Due to the small root system in the early stages of

growth the plants require nutrients close to the seed at planting. The average maize crop
(40t/ha fresh weight) will remove 160kgha of N (occasionally up to 210kg/ha) from the
soil, however applications of more than 100kg/ha are rarely necessary due to the
efficiency of maize crops at removing N stored in the soil. Nitrogen is the nutrient most
often lacking in maize production Hoeft, 1992; Floyd et al., 2002). Nitrogen may be
applied before planting, at planting time, as a side-dressing after maize has emerged, and
through an irrigation sprinkler system. Phosphate removal of the average crop of maizeis
in the region of 55kg/ha, almost 360kg/ha of Phosphorus is required along with 175kg/ha
of Potassium (K) for the average yielding crop. The assimilation of nitrogen, phosphorus
and potassium reaches a peak during flowering (Du Plessis, 2003). Magnesium will be
required at around 40kg/ha and sulfur may still be required in small quantities depending
on manure applications (Hoeft, 1992; Floyd et al., 2002). Also if manure is not applied
regularly small quantities of boron, copper, zinc, manganese and iron may be necessary
(Floyd et al., 2002). Maize is sensitive to zinc deficiency, and to some extent sulphur and
magnesium shortages (Lacey and Roe, 2001). A beneficial strategy to keep the soil

nutrients at a required level is the use of a combination of fertilizing techniques with
green manure fallow plus dable farmyard manure, or compost plus modest quantities of
chemical fertilizers (Wokabi, undated). Crop rotation, based on the inclusion of legumes,
should be included in the management practices as the system maintains soil fertility

(Wokabi, undated).

245 Soil requirements

Maize will grow on a wide range of soil types, provided they are well aerated and well

drained to allow for the maintenance of sufficient oxygen for good root growth and



activity, and enough water-holding capacity to provide adequate water throughout the
growing season (Pierre et al., 1966; Hoeft, 1992). Successful maize cultivation is
achieved on soils which are of light to medium texture but their organic status and
fertility should be high and capable of providing the nutrients needed by the crop. Maize
can be successfully cultivated on moderately acid soils and gives the range of pH 5 —8 as
optimum, but best growth is achieved in the range of pH 5.6 — 7.5 (Sprague, 1955;
Milbourn,1968). Maize does not grow well in saline soils. Although large-scale maize
production takes place on soils with a clay content of less than 10 % (sandy soils) or in
excess of 30 % (clay and clay-loam soils), the texture classes between 10 and 30 % have

air and water regimes that are optimal for healthy maize production (Du Plessis, 2003).

2.4.6 Radiation requirements

Radiation is one of the important environmental parameters in maize growth and
development, it is responsible for the formation of dry matter through photosynthesis.
The roles of radiation within maize are not limited only to photosynthesis, but, are also
necessary for photo-hormonal reactions (Hatfield, 1977). Maize is a short-day plant and
thus flowers faster under shorter days. Yield increases with an increase in available
photosynthetic active radiation (PAR) absorbed by the maize crop (Kumidini and
Tollenaar, 1998).

2.5 Geographic Information System (GIS)

Geographic Information Systems (GIS) is a discipline devoted to the acquisition, storage,
management, analysis, and visualization of spatia data in a computer environment
(Longley et a., 2001). But according to Hall (2004), GIS is “a collection of information
technology, data and procedures for collecting, storing, manipulating, analyzing, and
presenting maps and descriptive information about features that can be represented on
maps.” The unique features that distinguish GIS from other types of information systems
as (1) data of entities and relationships are managed within a spatial framework and (2)
ability to perform spatial analyses (Hall, 2004).



25.1 Spatial interpolation

GIS applications often require spatio-temporal interpolation of an input data set. Spatio-
tempora interpolation requires the estimation of the unknown values at unsampled
location-time pairs with a satisfying level of accuracy. Using measured temperature or
rainfall at the stations one could then use the spatio-temporal interpolation to estimate
these parameters at unsampled locations and times (Longley et al., 2001; Li and Revesz,
2003). In many fields, gspatia interpolation is used to evaluate physical data in a
continuous domain (Chapman and Thorns, 2002; Taylor et al., 2004). It is most
commonly applied as a precursor to isoline or contour mapping, the drawing of lines of
equal value for generation of arealistic surface between observation points (Taylor et al.,
2004). A wide range of automated procedures have been developed, differing in their
assumptiors, local or global perspective and deterministic or stochastic nature (Collins
and Bolstad, 1996; Taylor et. al., 2004). Spatial interpolation uses one principle, Tobler's
law which states “all places are related but nearby places are more related than distant
places’ (Dubois, 1997; Longley et al., 2001). There are a variety of interpolation methods
which can generate continuous surfaces starting from irregularly distributed data, but the
difficulty lies in the choice of the one that best reproduces the actual surface. Each
method has its own advantages and drawbacks, which depend strongly on the
characteristics of the set of point data: a method that fits well with some data can be
unsuited for a different set of data points, or if measured in different locations of the same
surface (Collins and Bolstad, 1996; Caruso, 1997; Taylor et al., 2004).

The gpatial interpolation of temperature and precipitation climate data is increasingly
important in the development of agricultural, hydrological, and ecological models.
Spatialy explicit modeling of ecosystem structure, for example, requires estimates of
climate variables at unsampled locations, usually on a regularly spaced grid (Skirvin et
al., 2003). In addition to those involved in temperature modeling, temperature prediction
at unsampled sites is of interest to individuas involved in fire management, resource
management, and spraying or seeding operations. High resolution estimates of spatial

variability in rainfall fields are important in solving problems for hydrologic analysis and



designs especialy for the identification of locally intense storms which could lead to
floods or flash floods (Goovaerts, 2000). According to Skirvin et al. (2003) in the
mountainous regions precipitation and temperature are strongly influenced by elevation
through orographic effects and lapse rate thus a digital elevation model (DEM) can
supply both an independent variable for climate interpolation and a convenient regularly

spaced grid.

Many researchers have evaluated various methods for interpolation of point climate data.
In several studies, geostatistical methods have been rated superior over techniques such
as Thiessen polygons, inverse distance weighting, least-squares polynomial regression,
and spline surface fitting (Collins and Bolstad, 1996; Skirvin et al., 2003). The choice of
gpatial interpolator is especially important in mountainous regions where data collection
are sparse and variables may change over short spatial scales (Collins and Bolstad, 1996).
One of the problems facing meteorologists and hydrologists studying spatial rainfall
patterns is the interpolation of data from irregularly spaced rain gauges in order to
determine mean areal rainfalls or to characterise rainfall variability within a region or
catchment (Dirks et al., 1998). Rainfall is intermittent and spatially discontinuous,
frequently with zero accumulations; for this reason the reliable spatia interpolation of
rainfall is inherently more difficult than for many other variables. Over short integration
times, interpolation may be impossible so spatial interpolation of data has potential
problems that need to be taken into consideration when dealing with this type of data
(Dirkset al., 1998).

There are two man groupings of interpolation techniques: deterministic and
geostatistical. Deterministic interpolation techniques create surfaces from measured
points, based on either the extent or similarity. Deterministic interpolation techniques can
be divided into two groups, global and local. Global techniques calculate predictions
using the entire dataset (Johnston et al., 2001). Geostatistical interpolation techniques
(e.0. Kriging) utilize the statistical and mathematical methods properties of the measured

points. Because geostatistics is based on statistics, these techniques produce not only



prediction surfaces but also error or uncertainty surfaces, giving you an indication of
accuracy of the predictions (Johnston et al., 2001).

2511 Kriging method

Kriging is an advanced interpolation procedure that generates an estimated surface from
an xy scattered set of points with z values. It is a weighted moving averaging method of
interpolation derived from regionalized variable theory, which assume that the spatial
variation of a property, known as a ‘regionalized variable', is statistically homogenous
throughout the surface (Salih et al., 2003).The Kriging estimate is known as the Best
Linear Unbiased Estimate, because it is a linear combination of the weighted sample
values, whose expected value for error equals zero and whose variance is a a minimum
(Caruso, 1997; Johnston et al., 2001). Kriging uses a semi-variogram, a measure of
gpatial correlation between two points, so the weights change according to the spatial
arrangement of the samples. The variogram then describes the weighting factors that will
be applied for the interpolation and also defines variation as a function of distance
(Nalder and Wein, 1998; Salih et al., 2003; Sakata, 2004).
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where 2(h) is the semi-variance of variable Z at separation distance h and N(h) is the
number of pairs of points in the distance interval h + ?h. Values are calculated for each
possible pair of stations and the mean vaues of the semi-variance are plotted for
successive distance intervals to produce the experimental variogram. A model variogram
is fitted to these points, and this model is used in generating an auto-covariance matrix.
Estimates for the test sites are calculated by summing weighted values for each climate
station where the weights are determined so that the estimation variance is minimized
(Nader and Wein, 1998; Goovaerts, 2000).

25.1.2 Inversedistance weighting (IDW)
Inverse distance weighting (IDW) is a deterministic estimation method where values at
unsampled points are determined by a linear combination of values at known sampled

points (Collins and Bolstad, 1996). It employs the Tobler Law by estimating unknown



measurements as weighted averages over the known measurements at nearby points,
giving the greatest weight to the nearest points (Collins and Bolstad, 1996; Longley et al
2001; Johnston et al., 2001). More specifically, IDW assumes that each measured point
has a local influence that diminishes with distance (Li and Revesz, 2003). Weights
change according to the linear distance of the samples from the unsampled point. The
gpatial arrangement of the samples does not affect the weights (Collins and Bolstad,
1996). The weighting function is the inverse square of the distance, so that the predicted
value for agiteis given by (Li and Revesz, 2003):
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where w(Xx,y) is the predicted value at location (X,y), N is the number of nearest known
points surrounding (x,y), ? are the weights assigned to each known point value w at
location (%,Yi), d are the Euclidean distances between each (x,y;) and (x,y), and p=2 is
the exponent, which influences the weighting of w on w (Johnston et al., 2001). If it is
used to determine w at a location where w has aready been measured it will return the
measured value, because the weight assigned to a point at zero distance is infinite, and for
this reason IDW is described as an exact method of interpolation because its interpolated

results honor the data points exactly (Longley et al., 2001).

Compared with other methods like Kriging and Spline, the IDW method is ssmpler to
program and does not require pre-modeling assumption in selecting a semi-variogram
model (Johnston et. al., 2001; Longley et al., 2001; Mebrhatu, 2003). But because IDW
is an average it aways return a value that is between the limits of the measured valuesii.e.
no point in the interpolated surface that is more than the largest measured value or less
than the smallest value (Longley et al., 2001). In other words it does not notice the trend
where one exist and thusiit is not ideal to use it withthe surfaces like elevation which has
peaks and pits.



25.1.3 SplineMethod

Spline interpolation consists of the approximation of a function by means of series of
polynomials over adjacent intervals with continuous derivatives at the end-point of the
intervals. Spline is a form of radia basic functions (RBF). RBF methods are a series of
exact interpolation techniques; that is, the surface must go through each measured sample
value (Johnston et al., 2001). RBFs are conceptually similar to fitting a rubber membrane
through the measured sample values while minimizing the total curvature of the surface
(Hutchinson, 1995; Mebrhatu, 2003). Many researchers (Hutchinson, 1995; Guenni,
1997; Price et al., 2000: Boer et al., 2001) used the thin plate smoothing spline method in
the interpolation of climate related data.

In the next chapter the filling or patching of meteorological data will be discussed at full
length as it is important to fill the gaps in the meteorological datasets before
climatological anaysis is done. Temperature and rainfall parameters are the main
meteorological datasets being used for describing agro-climatology of Lesotho and

further identifying  potential areas for dryland maize  production.



Chapter 3 —Patching of the Missing M eteor ological Data

3.1 Introduction

Data records which are collected over a long period of time will contain gaps and the
number of gaps in the records usually increases with increase in the length of the dataset.
This is certainly the case with most rainfal data in Africa (Makhuvha et al., 1997). LMS
climatological datais no exception. The frequency of gaps in the climate data for Lesotho
makes it difficult to make sound conclusions since some of the important climatological
events maybe missed. Several circumstances contribute to the prevalence missing data,
for example loss of records, vandalism, instrument malfunction or failure of the observer

to make the necessary vist to the raingauge (Tang et al., 1996; Makhuvha et al., 1997).

Whatever the reasons for their occurrence, gaps in climatological data are problematic in
a number of ways. Hydrologists and engineers require complete rainfall records for the
purpose of planning and design (Makhuvha, et al., 1997) and cmmplete and accurate
climate data is a prerequisite for the efficient modelling of a wide variety of
environmental processes (see, Jeffrey et al., 2001; Xia et al., 2001). Missing data makes
it difficult for the agronomists to estimate crop yield using crop models. Other
applications in which gaps in rainfall records are inconvenient include the estimation of
drought risk and severity and the estimation of the frequencies and severity of storms
(Makhuvha, et al., 1997). Three common approaches often used in treating the missing
gaps are: (a) using only continuous records and ignoring the prior events and (b) ignoring
the missing gaps based on the assumption that the data is ore continuous series of records
(Tang et al., 1996) or (c) data patching. The main disadvantage to the former approach is
wasting valuable and previous information and true statistical inferences cannot be made
whereas the second approach will shrink the period of recorded events available for
analysis, thus over or under-estimating the likelihood of occurrence of maor events
(Tang et al., 1996).



Estimation of missing values in climatological time series is an important task (Xiaet al.,
1999). There are several methods that can be used to estimate the missing values. Simple
methods in common use include the replacement of missing values at the target site by
(Makhuvhaet al., 1997):

(1) Concurrent values at a neighbouring site.

(2) The average amount at the target site i.e. not using information from the

neighbouring sites.

(3) The average of the concurrent values at a small number (usually 3 or 4) of the

neighbouring sites.
These three procedures are special cases of linear regression methods in which the
missing values at a target site are estimated as a linear combination of the concurrent
values at respectively, one, none or several neighbouring sites (Makhuvha et al., 1997).
The best methods of estimating missing data will, in general, depend upon the statistical
properties of the data. In climatology, the two most important factors are the inter-
correlations in the station network and the seasonal variations in the relations between the
stations (Xiaet al., 1999).

The problem of missing datais not new in Lesotho, researchers (Hyden, 1996; Jayamaha,
1979; Wilken, 1978) in the past also experienced the same problem. Hyden (1996) in his
book ‘Meteorological Droughts and Rainfall Variability in the Lesotho Lowlands used
nearby South African statiors to fill the missing data with a nearest station method to fill
the gaps at some stations. The specific stations he used were as follows. Fouriesburg
records were used to fill gaps in Butha Buthe records, Ficksburg for Leribe, Ladybrand
for Maseru, Wepener for Mafeteng and Zastron for Mohale’'s Hoek (Hyden, 1996).



3.2 Methods of Patching Data

3.2.1 Absenceof concurrent records

3.2.1.1 Theuse of the mean value
When only a sample series with missing values is available and no related data from
other stations exist, an easy approach is to insert a long period mean value into the
missing gap (Tang et al., 1996). However, this estimation method is not advisable as the

variance of the series will reduce significantly (Tang et al., 1996).

3.2.2 Presence of concurrent records

3.2.2.1 Theclosest station method (CSM)
The CSM is asimple method. Firstly, usually the closest station is identified, and then the
data at a specific site would be replaced with data from the closest station for that specific
day. In some studies the observations from this station were adjusted by the ratio of the
long-term means between the 2 stations for precipitation and/or by a constant lapse rate
(0.65°C/100 m) for air temperatures (Xia et al., 2001).

3.2.2.2 Simple arithmetic averaging (AA)
This is one of the simplest methods which are commonly used to fill the missing datain
meteorology and climatology. The missing data are obtained by arithmetically averaging
data of the two to five closest weather stations around a station (Tang et al., 1996; Xia et
al., 1999). For example, the arithmetic mean method is proposed for areas where station
to station variation of the average rainfall issmall ( < 10%) (Tang et al., 1996).



3.2.2.3 Inverse Distance (I1D)

The inverse distance method is used to estimate missing data because of its smplicity.

[o]
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Where y; is the estimated value of the missing data, X' is the value of the ith nearest
weather station, and D; is the distance between the station of missing dataset and the ith
nearest weather station (Tang et al., 1996; Xia et al., 1999).

3.2.2.4 Normal Ratio (NR)
The norma ratio method of spatial interpolation was first proposed by Paulhus and
Kobler, 1952 (see Xia et al., 1999). The estimated data are considered as a combination

of variables with different weights, i.e.
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where V, is the estimated value, W is weight of the ith nearest weather station and V; is

the observational data of the ith nearest weather station. Weights for the surrounding
stations used in the estimation algorithm are calculated according to (Xia et al., 1999;
Tang et al., 1996):
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where 1 is the correlation coefficient between the target station and the ith surrounding
station, n is the number of points used to derive the correlation coefficient, and Wi is the
resultant weight. It has been proven to perform well for monthly and annual rainfall

datasets (Tang et al., 1996).



3.2.2.5 Single best estimator (SIB)
The single best estimator is simple and analogous to using the CSM as an estimate for a
target station. Target station conditions are estimated using data from the neighboring
station that has the highest positive correlation with the target station (Xia et al., 1999).

3.2.2.6 Multiple Regression (MR)
The multiple regression analysis is a traditional interpolation approach (Xia et al., 1999;
Makhuvha et al., 1997). The stepwise regression is used to select the best variable that
can be included into the regression model. The station with missing values has been
assigned as the dependent variable (Tang et al., 1996). Missing data (Vo) were estimated

as.
V,=a,+g (av)
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where ag, ay, ..., an are regression coefficients. v; is the value at ith weather station.

3.2.2.7 UK traditional method (UK)

The method traditionally used by the UK Meteorological Office to estimate missing
temperature and sunshine data was based on comparisons with a single neighbouring
station. For temperature, a constant difference between stations was assumed. Thus, if the
January temperature at Station A was 0.1°C above that at Station B averaged over a
period of overlapping records, then 0.1°C was added to the values at Station B to give the
estimated values at Station A (Xiaet al., 1999). These differences had to be calculated for
each pair of stations before using the method.

3.2.3 Methodsused in patching the L esotho meteorological data

All the LMS stations had missing data and in this study the simple and yet reasonably
sound technique of patching the missing meteorological data was used. The ssimple but
yet more or less reasonable method for estimating the daily rainfall and temperature
depending on the overall characteristics of the climate of the country and results
determined from past studies by Tang et.al. (1996) and Xia et al. (1999). The method



used for patching daily rainfall values was the inverse distance interpolation (ID). This
method was chosen for its ssmplicity and reasonable score from the past research. Results
by Xia et al. (1999) show that the inverse distance interpolation method of estimating
daily precipitation gave less deviation from the actual data followed by the arithmetic
averaging and norma ratio methods. While the daily maximum and minimum
temperatures were patched using the UK method, which according to Xia et al. (1999)
results gave nore accurate estimates. The UK method was chosen because it indirectly

incorporates the difference in the altitude and local effects.

In this study, ID method used in the estimation of daily rainfall was modified in that, the
ratio of the long-term rainfall between the stations were used as multipiers where there
was a large difference (less than 0.9 or greater than 1.1) in monthly or annual
precipitation between neighbouring stations. According to Buckle (1996), in mountainous
regions rainfall varies significantly within a small distance, caused by both the orographic
and rainshadow effect. The orographic effect occurs on the windward side of the
mountain where precipitation increases moving up the mountain while on the leeward
side of the mountain precipitation is reduced. The ID method was modified because of
the fact that some close stations might have large difference in rainfall amounts because
of the topographic nature of the country of Lesotho. The adjustment gave good estimation
than the normal 1D method for all the stations where long-term mean rainfall of the

estimated site is quite different from that of the neighboring station.

In using the UK method, the monthly differences are used instead of daily differences
because of the great variation in daily temperature compared to an averaged monthly
temperature. Thus if on average the monthly temperature of station say E is 0.2°C greater
than say station F then their daily values difference should be in the neighborhood of that
value (0.2°C) since the cause of difference in daily temperature within a period of a
month is more or less the same owing to the climatology of an area. Therefore this
traditional UK method was used in the estimation of missing daily maximum and

minimum temperature readings. The method usually uses one neighbouring station but in



this study 2 to 5 nearest stations with concurrent data were used. The reasons for the
adjustment being as follows-

1) The average of more than one station resulted in estimated values which had less
deviation from the actual data

2) The neighbouring stations also had missing values, thus some other stations will
help in filling the gaps when one or other stations had gaps

3) There is too much “human’ error in the measurements of temperatures especially
in the climate stations in the rura areas where the observers had little training in
meteorological measurements. Some observations had clearly showed that
observers have a problem in the winter months, especially where the minimum
values go below zero.

4) The station network with temperature measuring instruments is very sparse and
thus the nearest station at times will be a great distance away (over 30 km). Due
to the high gradient in topographical changes more than one station in the
estimation will tend to eliminate the local effects.

3.3 Statistical Evaluation

The methods of evaluation of smulation models is not well established because many of
them result to different conclusions thus making it difficult for the researcher to conclude
on the accuracy of model used in the predictions (Yang et al., 2000). There are many
tests to signify the similarity between two distributions. These may be parametric tests
and norparametric tests (such as rank-sum test, Kolmogorov-Smirnov (KS) test, etc.). In
the parametric tests, the parameters such as mean and variance of the two distributions to
be compared play important roles whereas in the nonparametric tests, the empirical
cumulative distributions functions (ECDFs) are compared which is calculated by
arranging the data in ascending order. The KS test is a nonparametric and distribution
free goodness-fit-test (Kar and Mohanty, 2004). It is important to include absolute error
measures (such as mean absolute error (MAE) and root mean square error (RMSE)) in a
model evaluation because they provide an estimate of model error in the units of the
variable (Quiring and Papakryiakou, 2003).



3.3.1 Kolmogorov- Smirnov (KS) Test

The Kolmogorov-Smirnov test (KS-test) determines if two datasets differ significantly
(CSBSJ, undated). The Kolmogorow-Smirnov (KS) test statistic Dmax, IS defined by
(Wang et al., 2004)

D = max{IF (%) - GOOMF(%) - Gx)}

Dmax mMeasures the maximum deviation between the hypothesized cumulative distribution
function (CDF) and the empirical CDF at the same observation point or among a pair of
consecutive observation points (Wang et al., 2004). The KS test is used which tests the
statistical similarity between the distribution of two samples (Kar and Monhanty, 2004).
Dmax vValue and corresponding ? value (probability value) has been considered for
decision-making. The ? value means probability value that denotes the significance level
(and hence confidence level) for which the critical values of Dmax Need not be calculated
(Kar and Monhanty, 2004). The null hypothesis here is that both the datasets (measured
data and estimated data) have the same population or they are statisticaly similar (Kar
and Monhanty, 2004). The low ? value regjects the null hypothesis that the datasets
compared are statistically similar thus the two-distribution functions are different if the
maximum vertical distance Dmax between them exceeds the critical value for a given level
of significance chosen as 0.05 (Mebrhatu, 2003; Kar and Mohanty, 2004; Wang et al.,
2004). Thus when the Dyax is less than the ? value then the two datasets are statistically

smilar.
3.3.2 Mean absoluteerror (MAE)

The MAE is an error measure used to represent the average differences between model
predicted (P) and observed (©O) values. The MAE provides a more robust measure of
average model error than the RMSE, since it is not influenced by extreme outliers
(Willmott, 1982; Quiring and Papakryiakou 2003). The mean absolute error is calculated
using the equation:-

MAE=| P- O]



34 Testing of Patching M ethods

Five stations were chosen across the country to verify the accuracy of the methods used
to patch the missing daily data, including tree stations from the lowlands and two
stations from the highlands. The period of 1980 to 2003 was chosen for this exercise.
This period was chosen kecause of the minimal gaps in meteorological data. The five
station used are Moshoeshoe |, Leribe, Mohale's Hoek, Qacha s Nek and Mokhotlong
(Table 3.1). For each stations, daily maximum and minimum temperature values were
generated for the whole period using the UK method while the daily rainfall values were
generated using the ID method with data from 1980 to 2003.

Neighbouring stations within 50km radius were selected and given priority. But since the
distribution of the stations with air temperature doservations is sparse, in some cases
especially over the highlands the stations within 75km radius were also considered. Two
to five nearest stations with adequate data were selected for the purpose of generating a
daily estimate value for that particular station. Table 3.2 to 3.6 shows which stations are
used for estimating maximum and minimum daily values for each station while Table 3.9
shows stations used for estimating daily rainfall. Note that the stations used in the
estimation of rainfall and temperatures are dightly different, due to the fact that there are
more rainfall stations in the country than climate stations (with temperature

measurements).

The statistical characteristics of the generated and measured values were then compared
(Appendix 1, 2 and 3) and the KS test was used in testing whether the two datasets (the
generated monthly values and measured monthly values) belong to the same population.
Also the average of the annual mean absolute error for the daily minimum temperatures,
daily maximum temperatures and daily rainfall were calculated. Note that the statistical
results given in this chapter are only from the data starting from 1980 to 2003, but the
method used (coefficients and neighbouring stations) in patching in the demonstration is
the same as in the actual patching of the missing data and aso the patching of other

stations not shown in this chapter followed the same procedure.



Table 3.1 Geographical coordinatesand altitude of the stationsused to test the patching methods.

I dentification Latitude L ongitude Altitude (m)
Leribe 28.88 S 28.05 E 1740
M ohal€e's Hoek 30.15S 27147 E 1620
M okhotlong 29.28 S 29.07 E 2230
M oshoeshoe | 2945 S 2757E 1628
Qacha’s Nek 30.12S 28.70 E 1970

3.4.1 Generation of maximum and minimum temper atures

3.4.1.1 Methodology
The monthly averages of both maximum and minimum temperatures were determined
using the Instat+ and Microsoft Excel programs. The differences in the monthly means of
two stations were calculated for each year and averaged over the whole period of the
dataset. This averaged differences forms the basis of the patching of data with the UK
method by giving a disagreement factor that needs to be added to the station monthly
temperature to estimate the missing data point. If more than one station is used in the
estimation, an average of these estimates is used to give the fina estimate for the missing

data point. The results for each of the five stations are shown in Table 3.2 to 3.6.

Table 3.2 Station disagreement factor for estimation of Leribe minmum and maximum
temper atur es from each of the adjacent stations per month

Minimum Temper atur e disagr eement factor Maximum Temperatur e disagr eement
(°C) factor (°C)

Butha - Butha -

Teyateyaneng Pitseng | Mapoteng Buthe M aputsoe Pitseng | Mapoteng Buthe
January -1.2 -0.1 0.5 -1.7 -0.2 1.1 -0.6 0.8
February -1.0 0.2 0.5 -1.7 0.1 0.7 -0.9 0.5
March -1.6 0.2 -0.1 -2.4 -0.8 -0.5 -0.3 -0.3
April -2.8 -0.1 -0.8 -3.0 0.1 0.6 -1.1 -1.6
May -3.1 -1.1 -1.8 -4.2 0.2 0.6 -1.2 -0.1
June -4.2 -3.2 -1.6 -4.5 -0.3 0.5 -0.4 -0.7
July -1.6 -4.0 -2.1 -4.6 0.1 0.6 -0.8 -0.1
August -4.9 -2.4 -2.1 4.1 0.3 04 -1.4 0.1
September -2.3 -0.7 -1.4 -3.4 0.1 0.7 -1.1 0.2
October -1.8 0 -0.2 -2.4 -0.1 0.8 -0.5 0.4
November -1.3 -0.5 04 -1.9 -0.2 0.8 -0.8 0.5
December -1.1 -0.5 -0.3 -1.7 -0.2 1.1 -0.4 0.8
Average -2.2 -1.0 -0.8 -3.0 -0.1 0.6 -0.8 0.1
Std Dev. 1.3 1.4 1.0 1.1 0.3 04 04 0.7

In Table 3.2, Teyateyaneng station was used instead for minimum temperatures of

Maputsoe (nearer station), which is used in the estimation of maximum temperatures




because of the many errors in the minimum temperatures recorded at Maputsoe station

especially during the winter months.

Table 3.3 Station disagreement factor

for

estimation of Mohae's Hoek Station minimum
temperature and maximum temper atur es from each of the adjacent stations per month

Minimum Temper atur e disagreement

Maximum Temperature disagreement factor

factor (°C) (°C)
Thabana Thabana
Quthing | Nohana | Morena | Paul VI | Quthing | Nohana | Morena | Mafeteng
January -0.6 0.0 -1.3 -1.2 0.7 15 1.7 0.9
February -0.3 0.3 -1.5 -0.5 10 0.9 1.8 10
March -0.4 0.0 -1.7 -1.4 1.2 0.7 1.3 0.9
April -0.6 0.1 -2.5 -2.3 0.9 0.4 10 0.6
May -1.1 -0.5 -2.9 -2.9 15 0.8 1.1 10
June -1.4 -1.2 -3.9 -2.9 1.2 0.5 0.5 10
July -0.8 -0.7 -2.0 -2.8 0.6 0.2 1.1 10
August -1.0 -0.7 -2.6 -2.8 0.9 0.6 0.9 0.8
September -0.9 0.0 -2.0 -2.2 0.9 0.9 0.8 0.5
October -0.7 -0.2 -1.5 -1.7 0.8 0.8 1.2 0.7
November 0.5 -0.8 -1.0 -1.4 0.9 0.9 1.3 0.8
December -0.4 -1.1 -1.5 -1.1 0.6 0.8 15 0.9
Average 0.1 -2.0 -1.9 -0.4 0.9 0.8 1.2 0.8
Std Dev. 0.6 0.8 0.8 0.5 0.3 0.3 0.4 0.2

Table 3.4 Station disagreement factor for estimation of Mokhotlong minimum and maximum

temperatures from each of the adjacent stations per month

Minimum Temper ature disagreement factor

Maximum Temperature disagreement factor

Q) (<)
Letseng St St Malefiloan | Lets'eng St
M alefiloane la Terai James | Matins e la Terai James | St Matins
January 3.5 45 0.8 2.1 4.0 6.1 0.4 2.9
February 3.8 3.8 0.5 2.0 4.3 8.1 0.3 2.7
March 3.4 3.4 0.1 1.2 3.4 8.2 -0.1 1.3
April 2.1 1.9 -0.6 0.4 3.2 7.7 -0.1 2.3
May 0.3 2.0 -0.4 -0.8 2.9 7.6 -0.1 1.4
June 1.1 1.3 -0.7 -1.2 25 6.6 -0.1 1.3
July 0.3 -3.2 -0.9 -1.1 2.4 7.0 0.1 1.0
August 1.1 -0.6 -1.0 -0.7 3.2 8.0 0.4 2.5
September 0.8 2.3 0.3 0.7 3.2 7.8 0.6 2.1
October 2.0 6.2 0.9 1.3 3.4 8.2 0.4 2.0
November 2.0 4.6 0.6 1.4 3.7 8.6 0.4 2.4
December 2.0 2.2 0.3 1.3 4.0 8.3 0.5 2.3
Average 1.9 2.4 0.0 0.5 3.3 7.7 0.2 2.0
Std Dev. 1.2 25 0.7 1.2 0.6 0.8 0.3 0.6




Table 3.5 Station disagreement factor for estimation of Maoshoeshoe | minmum and maximum

temper atures from each of the adjacent stations per month

Minimum Temper ature disagreement factor

Maximum Temper ature disagreement factor

(°C) ¢S
Thaba Thaba
Roma Bosiu Mejametalana Matela Roma Bosiu Meametalana | Matela

January 0.5 0.0 0.0 1.3 0.5 -1.4 -0.9 0.8
February 0.8 0.2 0.1 17 0.3 -1.1 -1.0 0.9
March 0.6 0.0 0.3 15 -0.3 -1.1 -1.0 0.4
April -0.1 0.3 0.1 0.7 0.2 -1 -1.0 1.2
May 0.3 -0.5 0.2 -0.5 -0.4 -1 -1.1 0.9
June -1.1 0.8 15 -0.8 -0.3 -1.2 -1.2 0.0
July 0.2 -0.5 0.8 -0.4 -0.4 -1.2 -1.2 0.0
August -0.5 -0.1 1.1 0 0.3 -1.7 -1.2 0.7
September -0.3 0.3 0.9 0.4 0.2 -0.4 -0.9 0.5
October 0.3 0.3 0.5 12 0 -0.1 -0.8 0.3
November 0.3 0.2 0.2 1.1 0.4 -1 -0.9 0.7
December 0.3 0.5 0.2 1.2 0.4 -1.9 -1.1 0.8
Average 0.1 0.1 0.5 0.6 0.1 -1.1 -1.0 0.6
Std Dev 0.5 0.4 0.5 0.9 0.3 0.5 0.1 0.4

Table 3.6 Station disagreement factor for estimation of Qacha’'s Nek minimum and maximum

temper atur es from each of the adjacent stations per month

Minimum Temperatur e disagr eement factor

Maximum Temperature disagreement factor

°C) (<)
Sehlabathebe Mokhotlong Sehlabathebe Mokhotlong
January 4.6 1.4 4.1 0.0
February 4.2 1.7 3.4 -0.8
March 4.4 2.2 2.5 -0.3
April 3.8 3.2 3.7 0.2
May 4.0 4.2 3.1 0.7
June 4.3 5.0 2.3 0.2
July 4.0 52 3.0 0.3
August 3.8 4.0 31 0.3
September 4.0 2.8 3.9 -0.1
October 4.3 1.6 3.4 -0.3
November 4.1 1.9 3.7 -0.2
December 4.4 1.9 4.3 0.0
Average 4.2 2.9 3.4 0.0
Std Dev 0.3 14 0.6 0.4

For example- Let a = missing daily minimum temperatures at Qacha's Nek station in

January, b = concurrent daily minimum temperature at Sehlabathebe station and ¢ =

concurrent daily minimum temperature at Mokhotlong. Then, using the values given in

table 3.6, the equation for estimating daily minimum temperatures at Qacha’ s Nek station




will be a = [(b+4.6)+(c+1.4)]/2. This method was applied to al the stations with their

own disagreement factor.

3.4.1.2 Resultsand Discussion

Appendix 1 shows the descriptive statistics (median, mean, skewness, 10", 20", 80" and
90™ percentile) of both the actual and generated monthly minimum temperatures. As seen
from those tables the generated monthly minimum temperatures are more or less similar
to the measured monthly minimum since the mean, median, 10", 20", 80" and 90"
percentile have deviations of less than 1°C with very few exceptions. Also both the
measured and generated values skewness has fairly similar orientation. The statistical
evaluation was done using the KolmogorowSmirnov (KS) test (Table 3.7). The monthly
values from all the stations show that the distribution of the monthly minimum
temperatures of the actual and generated values is smilar as evidenced by the D-statistic
which is smaller than the critical value (?). All the values were calculated with the 95%
confidence interval. The mean absolute error (MAE) for each of the stations is less than
1.8°C with the minimum value of 1°C at Moshoeshoe | station (Fig. 3.1).

Appendix 2 shows the descriptive statistics (median, Mean, skewness, 10", 20", 80" and
90™ percentile) of the actual and generated monthly maximum temperatures. The values
obtained from the estimating equations are a good representation of the measured
monthly maximum temperatures. The deviations from the actual or measured values are
also less than 1°C. The statistical evaluation was done using the Kolmogorow-Smirnov
(KS) test (Table 3.8). With the 95% confidence interval, the calculated D-statistic is less
than the critical value for al the months showing that the generated and measured values
don't differ significantly. The MAE for dailly maximum temperatures for all the stations
is less than 1.6°C and the minimum of 0.8°C is observed at Moshoeshoe | station (Fig.
3.1).



Table 3.7 Kolmogorov — Smirnov (KS) test for estimation of monthly mnimum temperatures at the
five chosen stations (Dmax = Maximum vertical distance between the hypothesized cumulative
distribution function (CDF) and the empirical CDF and ? = Probability value that denotes the
significance level)

L ocation Leribe Mohale sHoek | Mokhotlong M oshoeshoe | Qacha’s Nek
Dmax | ? Dmax | ? Dmax | ? Drnax ? Dmax | ?
January 018 | 082 0.17 0.95 0.26 0.36 0.24 0.67 0.27 0.33
February 014 | 098 0.19 091 0.24 0.53 0.18 0.93 0.25 0.50
March 014 | 098 0.16 0.96 0.22 0.59 0.18 0.93 0.25 0.63
April 017 | 084 0.18 0.93 0.18 0.82 0.18 0.93 0.21 0.74
May 013 | 0.98 0.17 0.99 0.23 0.56 0.13 0.98 0.23 0.56
June 026 | 036 0.26 0.46 0.29 0.30 0.31 0.35 0.27 0.33
July 026 | 036 0.19 091 0.27 0.33 0.27 0.59 0.21 0.74
August 021 | 062 0.20 0.89 0.17 0.86 0.19 0.91 0.14 0.97
September | 0.14 | 0.98 0.23 0.83 0.26 0.36 0.13 0.98 0.15 0.97
October 017 | 084 0.13 1.00 0.23 0.56 0.13 1.00 0.16 0.96
November 017 | 084 0.12 1.00 0.29 0.30 0.18 0.93 0.22 0.59
December 017 | 086 0.13 1.00 0.25 0.39 0.18 0.93 0.26 0.46
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Fig 3.1 Average mean absolute error for daily minimum and maximum temperatures



Table 3.8 Kolmogorov — Smirnov (KS) test for estimation of monthly maximum Temperatures at

the five chosen stations (Dmax = Maximum vertical distance between the hypothesized cumulative
distribution function (CDF) and the empirical CDF and ? = Probability value that denotes the
significance level)

Leribe Mohale' s Hoek M okhotlong M oshoeshoe | Qacha’s Nek

Drmax ? Drmax ? Drmax ? Drmax ? Drmax ?

January 0.19 0.80 0.13 0.98 0.13 0.99 0.24 0.67 014 [ 0.98

February 0.18 0.82 0.19 0.80 0.22 0.59 0.24 0.67 016 [ 0.96

March 0.23 0.56 0.15 0.97 021 0.62 0.18 0.93 026 [ 0.46
April 0.19 0.80 0.29 0.30 0.18 0.82 0.24 0.67 014 [ 0.98
May 0.24 0.53 0.22 0.71 0.22 0.59 0.20 0.93 017 [ 084
June 0.23 0.56 0.25 0.50 0.27 0.33 0.25 0.63 0.17 [ 0.86
July 0.22 0.59 0.20 0.77 0.26 0.36 0.21 0.86 019 [ 0.80
August 0.21 0.62 0.25 0.50 0.25 0.39 0.25 0.63 029 [ 0.30
September | 0.15 0.97 0.21 0.74 0.17 0.84 0.20 0.89 014 | 097
October 0.18 0.84 0.22 0.71 0.13 0.98 0.19 0.91 025 [ 050

November 0.26 0.36 0.16 0.96 0.17 0.84 0.18 0.93 009 [ 100

December 0.25 0.39 0.16 0.96 021 0.62 0.18 0.93 011 {100

3.4.2 Generation of rainfall values

3.4.2.1 Methodology

The two to five closest stations within the 50km buffer zone were used to predict the
daily rainfall for that particular station. The inverse distance method (ID) was used for
the estimation of daily precipitation. The monthly rainfall values were determined using
Instat+ and Microsoft Excel programs. The ratio of the longterm average monthly/
annua rainfall was determined for each of the stations. These ratios were used as
coefficients of rainfall values at that particular neighbouring station in the estimation of
daily rainfall. As seen from Table 3.9, the monthly and annua rainfall for both Leribe
and Moshoeshoe | stations did not show much deviation from the neighbouring stations
while Mohale's Hoek, Mokhotlong and Qacha’'s Nek showed greater variation in the
monthly and annual rainfall totals (Table 3.9). Thus the traditional 1D method was used
for Moshoeshoe | and Leribe station whereas in Mohale's Hoek, Mokhotlong and
Qacha's Nek the ID method was adjusted by the ratios. For example- Let a = missing
daily rainfal at Qacha s Nek, b = concurent rainfall at Tsoelike, ¢ = concurent rainfall at
Rapase, d = concurent rainfall at Whitehill, e = concurent rainfall at Ramats eliso thus
using the values given in table 3.9, the equation for estimating rainfall at Qacha's Nek
station if al the stations have daily values at that particular day will be



a = (1.5b/11.6+ 1.4c/16.2+1.3d/22.2+1.5e/23.7)/4. Far away dStations like that of

Sehlabathebe are used in cases when most of the concurent rainfall data for nearer

stations are al'so missing.

Table 3.9 Leribe, Mohale’'s Hoek, Mokhotlong, Moshoeshoe | and Qacha’'s Nek neighbouring stations
distance and rainfall ratio used for 1D method of estimation of daily rainfall missing values

Leribe Mohale's Hoek M okhotlong
Stations Dist. Ratio | Stations Dist. | Ratio | Stations Dist. | Ratio
(km) (km) (km)
Qogolosing 9.7 1.0 | Maphutseng 7.6 1.1 | StJames 6.4 14
M aputsoe 115 1.0 [ Paul VI 22 1.3 | Libibing 6.7 0.7
M apoteng 17.8 1.0 | Mt Carmel 20.1 1.2 | Malefiloane | 15.6 1.0
Thabana 25 1.1 | Lelingoana | 195 11
Pitseng 17.9 1.0 | Morena
Butha Buthe 234 1.0 | Seaka 28.0 14 | S Martins 30.7 0.8
Mafeteng 42.6 10 | Letseng la| 41.2 0.9
Teyateyaneng 41.0 1.0 Teral
Quthing 38.2 0.8 | Paray 49.9 1.3
M oshoeshoe | Qacha’s Nek
Stations Dist. Ratio | Stations Dist. Ratio
(km) (km)
M azenod 4.0 1.0 [ Tsoelike 11.6 15
Thaba Khupa 7.4 0.9 | Rapase 16.2 14
Bots abelo 10.5 0.9 | Whitehill 22.2 1.3
Thaba Bosiu 14.8 1.0 [ Ramats'eliso 23.7 15
Roma 16.2 1.1 [ Sehlabathebe 43.9 1.1
Tsilo 17.2 0.9
M ejametalana 17.9 0.9

3.4.2.2 Resultsand Discussion
The statistical parameters (mean, median, skewness, kurtosis, 10", 20", 80" and 90"

percentile) are represented for al the five stations (see Appendix 3). Almost al the

parameters compare well and thus the generated daily rainfall is a good match for the

observed daily rainfall. The results also show that, monthly rainfall to be positively-

skewed with the observed value more or less similar to the generated values with few

exceptions. Looking at Mohales Hoek statistics (Appendix 3.2) for October, November

and December, the 90™" percentile values show a great difference even though the median,

mean values and the other statistics have less difference when compared to the generated

values.




Table 3.10 shows the result of the KS test at 95% confidence interval for mean monthly
rainfall total. In all the months with the exception of July, the D-statistic is less than the ?
value for the stations Leribe, Mokhotlong and Mohae's Hoek While the results of
Qacha’s Nek show April to be the only month in which the D-statistic is more than the ?-
value. The high D-tatistic indicates that the two datasets (measured and generated) are
not statistically similar. During the months of April to August the country receives low
amount of rainfall and thus small differences in the values becomes dstatistically
gignificant. For example, in July the measured median and mean monthly rainfall are
3.9mm and 10.8 mm respectively in Mohale’s Hoek while the generated median and
mean values are 3mm and 9mm. Also looking at the mean and median values at these
months, there are high deviations between the measured and generated values.
Moshoeshoe | station has all the months with D-statistic being less than ? value implying
a good representation of the measured rainfall values. Fig 3.3 shows that the MAE for

daily rainfall is small with the maximum of 2.1mm obtained at Qacha’s Nek.

Table 3.10 Kolmogorov — Smirnov (KS) st for monthly rainfall totals at the five chosen stations
(Dmax = Maximum vertical distance between the hypothesized cumulative distribution function (CDF)
and the empirical CDF and ? = Probability value that denotesthe significance level)

Qacha’s Nek Mokhotlong Mohale's Hoek M oshoeshoe | Leribe

Dmax | ? Dmax | ? Dmax ? Dmax ? Dmax ?
January 0.17 0.84 0.21 0.62 0.27 0.33 0.22 0.71 0.15 0.97
February 0.14 0.98 0.27 0.33 0.18 0.82 0.18 0.93 0.24 0.53
March 0.14 0.98 0.17 0.86 0.25 0.50 0.18 0.93 0.17 0.86
April 0.32 0.18 0.17 0.84 0.14 0.98 0.12 1.00 0.14 0.98
May 0.17 0.86 0.25 0.39 0.29 0.30 0.11 1.00 0.24 0.53
June 0.17 0.86 0.13 0.99 0.19 0.80 0.22 0.71 0.17 0.84
July 0.17 0.84 0.30 0.20 0.30 0.28 0.11 1.00 0.43 0.03
August 0.14 0.98 0.14 0.98 0.15 0.97 0.11 1.00 0.18 0.82
September 0.14 0.97 0.29 0.30 0.17 0.86 0.12 1.00 0.15 0.97
October 0.15 0.97 0.21 0.62 0.22 0.59 0.11 1.00 0.19 0.80
November 0.23 0.56 0.18 0.82 0.18 0.82 0.17 0.95 0.23 0.56
December 0.16 0.96 0.23 0.56 0.19 0.80 0.17 0.95 0.18 0.82
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35 Conclusions

The generation of weather data to use for patching of missing data in the climatol ogical
data record of Lesotho had been done using two different methods for the elements of
temperature and rainfall. The daily maximum and minimum temperatures were filled
using the modified UK method which showed little deviation from the measured data as
shown by the KS tests in which the D-statistic was always less than the critical value (?-
value). Other statistical parameters showed a good match. The MAE also showed on the
whole values that were less than 1.8°C and 1.6°C for daily minimum and maximum
temperatures. On average the maximum temperatures estimation was better than the
minimum value estimations. Thus the linear equations used for the estimation of the daily
maximum and minimum temperatures from the neighbouring stations data are reliable for
patching the missing daily figures to a certain extent. This method was used for all
stations in this study.

The inverse distance (ID) method used to estimate the daily rainfall resulted in fairly
good result taking into consideration the spatial variability of rainfall. There was one

month, namely July, a some stations which showed considerable difference in the



measured and generated values, but overall the two datasets do not differ significantly.
During the months when there is lack of match between the measured and generated
values, the long-term values are very low and thus small deviations become statistically
significant. One can conclude that the Inverse Distance method can be used in the
estimation of the daily rainfall however, further investigations are needed to improve the
estimations for specific months (April for Qacha's nek, July for Mohae's Hoek,
Mokhotlong and Leribe). This method was used to patch al the daily rainfal values in
L esotho.

The whole exercise was performed in order to patch the missing daily maximum,
minimum and rainfall values. Thus the data used for further analysis in this thesis is the
measured values compensated by the generated values in cases of missing meteorological
data

Even though the monthly or dekadal totals compare well with the measured totals, the ID
tends to level off the high daily amounts of rainfall and also increases the number rainy
days within a certain period. For further research, determination of the number of rainy
days within a given period and the ratio of rainfall during those days to the total rainfall
at a neighbouring station can be investigated in order to ater the daily vaues with
periodical sum staying the same.



Chapter 4 —Temperature Analysis
4.1 Introduction

Temperature is abasic climatological parameter frequently used as an index to the energy
status of an environment (De Jager and Schulze, 1977). It is sometimes defined as the
measure of the degree of heat or internal energy held in a substance (Buckle, 1996). Air
temperatures taken at weather stations and quoted in climatic records are known as dry
bulb recordings and are always shade measurements (Buckle, 1996). According to Tyson
and Preston-Whyte (2000), the readings are made in degree Celsius (°C) on the scale
from O (melting point of ice) to 100 (boiling point of water) or above the absolute zero of
temperature (273°C). The thermometers are housed in a specialy ventilated wooden
cabinet called a Stevenson screen (Buckle, 1996). The most commonly used temperature
readings are the highest and lowest temperatures of the day which are usually measured
with a maximum and minimum thermometer respectively in a standard manua weather
station.

Temperature is a major environmental factor that changes from season to season and
undergoes daily fluctuations with short, erratic lows and highs (Browse and Xin, 2001).
Air temperature is determined by the rate at which solar radiation is received at any given
point. Surface temperature anywhere is dependent on latitude, decreasing more or less
steadily towards the poles in the southern and northern hemisphere. In tropical regions
temperature is uniform whereas in the mid- latitudes like in Southern Africa there is more
variability in temperature due to the seasonaly varying air masses and winds (Linacre
and Geerts, 1997; Hobbs et al., 1998). Continentality (distance from sea or ocean) affects
the temperature regime in that, the temperatures near large lakes and oceans are generally
moderated, while those over the continents experience extremes (Buckle, 1996; Linacre
and Geerts, 1997; Schulze et al., 1997). Advection of heat in winds may affect surface
temperature, especially when winds flow directly from high latitudes or from the poles.
This is an important cause of day to day changes of temperatures at the mid-latitudes
(Linacre and Geerts, 1997). Over much of southern Africa, temperature variations in time
and space are largely dependent on topography (both the altitude and configuration of the



land surface) according to Hobbs et al. (1998). The vertical temperature decrease of air

on amountainside is known as the topographic |apse rate (Buckle, 1996).

Temperature has a direct effect on all forms of life on earth, affecting a wide range of
processes and activities ranging from human comfort and consequent energy supply and
demand for heating and cooling, to crop and domestic animal responses, the incidence of
pests and diseases and also rates of evaporation (Schulze et al., 1997; Jayamaha, 1979).
Air temperature also has important influences on other weather elements, especialy
pressure, wind and humidity, and plays a role in the classification of climatic types
(Buckle, 1996). In areas of high latitudes and high atitudes, temperature can be a limiting
factor for plant growth and development. These areas are marked by extremely low
temperatures. Plants can grow and thrive only between certain limits of temperature and
between these limits (upper and lower temperatures) there is an optimum temperature
which assures the most rapid growth for a particular species provided soil water and other
requirements like nutrients are available (Jayamaha, 1979). These cardinal temperatures
(upper, lower and optimal) differ from species to species and even within a given species
from one stage of life cycle to next (Schulze et al., 1997).

4.2 Data and methods

4.2.1 Data

The daily maximum and minimum temperature measurements from 30 meteorological

stations were used in the analysis of temperature. These data was obtained from the
Department of Lesotho Meteorological Services (LMS). Fig 4.1 shows the network of the
stations around the country with the majority of the stations situated in the lowlands and
very few over the highlands and Senqu River Valey areas. The data from these stations is
variable in that some stations have temperature readings from 1962 to date while a few
stations only have records dating from 1990 (Table 4.1). The digitital elevation map in

Lambert Equal-Area Azimuthal projection with the 1km by 1km resolution was obtained
from the Southern African Development Community (SADC) Regional Remote Sensing
Unit (RRSU).
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Fig 4.1 Map showing location of Lesotho network of climate stations to be used for temperature

analysis.

Table 4.1 Detailed information about climate stations in Lesotho to be used for the temperature

analysis
Station Lat. Lon. Alt. Period Station Lat. Lon. Alt. Period
(m) (m)

Butha Buthe -28.77 | 28.25| 1770| 1967 — 2004 | Nohana -30.05 | 27.85 1770 | 1989 — 2004
Kolbere -29.28 | 28.50| 2650| 1979— 2004 | Oxbow -28.72 | 28.62 2660 | 1961 — 2004
Lekubane -29.42 | 27.93| 2360| 1970— 2004 | Pitseng -28.95 | 28.22 1780 | 1975-— 2004
Leribe -28.88 | 28.05| 1740| 1967 — 2004 | QachasNek -30.12 28.7 1970 | 1968 — 2004
Letsengla

Terai -29.00 | 29.00| 3050| 1963— 1991 | Quthing -3042 | 27.72 1740 | 1968 — 2004
M afeteng -29.82 | 27.25| 1610 1987 — 2004 | RomaNUL -29.45 | 27.73 1650 | 1968 — 2004
M alefiloane -29.33 | 29.22| 2887 | 1990-— 2004 | Sani Pass -29.58 | 29.28 2440 | 1992 — 2004
Mapoteng -20.02 | 27.95| 1725| 1984 — 2004 | Sehlabathebe -29.88 | 29.07 2320 | 1975- 2004
Matela -29.38 | 27.75| 1775| 1980— 2004 | Semonkong -29.83 281 2458 | 1977 — 2004
Matsieng -29.62 | 27.57| 1800| 1990-— 2004 | St James -29.35 | 28.02 2250 | 1971 - 2004
Megametalana -29.3 275 | 1530 1968 — 2004 | St Martins -29.28 | 28.75 2270 | 1978 -— 2004
Mohales Hoek -30.15 | 27.47| 1620| 1971-— 2004 | Teyateyaneng -29 28 1690 | 1968 — 1992
Mokhotlong -29.28 | 29.07| 2230 1967 — 2004 | ThabaBosiu -29.35 | 27.67 1600 [ 1990 — 2004
M oshoeshoel -20.45 | 27.57| 1628 | 1985— 2004 | Thaba Tseka -29.93 274 2160 | 1976 — 2004

Thabana

Mt Moor osi -30.27 | 27.88| 1625| 1990-— 2004 | Morena -29.55 [ 28.58 1680 | 1985 — 2004




4.2.2 Data processing

The complete dataset of maximum and minimum temperatures were processed using
different computer packages. Instat+ software was used in the generation of both
maximum and minimum monthly averages and the generation of monthly heat units in
degree days. Determination of the onset of frost, cessation and duration of frost were
done in both Microsoft Excel and the Instat+ software.

4.2.3 Interpolation of monthly values

The interpolation of monthly maximum and minimum temperature values was done using
Arcview 8.3. First the point values were converted to the shape file. The converted layer
was then changed to the raster format with 1 km resolution to metch the resolution of the
elevation map. The regresson model for every month for al the parameters was
determined using the monthly values and altitude of the station (Y azdanpanah et al.,
2001). The model was used to create the surface from the DEM using raster calculator.

The two resultant maps were merged giving priority to the actual values at the stations.

4.3 Results and Discussion

4.3.1 Minimum temper atures

Mean monthly minimum temperature for January ranges from 4.8°C recorded in
Letse'eng la Teral to the highest of 15.6°C in Thabana-Morena (appendix 4.1). Sani Pass,
Oxbow and Sehlabathebe stations also recorded low mean monthly minimum
temperatures of 6°C, 7°C and 8°C respectively. In contrast, high mean monthly minimum
temperatures recorded at Moshoeshoe |, Matsieng and Mapoteng with 14.9°C, 14.9°C
and 15.5°C respectively were considerably higher. As seen in Fig. 4.2, the northeastern
and eastern part of the country experience low (less than 6°C) minimum temperatures.
This area of low temperature is mostly evident in Butha Buthe, Thaba Tseka and
Mokhotlong districts. The highlands of Qacha s Nek, Maseru, Mohale' s Hoek, Berea and
Leribe districts al'so experience minimum temperatures below 8°C in January. In general,

the western part of the country experience relatively high minimum temperatures as



compared to the rest of the country with temperatures exceeding 14°C. Area of high
temperature is also evident at the Senqu River Valley in the south along the boundaries of
Mohale’'s Hoek and Quthing districts.

Spatia distribution of mean monthly minimum temperatures for February is more or less
the same as that of January (Fig. 4.2). On average the northeastern, eastern parts and the
central parts experience lower mean monthly minimum temperatures while the north
western to southwestern parts recorded high mean monthly temperatures. This area is
comprised of the lowlands and some part of the Senqu River valley regions. The foothills
and the northern part of the Senqu River valley experienced moderate mean monthly
minimum temperatures. The measured mean monthly mimimum temperatures ranges
from 5.5°C to 15.5°C during the month of February (Appendix 4.1).

The minimum temperatures show a drastic decrease during the month of March with a
range of 4°C to 13.6°C (Appendix 4.1). On average the highlands record a mean monthly
minimum temperatures of less than 6°C while the lowlands and southern part of the
Sengu River Valley record higher temperatures of greater than 12°C (Fig. 4.3). In April
the range from the observed data ranges from 0.8°C to 10.8°C (Appendix 4.2). As seen
from Fig. 4.3, April minimum temperatures are lower than that of March with the whole
area of the districts of Mokhotlong and Thaba Tseka experiencing less than 6°C. The

lowlands are also experiencing relatively low temperatures in April.

On the whole mean monthly mimimum temperatures for May are below 6°C throughout
the country (Fig. 4.4). The range is from -2.8°C in the Highlands to 7.1°C in the
Lowlands @ppendix 4.2). The higher temperature values are still biased towards the
western part of the country while the eastern part experiences relatively low minimum
temperatures. In June the spatial distribution of temperature is the same as May but the
values have dropped significartly. Almost the entire country is having minimum
temperature of less than 2°C with the exception of a few places in the Lowlands and
Senqu River Valey (Fig. 4.4). The range in the observed data is from -6.1°C to 4.3°C
(Appendix 4.2). In July the temperature range dropped to -6.5°C to 3.6°C (Appendix 4.3).



The whole country is recording mean monthly minimum temperature of less than 2°C
(Fig. 4.5). In August the minimum temperatures are starting to rise with the range of -
3.8°C to 6.1°C. The lowlying areas recorded temperatures in excess of 2°C while the

high-lying areas still have their monthly minimum temperatures of less than 2°C.

In September the mean monthly minimum temperatures ranges from -0.2°C to 9.2°C
(Appendix 4.3) and over the high-lying layers the temperatures are less than 4°C while a
few of the lowlying areas record temperatures greater 6°C (Fig. 4.6). In October the
country is starting to experience warm wesather with the reduction in area of monthly
minimum temperature with less than 4°C. The range from the observed values ranges is
from 1.5°C to 11.6°C @Appendix 4.4). Mean monthly minimum temperatures in the
month of November are aso high in the western parts of the country and low over the
north eastern and eastern highlands. The lowlands (Mafeteng, Maseru, Berea, Leribe,
Butha Buthe, Mohale’'s Hoek and Quthing) are experiencing temperatures in the excess
of 10°C while the highlands temperatures are still below 6°C. The observationa range is
from 3.1°C to 13°C (Appendix 4.4). The temperatures in December are relatively higher
than that observed in November with the range from 4.5°C to 14.9°C. Some places over
Berea, Maseru, Mafeteng, Mohae's Hoek and Quthing are having minimum
temperatures higher than 14°C (Fig. 4.7).
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4.3.2 Maximum temperatures

Mean monthly maximum temperature for the month of January ranges from 16.5°C to
28.7°C being the hottest month of the year (Appendix 5.1). Just like in the mean monthly
minimum temperatures, the high-lying areas over the northeastern and eastern parts of the
country record relatively low temperatures with some places experiencing less than 18°C
(Fig. 4.8). In the low-lying areas temperatures above 28°C are experienced over the
western and southwestern parts of the country. In February the observed mean monthly
maximum temperature starts from 15.8°C to 28.1°C dightly lower than January. Low
monthly maximum temperatures are recorded in Lets eng la Teral, Sani Pass and Oxbow
with 15.8°C, 16.3°C and 17.9°C respectively (Appendix 5.1). High maximum
tenperatures are recorded in Mt Moorosi, Megametalana and Mohale's Hoek with
28.1°C, 27.6° and 27.4°C respectively. The area with temperatures in excess of 28°C is
only confined to few places (Fig. 4.8). In March the temperatures are starting to drop by
around 2°C from the previous month. The lowest mean monthly maximum recorded is
13.9°C at Letseng la Tera with the highest value of 26.2°C at Mt Mooros (Appendix
5.1). The central and eastern parts of the country are experiencing mean monthly
maximum temperatures of lower than 20°C while the eastern and southeastern parts are
having maximum temperatures of over 20°C (Fig. 4.9). Many districts with exception of
Mokhotlong and Thaba Tseka are mostly experiencing temperatures greater than 20°C.
April mean monthly maximum temperatures range from 11.2°C to 23.1°C (Appendix

5.2). Compared to March, April records lower maximum temperatures (Fig. 4.9).

May temperatures are low and the observed mean monthly maximum temperatures range
from 8.7°C to 19.4°C (Appendix 5.2). The central, northeastern and eastern parts of the
country receive temperatures of less than 14°C while the western lowlands and
southwestern parts record high monthly maximum temperatures of greater than 18°C
(Fig. 4.10). In June the monthly maximum temperatures are extremely low with the
lowest of 6.1°C to 17°C (Fig. 4.10). July temperatures are also low with over 80% of the
country experiencing less than 16°C mean monthly maximum temperature. The range is
from 6.5°C to 16.9°C (Appendix 5.3). Therefore, June and July are the coldest months. In
August the temperatures are starting to increase (Fig. 4.11). The mean monthly maximum



temperature range from 8.6°C recorded over the high-lying areas to 19.8°C recorded in

the low-lying areas.

September is marked by a further increase in temperatures, some places over the
lowlands and the southern part of the Senqu River valley record mean monthly maximum
temperatures greater than 22°C (Fig. 4.12). The temperature range is from 11.8°C to
23.3°C (Appendix 5.3). October mean monthly maximum temperatures are ranging from
13°C to 25.3°C (Appendix 5.4). The lowlands and Senqu river valley are having monthly
maximum temperatures in the excess of 24°C. Temperatures less than 18°C are
experienced at the high-lying areas with Thaba Tseka and Mokhotlong districts showing
higher area of low temperature. In November there is a dight increase in the mean
monthly maximum temperatures with the range of 14.3°C to 26.3°C. Few areas in the
districts of Berea, Maseru, Mafeteng, Mohales Hoek and Quthing are having
temperatures greater than 26°C. The high-lying areas are still having less than 18°C (Fig.
4.13). Compared to November, December is dightly warmer with a few places
experiencing over 28°C (Fig. 4.13). The temperature range from the observed datain this
month is from 15.7°C to 28.2°C (Appendix 5.4).
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4.3.3 Growing degree days/Heat units

The January accumulated heat units with 10°C as the base temperature is spatial distributed like
the mean monthly minimum and maximum temperatures. The heat units are higher over the
lowlands and Senqu River valley and relatively less over the highlands (Fig. 4.14). They range
from 45GDD to 363GDD (Appendix 6.1) with Mgametalana, Thaba Bosiu and Mt Mooros
recorded the highest values of 363GDD, 361GDD and 358GDD respectively. The values
dropped dightly for February with the range of 31GDD to 326GDD. The low-lying areas record
degree days greater than 300GDD while the highlands register monthly heat units of less than
100GDD. In March the growing degree range from 12GDD to 301GDD (Appendix 6.1), while
April showed a great drop in the heat units with the amounts ranging from 1GDD to 196GDD
(Appendix 6.2). This is attributed to the fall in both daily maximum and minimum temperatures
during this month. Over 80% of the country experienced less than 150GDD (Fig. 4.15) but in

some places over the low-lying the heat units are in the excess of 150GDD.

May aso show very low heat units accumulation with the range of 0GDD to 92GDD (Appendix
6.2). On the whole, the Highlands record less than 10GDD with the exceptions of the lowlands
and some parts of the Senqu River Valey which register more than 80GDD (Fig. 4.16). In June
and July almost no heat units are accumulated over the country with few stations recording over
10GDD. In August there is a dight increase in the accumulated heat units with the range of
0GDD to 72GDD (Appendix 6.3). The western and southwestern receive over 60GDD in this
month (Fig. 4.17).

In September the monthly heat units are slightly higher than the previous month. There are areas
which are experiencing over 100GDD while over the highlands the values are lower than
50GDD (Appendix 6.3). October also shows an increase in the accumulated heat units with the
minimum of 6GDD and the maximum of 251GDD (Appendix 6.4). The low-lying areas record
heat units of over 200GDD in this month (Fig. 4.18). In November the observed heat units
ranges from 11GDD to 281GDD. In December the observed heat units range from 24GDD to



338GDD. Higher accumulation of heat units are also seen over the western and southwestern
parts with over 300GDD (Fig. 4.19).

October is the first month with relatively high degree days and corresponds to the beginning of
rainfall over the country of Lesotho and thusit is considered as start of the growing season which
extends to April. Seasonal heat units (accumulated from October to April) are in the range
132GDD to 2056GDD (Table 4.2). The heat units requirement for maize is the minimum of
1500GDD. As seen from Fig. 4.20, the highlands have less than 1000GDD so it is insufficient
for amaize crop to grow to full maturity while the lowlands record over 1800GDD. Mt Mooros,
Megametalana, Thaba Bosiu and Mapoteng recorded the highest seasona heat units of
2056GDD, 1944GDD, 1942GDD and 1921GDD respectively. The lowest seasonal heat units are
accumulated over Letseng la Terai, Sani Pass and Oxbow with 132GDD, 207GDD and
300GDD respectively.
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Fig4.16 Mapsof mean monthly heat unitsfor May and June
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Table 4.2 Mean sasonal heat units statistics (mean, 20" percentile, nedian, 8o percentile and gandard
deviation) for each station.

Station Mean 20th Per Median 80th Per Std Dev

Butha Buthe 1684 1579 1751 1795 147
Kolbere 1214 1104 1243 1324 137
L ekubane 990 880 1006 1099 129
Leribe 1752 1653 1740 1850 118
LetsenglaTerai 132 77 117 174 68

M afeteng 1739 1615 1780 1827 137
M alefiloane 628 527 624 689 145
M apoteng 1921 1811 1951 2055 146
Matela 1685 1582 1683 1790 130
Matsieng 1872 1764 1885 1977 122
M g ametalana 1944 1841 1957 2073 132
M ohales Hoek 1857 1733 1850 2005 154
M okhotlong 1153 1057 1142 1281 150
M oshoeshoe | 1884 1771 1912 1993 130
Mt M oor osi 2056 1939 2082 2138 132
Nohana 1852 1791 1861 1934 93

Oxbow 300 253 291 360 64

Pitseng 1677 1589 1715 1780 142
Qachas Nek 1365 1247 1380 1502 159
Quthing 1801 1665 1787 1983 164
Roma NUL 1810 1705 1832 1911 140
Sani Pass 203 159 203 234 49

Sehlabathebe 632 547 621 709 100
Semonkong 814 720 840 877 100
St James 1066 951 1076 1204 149
St Martins 793 721 799 910 140
Teyateyaneng 1882 1736 1925 2002 149
Thaba Bosiu 1942 1843 1958 2053 130
Thaba Tseka 1112 1012 1129 1239 149
Thabana Morena 1919 1810 1908 2024 122
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Tmax and Ty are daily maximum temperatures and minimum temperatures respectively. Tgaseis the base threshold temperature = 10°C for

maize.



4.3.4 Frost occurrence

Thefirst day of frost varies quite significantly over the country. A frost day is considered
as the day in which the minimum temperature is equal or less than 0. For all the years on
record the average first day and last day of frost was determined for all the stations. The
observed average first frost starts as early as 1¥ March at Sani Pass station followed by
Lets eng la Terai on the 13" March and Oxbow on the 25" March (Table 4.3). Also seen
in Fig. 4.21, the onset of frost in the high-lying areas is during the month of March. The
first day of frost over the lowlands (Leribe, Berea, Maseru, Mafeteng, Mohale' s Hoek
and Quthing) is mostly between 16" May to 31% May. Also noted from Table 4.3 is the
extreme latest dates of 20" June observed at Thabana-Morena station and that of the 12"
June recorded at Mt Moorosi.

The last day of frost (cessation) is later over the highlands and early over the lowlands
(Fig. 4.22). The observed earliest last days of frost are on 6" August, 10 August and 12"
August observed at Thabana-Morena, Mapoteng and Teyateyaneng stations respectively
(Table 4.3). Fig. 4.22 shows that the low-lying areas have the last days of frost not later
than August. The latest dates are 2@ December, 28" November and 21% November at
LetsSeng la Terai, Sani Pass and Oxbow stations. The highlands generaly have the last
days of frost after 15" October.

The recorded frost duration ranges from 47 days to 272 days (Table 4.3). The shortest
durations are recorded at Thabana Morena, Teyateyaneng and Mt Moorosi with 47 days,
74 days and 81 days respectively. Fig. 4.23 shows that some parts of lowlands mostly
towards the western border record frost duration of less than 90 days. The Highlands
record frost duration of over 180 days with the highest duration recorded by Sani Pass,
Lets'eng La Terai and Oxbow with 272 days, 264 days and 241 days respectively.

Appendix 7 shows the dates of the first day of frost, last day of frost and frost duration
using the 20% occurrence criterion. On the whole the onset is later than when using the
average first day while the last day is earlier in the 20% criterion. Thus, the frost duration
is less when calculated using this method.



Table4.3 First day of frost, last day of frost and duration of frost using the average of first day each year

Station First day of frost L ast day of frost Duration
March April May June August [ September October November December
Butha Buthe 8 12 187
Kolbere 6 22 140
L ekubane 8 17 132
Leribe 7 7 124
Lets’engla
Terai 13 2 264
Mafeteng 21 24 95
M alefiloane 3 17 197
M apoteng 31 10 70
Matela 11 29 111
Matsieng 29 22 85
M gjametalana 17 1 108
M ohales Hoek 23 2 102
Mokhotlong 23 6 165
M oshoeshoe | 17 24 99
Mt Moorosi 12 1 81
Nohana 17 23 97
Oxbow 25 21 241
Pitseng 12 26 106
Qachas Nek 11 22 136
Quthing 25 26 96
Roma NUL 24 25 93
Sani Pass 1 28 272
Sehlabathebe 2 7 219
Semonkong 31 12 226
St James 2 7 168
St Martins 7 7 183
Teyateyaneng 30 12 74
Thaba Bosiu 26 18 84
Thaba Tseka 2 26 146
Thabana
Morena 20 6 47
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4.4 Conclusions

The main aim of this chapter was to investigate the temperature climatology of the
country of Lesotho starting with the monthly means of both daily maximum and
minimum temperatures. The accumulated heat units are also investigated and the frost
occurrence was studied as these are important variables in the agricultural risk decision
making. It is important also to study the spatial and temporal variation of these variables
as they are important in the determining the timing of agricultural activities.

This study shows that the mean monthly minimum temperatures vary largely from one
area to another due to the effect of change in atitude and topography. On the whole, the
region from the northwestern part extending down to the southwestern part of the country
experience higher mean monthly temperatures. These areas include the districts of Butha
Buthe, Leribe, Berea, Maseru, Mafeteng, Mohale's Hoek and Quthing. Amongst the



stations in these areas Thabana Morena, Mapoteng, Matsieng and Teyateyaneng recorded
overal high mean minimum temperatures. The highest monthly minimum temperature of
15.6°C was recorded at Thabana-Morena for December. The highlands (altitude > 2000
m) which are mostly located over the central area as well as the region extending from
the north to the eastern part of the country record very low mean monthly minimum
temperatures. Lets eng la Teral, Sani Pass and Oxbow are the stations in which the lowest
minimum temperatures were observed. The lowest mean minimum temperature was
recorded in Oxbow during July. On average the lowest minimum temperatures were
recorded in the months of June and July while January and February recorded the highest
minimum temperatures. The mean monthly minimum temperatures did not show much
variability from year to year as the standard deviation mostly show values of less than

1.5 °C for all the observed values.

The maximum temperatures spatial variability was more or less smilar to that of the
minimum temperatures. The low-lying areas observed high maximum temperatures while
the high-lying areas observed low maximum temperatures. December, January and
February months showed the highest mean monthly maximum temperatures during
summer. The highest mean monthly maximum of 28.7°C was recorded at Mejemetalana
in January. In winter June and July are the coldest months with low maximum
temperatures experienced in those months. The lowest monthly value recorded was 6.1°C

during June at Lets eng la Terai.

The accumulated heat units were high during the summer months with December and
January showing the highest accumulated monthly values. During the winter months
starting from May to August the heat units are at the lowest throughout the country with
June and July showing the extremely low values. This is caused by negative minimum
and low maximum temperatures during these months. Also noticed was spatial variance
which depicted the western and southwestern as having the highest heat units while the
northern, central and eastern parts of the country show low monthly values. The seasonal
heat units take the same spatia shape as the monthly heat units and the above- mentioned

parameters. The highlands record less than 600GDD while the low-lying areas seasonal



heat units exceed 1800GDD for the summer growing season. Since, in the lowlands,
foothills and the Senqu river valey areas recelves seasonal heat units of more than
1400GDD, maize can grow to maturity at these places.

The frost occurrence is relatively extensive over the country of Lesotho with the high
lying areas (altitude > 2000m) experiencing more frost than the low-lying areas. The first
day of frost comes as early as 1 March for the highlands and as late as 20" June for the
Lowlands. The last day of frost is early over the low-lying areas and very late over the
high-lying areas as a result the frost duration is relatively longer over the Highlands. In

places where the frost period is over 180 days, it is considered not suitable for maize.

For further research, it will be good to include also the orientation of the slope in the
algorithm which estimates the temperature indices in areas where there were no
measurements. Factors like distance from the ocean should also be included to test their

significance in the model which estimates non-observational areas.

In the next chapter, different precipitation indices will be discussed in full length. The
monthly, seasonal both dry season and wet season and annual precipitation variation in

space and time will be considered.



Chapter 5 —Precipitation Analysis
51 Introduction

The study of precipitation climate in any region isimportant from the view of agricultural
production, drainage of urban and agricultural lands, erosion, flood, drought, water
resources and civilization (Dinpashoh et al., 2004). Precipitation is one of the most
important factors in agricultural water management, especially in dryland farming. To do
climatological analysis in a country like Lesotho, with its topographically influenced
patterns of climate variables, is rather difficult especialy in the case of precipitation. The
interrelationship between the orographic features and the synoptic conditions in the
mountainous regions usually produce a highly varying spatia structure which cannot be
detected in detail using the data network of arelatively small number of observation sites
available per surface area (Holawe and Dutter, 1999).

Precipitation occurs in association with some form of airflow disturbance causing air to
rise. The resulting uplifting initiates adiabatic cooling and given suitable moisture
conditions this leads to cloud formation (Buckle, 1996). Four main forms of uplifting
provide the basis for a classification of precipitation types. Convectional precipitation is
caused by the localized thermal heating and overheating of the ground surface causing
the moisture laden air to rise resulting to cumuliform clouds (UK Met, undated). It is the
most common type of precipitation in hot climates. Much of the rainfall received in
summer over Southern Africa is of convective origin (Jayamaha, 1979; Tyson, 1986).
Convergence precipitation is another type which is associated with lowleve
convergences in warm, moist air and is most common in the humid tropics (Buckle,
1996). Another type is the frontal or cyclonic precipitation which is associated with the
passage of low-pressure systems. It develops ahead of and near the frontal zones that
separate the warm and cold air masses (UK Met, undated; Buckle, 1996). Lastly,
orographic or relief precipitation is associated with the passage of moist airstreams over
mountain barriers (UK Met, undated). Precipitation describes the various forms of water
droplet and ice that falls from the clouds. It can be in the form of rain, drizzle, hail, snow
and sleet. The form and size of precipitation reaching the ground from the clouds depends



on the humidity and temperature conditions beneath the cloud base and processes within
the cloud (Buckle, 1996). Precipitation in Lesotho, which is the predominant
meteorological parameter directly influencing nearly all agricultural activities is received
mostly in the form of ran and occasional hal or snow (Jayamaha, 1979).
Precipitation/rainfall is measured in millimetres and recorded as the depth of water that
falls on 1nf level area The simplest recording instrument is the standard rain gauge and

this is capable of measurements accurate to 0.1mm (Buckle, 1996).

Rainfall, whether it is annual, seasonal or daily, is the most changeable of the weather
elements varying in distribution, duration and intensity (Tyson, 1986; Buckle, 1996).
Understanding seasonal rainfall distribution is important for its influence on the
economic activities of the population of Africa since agriculture is entirely dependant on
rainfall and the economy of most African countries including Lesotho are driven by
agricultural products (Buckle, 1996). The length of the rainy season including the time it
starts and the time it ends are important. In Southern Africa, precipitation follows an
annual cycle and is almost entirely received during summer (Tyson, 1986). More than
80% of the annual rainfall in Sourthen Africa occurs between October and March and the
pronounced seasonality of rainfall in these region is illustrated by the monthly variation
in rainfall (Wilken, 1978; Tyson, 1986). Seasona rainfall patterns are mostly controlled
by global factors related to the general circulation (Buckle, 1996; Hobbs et al., 1998).
The rain is mostly dependent on location and behavior of the Inter-Tropical Convergence
Zone (ITCZ), whose fluctuating boundaries are in turn influenced by changing pressure
patterns (Buckle, 1996). In mid-latitude countries like Lesotho, pressure patterns are
dominated by the subtropical high pressure belt. In summer, the high pressure belt shifts
southwards, thus permitting the influx of moist air into the country and the convective,
convergent and orographic lifting of these moist air masses result in rainfal. In winter the
high pressures intensify over land inhibiting the entry of marine air and thus resulting to
lack of rainfall (Wilken, 1978).

Inter-annual variability of rainfall is one of the factors which are important in the

understanding of climate of an area. One of the factors which affect inter-annual



fluctuation of rainfal is the El Nifio Southern Oscillation (ENSO) phenomenon. The
Southern Oscillation Index (SOI) and Sea Surface Temperature (SST) are the most
common indicator of the status of ENSO (Hobbs et al., 1998, IRI, 1999). The SOI is
calculated from the monthly or seasonal fluctuations in the surface pressure difference
between Tahiti and Darwin. Sustained negative values of the SOI often indicate El Nifio
episodes. These negative values are usualy accompanied by sustained warming of the
central and eastern tropical Pacific Ocean and a decrease in the strength of the pacific
trade winds (Aus BOM; Hobbs et. al., 1998). Positive values of the SOI are associated
with stronger pacific trade winds and warmer sea temperatures to the north of Australia,
popularly known as a La Nina episode. Waters in the central and eastern tropical Pacific
Ocean become cooler during this time (Aus BOM). Hobbs et al. (1998) noted that
research by Ogallo (1987), Nicholson (1988/9 and 1993) concluded that EI Nifio years
are marked by drought in southern Africa. In contrast, La Nina years are accompanied by
above average summer rainfall over much of southern Africa including Lesotho (Hobbs
et al., 1998).

Precipitation in Lesotho is generadly of high intensity especially in the summer months
when there are frequent convective storms. Analysis of the characteristics of rainfall
intensity is of importance to agriculture. According to Wilken (1978) Lesotho soils are
mostly thin and underlain by impermeable rock and thus the threat of flooding and
erosion are great during high intensity rainfalls. Heavy falls can lead to soil degradation
processes whereby soil is eroded and vauable nutrients are washed away (Jayamaha,
1979, Ranatunge et al., 2003). According to Van Dijk et al. (2002) the amount of soil that
is detached by a particular depth of rain is related to the intensity at which this rain falls
and aso that soil splash rate is a combined function of rainfal intensity and some
measure of raindrop fall velocity. The higher the fall velocity the greater is the soil
erosion. Thus moderate rainfall intensities could exceed the soil infiltration rates and
storage capacities in Lesotho due to shallow soil and lead to water-logging in fields and
local flooding of lowlying areas (Jayamahg, 1979 and Ranatunge et al., 2003). Standing
water in fields are common sights following heavy fals, this can result in severe failure
of crop yields (Wilken, 1978, Ranatunge et al., 2003).



5.2 Data and methods

5.2.1 Data

The precipitation analyses were done using daily rainfal from 62 stations distributed
around the country. The data used was from 1960 to 2004 for all the stations with some
stations data starting in 1970 while in other stations it started in 1980s (Table 5.1). The
station with minimum number of years (19) is Moshoeshoe | which was installed in 1985.
Four South African stations namely Wepener, Royal Natal Park, Cathedral Peak and

Waterford were used in the generation of monthly, seasona and annual rainfall.
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Fig 5.1 Observational network of rainfall stationsused in therainfall analysis



Table 5.1 Detailed information about rainfall stationsin Lesotho to be used for rainfall analysis

Station Latitude [ Longitude Elev. | Period No. yrs Station Latitude | Longitude | Elev. | Period No. yrs
Bots abelo -29.37 27.52 1575 | 1962 - 2004 42 Mt Olivett -29.87 2740 | 1623 1976 - 2004 28
Butha Buthe -28.77 28.25 1770 | 1960 - 2004 44 Nohana -30.05 27.85| 1770 1979- 2004 25
Fort-Hartley -30.32 27.75 1490 | 1965 2004 39 Oxbow -28.72 28.62 | 2660 | 1960 - 2004 44
Hololo-Court -28.72 28.35 1640 | 1965 2004 39 Paray -29.50 28.62 | 2160 | 1960 - 2004 44
Khoshane -29.40 27.82 1900 | 1982 - 2004 2 Pitseng -28.95 28.22 | 1780 | 1964 - 2004 40
Kolbere -29.28 28.50 2650 | 1979 - 2004 25 Pontseng -29.03 28.43| 1875]| 1979- 2004 25
L ekubane -29.42 27.93 2360 | 1970 - 2004 A Pulane -29.25 27.92| 1700 1971 - 2004 33
L elingoana -29.27 28.87 2100 | 1960 - 2004 44 Qaba -29.78 2757 | 1950 | 1978- 2004 26
Leribe -28.88 28.05 1740 | 1960 - 2004 44 Qachas Nek -30.12 28.70 | 1970 1960 - 2004 44
L esobeng -29.75 28.42 2250 | 1979 - 2004 25 Quthing -30.42 27.72| 1740 1960 - 2004 44
Letseng la
Tera -29.00 29.00 3050 | 1963 - 1991 28 Ramatseliso -29.03 28.93 | 2250 | 1979- 2004 25
M afeteng -29.82 27.25 1610 | 1960 - 2004 44 Rapase -30.05 28.55| 1830 1960 - 2004 44
M akoae -30.28 28.05 1800 | 1960 - 2004 44 Roma NUL -29.45 27.73| 1650 | 1962 - 2004 42
Malealea -28.85 27.57 1970 | 1960 - 2004 44 Samaria -29.77 2730 | 1675 1969 - 2004 35
M aphutseng -30.22 27.48 1560 | 1978 - 2004 26 Sani Pass -29.58 29.28 | 2440 1975- 2004 29
M apoteng -29.02 27.95 1725 | 1984 - 2004 20 Seaka -30.45 27.58 | 1460 | 1978- 2004 26
M aputsoe -28.90 27.93 1620 | 1977 - 2004 27 Sebedia -29.13 28.08| 1725]| 1978- 2004 26
M ashai -29.68 28.80 1830 | 1960 - 2004 44 Sehlabathebe -29.88 29.07 | 2320 1975- 2004 29
Matela -29.38 27.75 1775 | 1980 - 2004 24 Semonkong -29.83 28.10 | 2458 1967 - 2004 A
Matelile -29.88 28.47 1860 | 1978 - 2004 26 St James -29.35 28.02 | 2250 | 1976 - 2004 28
Matsieng -29.62 27.57 1800 | 1984 - 2004 20 St Martins -29.28 28.75| 2270 1972- 2004 32
St-John
M azenod -29.42 27.55 1575 | 1976 - 2004 28 M ar akabei -29.52 28.15| 1980 | 1963 - 2004 41
M egjametalana -29.30 27.50 1530 | 1960 - 2004 44 St-Peters -28.75 28.47 | 1860 | 1965 - 2004 )
M ohales Hoek -30.15 27.47 1620 | 1960 - 2004 44 Teyateyaneng -29.00 28.00| 1690 | 1960 - 1992 32
M ohlanapeng -29.60 28.65 2250 | 1965 - 2004 39 Thaba Bosiu -29.35 27.67| 1600 | 1980 - 2004 24
M okhotlong -29.28 29.07 2230 | 1960 - 2004 44 Thaba Tseka -29.93 27.40| 2160 | 1976 - 2004 28
1977 - 2004 27 Thaba- 1974 - 2004 30
Moletsane -29.17 28.03 1900 Khupa -29.42 27.63| 1690
Molimo- Thabana
Nthuse -29.47 27.90 1900 | 1975 - 2004 29 M orena -29.55 28.58 | 1680 | 1960 - 2004 44
M oshoeshoe | -29.45 27.57 1628 | 1985 - 2004 19 Ts'ilo -29.60 27.60| 1775| 1978- 2004 26
Mt Moor osi -30.27 27.88 1625 | 1978 - 2004 26 Tsoelike -30.02 28.73| 1770 1960 - 2004 44
Mt Carmel -30.00 27.58 1750 | 1976 - 2004 28 Whitehill -30.05 28.48 | 1680 | 1960 - 2004 44




5.2.2 Methodology

The monthly totals were computed using Microsft Excel and Instat+ softwares. The wet
season, dry season and annual precipitation totals were also computed using Excel
software. Different statistical parameters (mean, median, 20" percentile, minimum,
maximum, 80" percentile and standard deviation) of monthly, seasona ard annual
precipitation values were done using the Microsft Excel. The number of days with
rainfall greater than 25mm a day per year was also determined using Microsft Excel
software. The computed monthly, annual, seasona and number of days receiving
precipitation greater than 25mm were mapped using Arcview 8.3. The mean/average
values at the stations were used in the interpolation using the ordinary kriging method to
obtain a surface. Kriging method was chosen ahead of the other interpolation method

because it tends to recognize the trend of the data to be interpolated.

53 Resultsand Discussion

5.3.1 Monthly rainfall

Monthly rainfall varies with both space and time. Considering the month of January,
around 80% of the country has a mean rainfall of over 100mm (Fig. 5.2) and 60% of the
country has the median rainfall of greater than 100mm. Fort Hartley has the lowest mean
monthly rainfall for January of 77.4mm and Oxbow has the highest of 182.2mm
(Appendix 8.1). The gpatial distribution shows high monthly rainfall over the north to
northeastern parts of the country with over 160mm of rainfall (Fig. 5.2). The Senqu River
Valley is the area with the lowest rainfal in January with mean monthly rainfall of less
than 100mm. February rainfall is also high over the north to northeastern parts of the
country with over 130mm and some parts of the foothills extending from northern
Maseru to Butha Buthe also received high rainfall. The Senqu River Valey still has
minimum rainfall with some places having less than 70mm of rainfall (Fig. 5.2). It can be
noted from Appendix 8.1 that over than 50% of the stations has less than 100mm and the
minimum mean monthly February rainfal of 57.2mm was received over Mashai.
Ponts eng station has the highest with 145.9mm for February. The area of low rainfall
corresponds to the rainshadow area behind the Drakensberg ranges. The spatial



distribution of rainfall in March takes the same shape as that of the previous months. In
this month, the lowest 54mm was recorded at Mashai followed by St James with 63.4mm
while Oxbow and Lekubane had the highest March mean monthly rainfal of 157.1mm
and 126.3mm respectively (Appendix 8.1). The north to northeastern parts of the country
record over 130mm of rainfall while some parts of the Senqu Valley received less than

70mm.

In April there is a sudden decrease in rainfal with the maximum of 88.4mm and over
80% of the country has less than 60mm of rainfall (Appendix 8.2 and Fig. 5.3). May
marks the beginning of the dry-season as the whole country receives less than 50mm of
rainfall. There is less spatia variability of rainfal over the country, but the eastern
districts (Qacha' s Nek, Thaba Tseka and Mokhotlong) show the least rainfall. Some parts
of Maseru, Quthing and Butha Buthe district register more than 30mm of rainfall. In June
and July rainfal ranged from 5.4mm to 24.8mm and 4mm to 20.4mm respectively
(Appendix 8.2 & 8.3). These months record the lowest rainfall. Snowfalls are usualy
experienced during June and July months mostly over te highlands. In August the
rainfall situation improves a little with the range from 14mm to 40.3mm (Appendix 8.3).
On the whole the country register from 20mm to 30mm, but some parts of Maseru, Berea
and Butha Buthe receive rainfal of over 30mm while the eastern part rainfall in August
goes below 20mm (Fig. 5.5).

In September most of the places receive less than 40mm of rainfall but rainfall situation
on the whole has improved compared to the previous winter months of June, July and
August (Fig. 5.6). The western and eastern parts experienced less rainfal while the
northern parts receive in excess of 40mm. The rainfall ranged from 21.4mm to 56 mm
(Appendix 8.3). September marks the end of the dry season and the wet season starts in
October as monthly rainfall at some places is in the excess of 100mm. Mean monthly
rainfals is more biased to the northern part while the Senqu valey and the western part
of the country received less rainfall (Fig. 5.6). Appendix 8.4 shows that the monthly
rainfall for October ranged from 46.2mm recorded at Seaka to 129.2mm observed at

Oxbow station. In November the area extending from Mohale’'s Hoek to southern part of



Mokhotlong district receive less rainfall (< 80mm) while the northern region had the
highest rainfall in excess of 100mm (Fig. 5.7). The area of high rainfall also is found over
the foothills north of Maseru to Butha Buthe. The rainfall distribution of December is
similar to that of November rainfall but a greater area of the country is receiving more
rainfall. The mountains over Butha Buthe and Mokhotlong record rainfall of over
140mm. Maseru, Berea, Leribe and Quthing districts also received rainfall in the excess
of 100mm. Less than 80mm of rainfall is found mainly in Mohale's Hoek and Thaba
Tseka. The range stretches from 61mm to 169.7mm (Appendix 8.4).



January Mean Rainfall

Maseru

Mafeteng

" Mohale's Hoek o ST

Quthing

Kilometers l.\-q’i})‘-pis
20 100 20
[ —

r

-

A
e

Thaba Tseka

s S S
Y ' ; e y
\ Mohale's Hﬂelsp Pt
%; I.!"|_,__|-.I_I

i

¥ N

E Eilomefers W A{“Ly
by 20 10 0 210 i
I 5

Fig 5.2 Maps of monthly rainfall for January and February

i

<100
100 - 110
110-120
120 - 130
B 130-140
Il 140-150
I 150- 160
B -0

nmim

<70
70 - 80
80 - 90
90 - 100
B 100- 110
B ii0-120
B io- 30
- =130




March Mean Rainfall

TN

Thaba Tzeka

Ealometers " .,{1'5, E
(R (I 20 W-n
[

April Mean Rainfall
; - Butha Bu

,._ \\unw P

Mokhotlong

Thaba Tseka

B N 1
Mafeteng :
s S

\, ":1Muhale's B e - Qacha's Nek mm
: g e
£ 40 - 50
~ Quthing 50 - 60
]

; ) 60 - 70 :
Kilometlers = ¢ E . :
— : > :

Fig 5.3 Maps of monthly rainfall for March and April



May Mean Rainfall r
. .,_}_311!11:1 Buthe :f-

£ 7 Lenbe f J
- | " i}

Berea . :-: y ' : Mokhotlong

;B il -
L Mz 3 Thaka Tseka w
(8 R _5
Mafeteng .I.l. '; ;
1 - T “h i~ i ey
" i | 4

-"-'J:]'»Iulmle's Hook . o o W
_ R mim

5 Quiling 10-20

™

. i 20- 320
Eolonueters W ‘¢__
g ) 0 - = 30
|

o

June Mean Rainfall -~
) ' . Butha Buthe

i

T ik
Beren el MMokhotlong

B

en Y Tl e i Thala Tzeka A AT

S
Mafeteng g " el
o _ X L e | (o

b e ; " Qacha's Nek
-~ Mohale's Hoek - . 5

E

Chathing 1mim

b

Filmneters n -ﬁk:.. =10
20 1 0 1] i =10
[

[

Fig 5.4 Maps of Monthly rainfall for May and June



July Mean Rainfall
" gl _Butha Buthe

, Lenbe 5

: Beres - e Meokhotlong
a2 rE " Rr -__..

ke Mazein Thaba Tzeka ..

Mafeteng

bl

i ™

L8
¥

.~ Qacha's Nek

¥

. " Mohale's Hoek e, ;D*

Cmthmg minn

<10
=10

Eoilosneters W -%j')_ I

0 1 0 20
L

s

August Mean Rainfall -~
" _ Butha Buthe

= Lenhbe z il

5 Berea e hMokhotlong
Masem 5 Thaha T=eka L

Mafeteng

N gt e - Jt;!u-clm's Nek
" Mohale's Hoek g

o & o .,,u""x".

Cmtlong

Filometers o i :
010 0O 20 .
[

| @

Fig 5.5 Maps of monthly rainfall for July and August



September Mean Rainfall

Butha Buthe

Leribe
Berea . Mokhotlong
Maseru Thaba Tseka
Mafeteng
Cacha's Nek
Mohale's Hoek
mim
=30
Quthing 30 - 40
™
Kilometers q.ﬂé.,_ 40.--50
a
2000 0 20 ' =50 |
October Mean Rainfall ¢
i
- Bu
v s : " i
¥ -J-; -
Berea "1:1 P Molhotlong
1 y £
. et o e M
3 1] {.f l.JF _'
o ;
: %-' A P
X Mazem % Thaba Tseka
l;' i ?‘ A
Mafeteng [ ; T i
A0 R e . e ; et oo L :
- il A Tl | mm
b e " CQuochaa Nek <60
~~ Mohale's Hoek . " o& 5
. A B, 80 - 70
3 F 70 -80
: i . 80 - 90
it
QuEIE y 80 - 100
Kilometers "- “?"" - M=
W0 00 -0
[ | ¥ B L N ¥

Fig 5.6 Maps of monthly rainfall for September and October
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5.3.2 Annual rainfall

Mean annual precipitation over Lesotho ranges from 445mm to 1205mm (Appendix 9.1).
Most of the rainfall received is from the months October to March. The lowest values are
observed at Mashai, Seaka, Tsoelike and Fort Hartley with 445mm, 524mm, 546mm and
555mm respectively. As seen from Fig. 5.8, the area of low rainfall (< 600mm) is found
in the boundary of Mohale’'s Hoek and Quthing district and Thaba Tseka district, the
former falls within the Senqu River Valley while the later is mostly a rain-shadow area
caused by the Drakensberg ranges on the eastern part of the country. Mohale's Hoek and
Thaba Tseka districts have the greatest area with rainfall less than 700mm. The area
extending from the western part of the country to the northern part including Maseru,
Berea, Leribe and Butha Buthe receive more than 700mm of rainfall annualy. Quthing
and Mokhotlong districts also had areas of high annual rainfall. The region of highest
rainfall is the north to northeastern escarpments with the excess of 1000mm. Oxbow,
Lekubare, and Ponts eng receive high annual precipitration of 1205mm, 1012mm and

984mm respectively.
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Fig 5.8 Average annual precipitation map of Lesotho obtained using kriging interpolation method (Data from Lesotho meteorological services)



5.3.3 Seasonal rainfall

5.3.3.1 Wet season (October to April)

Lesotho’s wet season runs from October to March/April, thisis also regarded as the main
agricultural summer growing season Over 90% of the maize is produced under the
dryland farming in Lesotho and therefore this makes the rainfall amount and distribution
very important to the country’s crop farming. Most rainfall occurs in November,
December, January and February. The least rainfall is in April when the summer
agricultural crops are mostly at maturity stage. The mean seasonal rainfall varies quite a
lot throughout the country with the minimum of 388mm recorded at Mashai, and the
maximum of 1025mm registered at Oxbow (Appendix 9.2). Seasonal rainfall recorded a
Seaka, Fort Hartley and St James with 435mm, 460mm and 464mm respectively is
considerably low. At the other end of the scale, relatively high seasona rainfall was
recorded at Ponts eng, Lekubane, Pulane and Sani Pass with 863mm, 855mm, 760mm
and 756mm respectively. As seen from the seasonal map (Fig. 5.9), less than 500mm is
recieved over the Senqu river valley (Mohale's Hoek, Quthing, Thaba Tseka and some
parts of Qacha' s Nek). The area of low rainfall especially over Qacha's Nek and Thaba
Tseka is a result of rain-shadow area caused by the Drakensberg ranges with rainbearing
winds from Indian Ocean. High seasona rainfal (> 700mm) is observed over the
northern to northeastern highlands and the foothills over the Butha Buthe, Leribe and
northern Maseru
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5.3.3.2 Dry season (May to September)
In the dry season the country is dominated by the high pressure thus resulting in little
rainfall. In the winter months May to July/August, some of the rainfal is in the form of
snow especially over the central, Northern and eastern highlands resulting mostly from
the passage of a cold front. The rainfall in the dry season makes around 15% of the total
annual rainfall. The lowest mean seasonal amounts are at Mashai, Ramats €liso,
Mokhotlong and Tsoelike with 55mm, 66mm, 68mm and 71mm respectively (Appendix
9.3). In contrast, the highest seasonal amounts are recorded at Oxbow, Lekubane and
Makoae with 176mm, 170mm and 166mm respectively. On average the country receives
around 90mm of rainfall during this period. From Fig. 5.10, the higher rainfall amounts
are evident over the northern (Leribe and Butha Buthe), central (Maseru) and southern
(Quthing) parts of the country with over 130mm of dry season rainfall. The eastern part

receive relatively low amount of dry season rainfall with less than 80mm of rainfall.
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Fig 5.10 Average dry season (May to September) amount of precipitation map of L esotho



5.3.4 High daily rainfalls

5.3.4.1 Number of dayswith daily rainfall exceeding 25mm

The increased number of days with rainfal greater than 25mm shows that an area is

prone to flash flooding caused by convective type of rainfall. This high intensity rainfall

occurs mainly in the months November to February. The number of rain days with 25mm

or more ranges from 2 to 12 days with an average of 5 days per year (Table 5.2). The area

which experience the most number of days with rainfall greater than 25mm is the

northern part of the country where stations like Oxbow, Ponts eng and Pulane recording

an average of 12, 10 and 9 days respectively (Fig. 5.11).

Table5.2 Average number of dayswith rainfall greater than 25mm

Station
Botsabelo
Butha Buthe
Fort Hartley
Hololo Coourt
Khoshane
Kolbere

L ekubane
Lelingoan
Leribe

L esobeng
LetsenglaTerai
M afeteng

M akoae
Malealea
Maphutseng
Mapoteng

M aputsoe

St John Marakabei
M ashai
Matela
Matelile

No of days

O WU RO ODODWNOWNWOO MO

Station
Matsieng
M azenod
M ¢ ametal
Mohales H
M ohlanape
Mokhotlon
Moletsane

Molimo Nthuse

M oshoesho
Mt Carmel
Mt M oor osi
Mt Olivet
Nohana
Oxbow
Paray
Peka
Pitseng
Pontseng
Pulane
Qaba
Qachas Nek

No of days
6

N~NooSoowlwobrrOONWWO O

Station
Quthing
Ramatseli
Rapase
Roma NUL
Samaria

Sani Pass
Seaka
Sebedia
Sehlabathebe
Semonkong
St James

St Martins

St Peters
Teyateyaneng
Thaba Bosiu
Thaba Khupa
Thaba Tseka
Thabana Morena
Tsilo
Tsoelike
Whitehill

No of days
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Fig 5.11 Map of average number of days with daily rainfall = 25mm per year for Lesotho

5.3.4.2 Highest daily rainfall on record

The highest daily rainfall was recorded at Sebedia, Butha Buthe and Maphutseng with

170.1mm, 142.2mm and 137.1 mm respectively. These rainfall amounts were observed

on the 13" September 1998, 19" December 1960 and 14™ February 1993 (Table 5.3).

Over 65% of stations have highest falls in January to March and 28 stations out of 62

have highest daily rainfall of greater than 200mm.




Table 5.3 Highest daily rainfall and date of occurrence for all the rainfall stations

Station
Bots abelo
Butha Buthe
Fort Hatley
Hololo Court
Khoshane
Kolbere
M akoae
L ekubane
Leribe
L esobeng
LetsenglaTerai
M afeteng
Malealea
Maphuts' eng
Mapoteng
Maputsoe
Marakabei St John
M ashai
Matela
Matelile
Matsieng
M azenod
Mejametalana
Mohale’'s Hoek
Mohlanapeng
Mokhotlong
Moletsane
Molimo Nthuse
M oshoeshoe |
Mt Carmel
Mt M oorosi

Amount

91.2
142.2
97.0
99.4
814
80.2
93.0
95.0
1180
93.8
86.0
104.5
1010
137.1
80.0
73.0
1311
160.0
87.2
88.5
102.0
9.0
89.6
107.7
88.0
76.8
85.3
118.5
1110
130.0
1100

Date

18 Feb 2001
19 Dec 1960
31 Jan 1967
21 Mar 2001
29 Jan 1999
4 Mar 2000
3 Mar 2000
23 Dec 2002
11 Feb 1983
6 Dec 1980
26 Sep 1980
21 Jan 1966
28 Jan 1977
14 Feb 1993
9 Feb 2004
9 Dec 1977
11 Nov 1966
31 Jan 1967
20 Mar 2000
20 Feb 1998
23 Jan 1991
4 Feb 1991
24 Feb 1972
21 Feb 1988
31 Jan 1967
28 Sep 1988
2 Mar 1994
27 Mar 1998
23 Jan 1991
4 Nov 1983
21 Feb 1988

Station
Mt Olivet
Nohana
Oxbow
Paray
Pitseng
Ponts'eng
Pulane
Qaba
Qacha’'s Nek
Quthing
Ramats'eliso
Rapase
Roma NUL
Samaria
Sani Pass
Seaka
Sebedia
Sehlabathebe
Semonkong
St James
St Martins
St Peters
Teyateyaneng
ThabaBosiu
Thaba Khupa
Thaba Tseka
Thabana Morena
TsSilo
Tsoelike
Whitehill

Amount

115.4
76.2
113.2
92.5
1130
9.0
121.0
85.8
106.0
1120
97.5
89.5
169.0
100.0
128.2
90.5
170.1
118.2
86.2
8.0
94.5
124.9
815
112.5
96.5
93.1
112.0
85.5
775
117

Date
20 Feb 1988
20 Feb 1988
16 May 1967
6 Apr 2000
20 Dec 1970
4 Feb 1991
29 Nov 1985
3 May 2001
6 Jan 1965
21 Feb 1988
4 Feb 1994
25 Dec 1985
12 May 1966
1 Jan 1995
20 Mar 1976
15 Mar 2000
13 Sep 1998
27 Sep 1987
4 Mar 1977
5 Jan 1984
5 Oct 1996
28 Mar 1974
6 Mar 1961
23 Aug 1981
20 Mar 2000
26 Jan 2001
22 Jan 1966
28 Nov 1997
31 Jan 1967
12 Mar 1963



54 Conclusions

Monthly rainfall varies quite a lot from month to month with the summer months
recording a relatively higher rainfall than the winter months. November to February is the
period in which rainfal is highest (over 100mm per month) in most parts of the country.
In contrast, May to September is the period of low rainfall with the monthly rainfall of
less than 30mm being recorded in the majority of the rainfall stations. January is the
wettest month while June and July are the driest months. The spatial distribution of
rainfall is such that the northern to northeastern highlands together with some parts of the
foothills in the northwestern to central parts of the country receive high rainfall amounts
in amost all the months. The Senqu River Valley recorded the lowest rainfall. There is
also a rainshadow area over the districts of Qacha's Nek, Thaba Tseka and southern
Mokhotlong caused by the Drakensberg escarpments.

The mean annual rainfall varies from 445mm in the Senqu River Valley to 1205mm over
the northern highlands. Over 80% of the rainfall falls in the wet season. Annual rainfall is
highest over the northern highlands while the Senqu River valley and the southern
lowlands receive less rainfall. Wet season (October to April) rainfall takes the same
gpatial distribution as that of the monthly and annual rainfall. The mean values started
from 388mm with the average of 610mm and the maximum of 1025mm. The dry season
(May to September) rainfal is high over the northern, central and southern parts of the
country with over 100mm of rainfall. The dry season rainfall ranged from 55mm to
176mm. In Lesotho, rainfall (its spatial and temporal distribution and amount) is very
important to the agricultural production because over 90% of the agricultural production
comes from the dryland farming. In the next chapter the agro-climatic zoning of the
maize crop using the indices derived from the temperature and precipitation parameters
will be discussed.

High daily rainfals occurrence is mostly high over the northern parts while the Senqu
River Valley experiences relatively less frequent daily rainfall greater than 25mm and
less than 50% of the stations have the highest rainfall of over 100mm. Most stations have



their highest daily rainfall in the period from January to March while there are no stations
recording highest rainfall during June/July months.

For further research, the relationship between elevation and precipitation for different
parts of the country will help in understanding more the climate of Lesotho and

interpolation of rainfal will maybe more accurate.



Chapter 6 — Agro-climatic Zoning of Maize crop
6.1 Introduction

Agro-climatological zoning is defined as thedivision of a certain area into several zones,
according to the degree of favourability for growing a given crop using climate factors
(Todorov, 1981). According to Bishnoi (1989), agro-climatological zoning is a useful
tool for agricultural planning of new lands that need to be brought under cultivation and
also for using old land resources more judiciousy. Agro-climatic classifications have
proved to be of great utility for planning and management of various agricultural and
forestry activities (Yazdanpanah et al., 2001). Agro-climatic zoning for specialised
purposes like epidemic and spread of diseases, and agro-climatic zoning of particular
crops, natural pastures etc are becoming important these days. Thisis because of the need
for quantification of agro-climatic resources suitable for potential productivity in specific

areas having optimum agro-climatic conditions (Bishnoi, 1989).

Comprehensive agro-climatic analyses may help to select the proper form of land
exploitation, thus avoiding costly failures (Bishnoi, 1989). One typical example was a
failure of the multimillion dollar peanut project near Tabora in Tanzania in the early
1950s, while another multi-million dollar failure occurred in 1980 in the Maaysian state
of Negri Sembilan whereby a huge sugar cane plantation with al the infrastructure
including the cane processing factory had to be abandoned (Todorov, 1981). During the
first half of 20" century, climatologists and agroclimatologists tried to use well-known
climatological classifications for agro-climatic zoning (Todorov, 1981). It was expected
that a crop can be introduced into a new area if the climate of this area is the same or
similar as the climate of the area of origin of the crop. Many of these attempts failed
because the climatic comparisons between a location where the crop has been
successfully grown and the proposed location cannot be based on means of climate
parameters even if these refer to fairly short ntervals of time like ten days (dekads)
(Primault, 1977). The mean is never representative, in actua fact it may be composed of
widely diverging values bu calculations of the frequencies of occurrence of specific
meteorological phenomenons should be used as a basis in determining suitable areas



(Primault, 1977). In order to obtain the desired result more quickly, it is preferable to
make use of the crop itself in determining suitability rather than to undertake rigorous
comparison of climatologica data using the annual precipitation or mean monthly

temperatures (Todorov, 1981).

To avoid a failure, before a crop (or a variety of a crop) is introduced into an area, the
agro-climatic suitability of the area for growing the crop has to be known (Todorov,
1981). Primault (1977) emphasized the fact that introduction of a new crop or of a new
variety is meaningful from an economic point of view if the crop can be grown fairly
quickly, thus the farmer should be convinced that the crop in question will reach maturity
in time to be harvested. Agro-climatological zoning of a crop is done separately for each
crop because different crops have different agro-climatic requirements and different
responses to climate. When varieties or cultivars of a given crop have different agro-
climatic requirements or lengths of growing season, the zoning should be done separately
for each variety (Todorov, 1981). In addition, suitable areas for agricultural use are
determined by an evaluation of environment components (climate, soil, and relief), and
the understanding of local biophysica restraints. In this kind of evaluation, many
variables are involved and each one should be weighting according to their relative
importance on the optimal growth conditions for the specific crops (Ceballos-Silva and
LopezBlanco, 2003). The accurate identification and the characterization of current
production areas and potential production areas are essential to successful agricultural

research and development (Ceballos-Silva and LopezBlanco, 2003).

Applications of agro-climatic zoning techniques are so wide and varied, thus it is difficult
to evolve a rationa universal method for agro-climatic zoning (Bishnoi, 1989). For
example, Y azdanpanah et al., (2001) working with almonds used the climatic indices like
probability of chilling occurrence on budding and flowering of amond and probablity of
rainfall greater than 250mm. While Bazgeer (1993), used indices like annual precipitation
of more than 300mm and ratio of autumn to annual precipitation in the zoning of wheat

for dryland farming.



Geographic information systems (GIS) have been used for the site-selection of areas such
as. recreationa activities, crop suitability, hazardous waste disposal sites and critical

areas for specific resource management and control practices (Ceballos-Silva and Lopez
Blanco, 2003). However, the GIS functionality in the management of the above areas has
been limited by the restrictions inherent in overlaying of digital information maps
(Ceballos-Silva and LopezBlanco, 2003). Some of these restrictions are: (1) overlays are
difficult to use when there are many underlying variables (more than 4), (2) the overlay
procedure does not enable one to take into account that the underlying variables are not

of equal importance (Ceballos-Silva and L opezBlanco, 2003).

The objective of this chapter is to use GIS, temperature and rainfall data presented in the
previous chapters to classify different regions of Lesotho according to their suitability for
dryland maize farming. This would be done by combining a number of rasters, weighted

by their significant impact on the growth and development of maize.

6.2 Data and Methods

6.2.1 Data

For this purpose, the temperature and precipitation paramameters of all the 30 climate
stations and 62 rainfall stations of Lesotho were collected and analysed. The spatia
distribution and period of observation for all the stations were showed in the previous
chapters (4 and 5). The input data for determining suitable areas for maize production are

the heat units, minimum temperatures, precipitation and elevation

6.2.2 Methodology

All geographic analysis was done in ArcGIS, ArcToolbox and ArcCatalog. The first step
towards this objective was determining the indices that were to be used as the site
selection for maize production. All the indices were mapped and the shape files were all
converted to rasters. The rasters were all done at the resolution of the DEM of 1km x 1km
resolution. The heat units and frost- free raster was done by merging the measured vaues



with the raster obtained from the linear regression model which correlates the values at
the stations to the elevation (Table 6.1). In order to combine the five datasets they must
al have a common scale. The rasters were reclassified to transform them into 1 common
scale. The common scale will show how suitable the particular location or each cell is for
growing maize (Mc Coy and Johnston, 2001). The rasters were reclassified into four
classes, a value of 1 would be given to factors that were unsuitable, a value of 2 to less
suitable, 3 for suitable and 4 for more conducive places for growing of maize (McCardle,
2003). Table 6.2 shows classification for all the climatic indices. Then, all shape files
were clipped to the Lesotho shapefile and also, al rasters were recalculated utilizing the
L esotho outline map.

The following suitability indices of climatic conditions were used for the selection of

suitable areasin dryland farming for maize:

1) For proper maturity, on average maize cultivars need more than 1500GDD
seasonally and thus the probability of growing degree days or heat units (POHU)
being greater than 1500GDD were determined for each station. October was taken
as the beginning of the season while April was taken as the end of the season. The
results were correlated with the elevation to give the linear regression model for
estimating areas where there were no data (Table 6.1). The areas in which POHU
is less than 40 percent were considered undesirable for growing maize and were
excluded in further investigation since heat units influence the rate at which crops

progress through their development stages from planting to maturity.

2) Since maize seedlings are damaged by frost, it is one of the important
requirements of maize to have a frost-free season Thus the probability of a frost-
free season (POFF) occurring in a season taken from October to April was
determined for every station and the results were correlated once again with
elevation to estimate the probability at unmeasured points. The areas where the

probability of a frost-free agricultural season was less than 40% was considered



3)

4)

5

not suitable for growing maize and are excluded from the fina map of suitable

areas.

Seasonal precipitation of over 500mm is one of the requirements and the
probabilities of seasona rainfall (POSR) exceeding the 500mm mark were
computed for al the stations. The season starts in October and ends in April. The
areas where the probability of a seasona rainfall was less than 40% were

considered not suitable for dryland maize production.

The occurrence of drought during the flowering to grain-filling stages is critical.
In Lesotho these stages roughly occur during the months of December for the
early planted crops through to February. The probability of a 15-day dry spell
(PODS) taking 1mm as the threshold was determined for all the stations. The
places with 80% and more probability of dry spells during that period are
considered unfavourable while those areas with less than 40% probability are

considered more suitable.

The last criterion was chosen because of the nature of the country of Lesotho. The
last index was the dope of a place due to the fact that maize production is
preferable on relatively flat surfaces. The slope was calculated in degrees. All the
areas of steep dopes (>12°) were also removed from further findings as it is

impossible to plant on steep slopes.

Table 6.1 Theregression model and square of correlation coefficient used for estimating probability
of heat units equal to or greater than 1500GDD and probability of frost-free season
(POHU=probability of seasonal heat units, POFF=probability of frost-free season, EL EV=€elevation)

Parameter Linear Regression Model Squar e of Correlation
coefficient (R?)

Probability of heat units

greater than 1500GDD POHU =-0.00102 .ELEV + 2.61 0.8061

Probability  of  frost-free

season POFF = 7.429E-04 .ELEV -1.04 0.7847




Table6.2 Thecriteria used to determinethe suitable areas to dryland maize production

Class | Parameter POHU POFF POSR PODS Slope(®)
Not Suitable (1) <04 <04 <04 =038 > 12
Less Suitable (2) 04-0.6 04-0.6 04-0.6 0.6-0.8 8-12
Suitable (3) 0.6-0.8 06-0.8 06-0.8 04-0.6 4-8
Most Suitable (4) =038 =0.8 =0.8 <04 0-4

The above indices were chosen taking into consideration the critical requirements of
maize. Once all the suitability indices were converted to raster and reclassified, a
combined raster was calculated. Using the raster calculator, weights were given to each
raster as shown in Table 6.3.

Table 6.3 Weightsused in the cal culation of suitable areas for dryland maize production in L esotho.

Par ameter POHU POFF POSR PODS Slope(°)

Weightsasaratio 0.25 0.2 0.25 0.25 0.05

The accumulated heat units, seasona rainfall and dry spell occurring at flowering are
regarded as the most important parameters and thus are given more weight followed by
frogt-free growing season and lastly the dope of a place is given the lowest weight since

it is the main contributor in the interpolation of both the heat units and frost period.

6.3 Results and Discussion

6.3.1 Probability of growing degree days= 1500GDD

The probability of receiving growing degree days of greater than or equal to 1500GDD
were zero at some places over the highlands where the mean daily temperature are most
often less than 10°C. Fig. 6.1 shows that the lowlands are conducive to planting maize
since the probability of sufficient growing degree days to be 1500 is over 80%. Implying
that 4 years out of five the growing degree days are more than 1500GDD. The southern
part of Senqu River Valey which runs along the boundaries of Mohale’' s hoek and
Quthing districts also show high probability of heat units. On average, the district of
Mokhotlong shows the least probability with less than 10% of the area being in the
second class category (40 to 60% class). The other district of low heat units is Thaba
Tseka. The probability of high growing degree days is high in Mafeteng district.
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Fig 6.1 Suitability map showing the probability of obtaining 1500GDD growing degree days
per season (1=lessthan 40%, 2=40— 60%, 3=60— 80% and 4=over 80%)

6.3.2 Probability of a frost-free season (October to April)

The areas of high frost occurrence show less probability of a frost-free season, these areas
are mostly the highlying areas. Thaba Tseka and Mokhotlong districts show the highest
ratio of areas with low probability as compared to the area of the district (Fig. 6.2). When
considering frost-free season index, the lowlands and some parts of the foothills and the
Senqu River Valley are more suitable for maize. These regions show the probability of
over 80% of the seasons (i.e. 4 out of 5 seasons) experiencing the frost-free agricultura

Season.
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Fig 6.2 Suitability map showing the probability of a frost-free season (1=lessthan 40%,
2=40-60%, 3=60— 80% and 4=over 80%)

6.3.3 Probability of seasonal Precipitation of = 500mm

The map showing the probability of seasonal rainfall of greater than or equal to 500mm
shows high probability over the northern districts (Butha Buthe, Leribe, Berea and
northern Maseru). In these areas the probability is greater than 80% (4 out of 5 seasons
cumulative rainfall is greater than 500mm) and thus showing more suitability for growing
maize when considering seasonal rainfall as the only index for determination of growing
regions (Fig. 6.3). The Senqu River Valey showed the lowest probability with some
regions recording less than 40% (i.e. more than 3 out of 5 seasons the crop would fail).
The region of class 1 includes some parts of Mohale’'s Hoek, Quthing and Thaba Tseka
districts. Cumulative rainfall over these areas is not conducive for the planting of maize
under dryland farming, but this can be compensated by applying different agricultural



practices like in-field water harvesting. Some places like Mafeteng, most of Maseru and
Mokhotlong districts fall under the 39 class implying that their probability of obtaining
sufficient rainfall is between 60 to 80% (i.e. 3 to 4 seasons out of 5 seasonal rainfal is
sufficient). This distribution will be different from year to year and thus use of seasonal
forecast to help determine the potential areas of high seasonal rainfall for a specific year.
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Fig 6.3 Suitability map showing the probability of recieving seasonal (October to April) cumulative
rain of 500mm or more (1=lessthan 40%, 2=40—-60%, 3= 60— 80% & 4= over 80%)

6.3.4 Probability of 15-day dry spell in December to February

The occurrence of dry spells during the flowering to grain-filling stages impact both yield
and the grain quality. Occurrence of a 15-day dry-spell with less than 1mm rainfall in a
day shows that Mafeteng and Mohale's Hoek are the districts which are prone to mid-
season drought. The western part of Quthing also experience frequent dry spells during



December to February. The overall probability in these areas is more than 80% (i.e. 4 out
of 5 seasons crops can yield low due to drought) (Fig. 6.4). These areas are considered
not suitable for maize due to the high frequency of dry spells. The northern districts of

Butha Buthe, Leribe and Mokhotlong are less prone to drought with the probability in
those areas being less than 40% (less than 2 out of 5 seasons). Some parts of Berea,
Thaba Tseka, Qacha's Nek and Maseru fal into the 3™ class (60 to 80%), hence

occurrence of dry-spells in the period from December to February is relatively low.
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"Fig 6.4 Suitability map showing the probability of a 15-day dryspell during December to

February (1= over 80%, 2=60 — 80%, 3= 40— 60%, & 4=lessthan 40%).

6.3.5 Slopeof an area

Since most of the country is mountainous, it is desirable to find places of relatively flat

land for the cultivation of maize. Areas with steep sopes are considered not suitable for



the planting of the maize crop; these areas are distributed all over the country. It isonly in
the lowlands where few steep slopes are found (i.e. relatively flat) (Fig. 6.5). These areas
of relatively flat land are found mostly in the districts of Mafeteng, Mohale’'s Hoek,

Maseru, Berea and Leribe towards the western border of the country.
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Fig 6.5 Suitability map showing the slope of an area

6.3.6 Agro-climatically zoned map for maize

The combined suitability map (Fig. 6.6) for growing maize under dryland farming over
Lesotho developed using al the five suitability indices using the weights shown in Table
6.3. The most suitable areas for the maize production are mostly found in Butha Buthe,
Leribe and Berea districts. The area extending from Berea to Mafeteng including Maseru
is moderately suitable for maize production using all the five indices (Fig. 6.6). All other
districts like Mohale's Hoek, Mafeteng, Quthing, Qacha's Nek, Thaba Tseka and
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Mokhotlong are considered not suitable for maize production. Mafeteng district is greatly
affected by mid-season dry-spells even though some of the other indices are satisfactory.
Mohales's Hoek is unsuitable due to the coupled effect of high frequency of dry-spells
and low seasond rainfal. The districts of Mokhotlong and Thaba Tseka are not
conducive for sustaining maize crop except a few patches of land falling under third class
(Less Suitable). The main factors in these areas are low heat units and a short frost-free
agricultural season. Qacha's Nek has areas under the second class and a few places in the
third class category. The main deterent in this district is the low temperatures which give
rise to less heat heat units and frost during the season and in some areas rainfall boththe
cumulative amount and the temporal distribution impact negatively on the maize crop.
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Fig 6.6 Final Suitability map for growing maize under dryland conditionsin Lesotho, using the heat
units(>1500GDD); frost-free season; slope; seasonal rainfall > 500mm and 15-day dry spell. (Theraw
data was supplied by L esotho Meteorological Services)



6.4 Conclusions

The suitability map for growing maize under dryland farming using each of the five
indices showed a lot of variation in suitable areas. The most important index which is that
of probability of the heat units being greater than the basic requirement of 1500GDD
showed the lowlands, some of the foothills and the Senqu River valley to be the most
suitable areas. Frost-free season probability aso showed the lowlands and the Senqu
Valley as suitable areas. All the high-lying areas experienced high probability of frost
during the season and thus are not suitable for planting maize.

Seasonal rainfall from October to April depicted the northern parts of the country a being
suitable for the maize production. Leribe, Butha Buthe and Berea were the most suitable
areas. Mohale’' s Hoek, Quthing, Qacha's nek and Thaba Tseka were less suitable for the
growth and development of maize under dryland farming. The probability of dry-spells
occurring during December to February is high over the southern lowlands districts of
Mafeteng, Mohale's Hoek and Quthing. Other areas showed moderate dry-spell
occurrence except the northern districts of Mokhotlong and Butha Buthe which
experience less frequency of dry-spells during that period. The slope index only favoured
the western parts of the country while other areas there are no clear pattern in the spatial

distribution of steep slopes.

To find the suitable areas for the maize production under dryland farming, al the indices
were overlaid using the weights shown in Table 6.3 whereby the probability of heat units,
probability of seasonal rainfall and the probability of drought were given higher weight
of 0.25 each while the frost-free season and slope were given 0.2 and 0.05 respectively.
The resultant map shows that Butha Buthe, Leribe and Berea are the most suitable areas
for the planting of the maize crop. Most of Maseru district is moderately suitable for
maize except for the highlands towards the east. Some part of Mafeteng district is
favourable for maize while most area is unfavourable due to the effects of drought. Thaba
Tseka and Mokhotlong were the least suitable districts when using the above- mentioned
model. Mohae's Hoek, Quthing and Qacha’'s Nek have small area which can be



considered for planting maize under dryland farming. Places like Mafeteng, Mohale's
Hoek, Quthing and Qacha's Nek fall under the less suitable to suitable class. Finaly, it
can be concluded that using the seasonal rainfall, occurrence of dry-spells during the
flowering to grain-filling stage, seasonal growing degree days, frost- free season and the
slope of an area as the indices for determining the degree of favourability of growing
maize under dryland farming in Lesotho, Butha Buthe, Leribe and Berea are the most
suitable areas. Mokhotlong and Thaba Tseka are the least suitable areas while other
districts fall between less suitable to moderately suitable areas. Thus it can be concluded
that maize can be successful in some areas but most parts of the country of Lesotho are

not suitable for growing maize under dryland farming.

The generated maps will be different for cultivars that have shorter growing season to
maturity (heat units requirements will be lower as well as the rainfall requirements) and
thus in the future suitability maps can be generated using different culitivars to be used

by the farming community.

For further research it will be important to incorporate factors like soils characteristics of
areas, other climatic factor like evapotranspiration and landuse factor in the determination
of the suitable areas for maize production. Incorporation of seasona forecasts in the
model for that particular season can be of help to the agricultural community in the
determining the effect it will have in the degree of favourability. Finally, suitability maps
of other crops should be investigated in order to maximise the agricultural production in

the country.



Chapter 7 - Conclusions

The meteorological data of Lesotho including daily rainfall, daily maximum and
minimum temperatures were used in the analysis of this study. The data was used in the
determination of climatic indices which are important to crop farming especially that of
maize. The monthly values were caculated to investigate both the spatial and tempora
variations which is important in the determining the agricultural activities. Of great

importance are the seasonal values of the heat units, rainfall and the frost occurrence.

These data had some missing daily values and these made the analysis difficult as some
of the important climatic events will be over or underestimated. Patching of these
temperature datasets was done using the UK method whereby the monthly means at the
stations are compared with the neighbouring stations and a linear model is developed for
a given month for maximum and minimum temperatures. Rainfall data was patched using
the Inverse Distance (ID) method whereby the value at the station is estimated using
nearby stations giving higher weights to the nearest station. The statistical evauation
using selected stations showed that both methods performed quite well. The average
MAE for the stations was mostly below 1.8°C for daily minimum temperatures and 1.6°C
for the daily maximum temperatures. The KS test also showed that the generated monthly
values and the measured monthly temperatures difference were not dtatistically
significant with the 5% confidence interval. The ID method of patching rainfall data gave
a good estimate as evidenced by the selected stations which showed an average MAE of
less than 2mm. The K S test showed the generated monthly values as being a good match
to measured values with few exceptions especidly in the dry months where small
difference in the values were shown to be significant. On the whole the patching methods

were good.

Minimum temperatures are one of the most important meteorological parameters to the
agriculture sector in particular crop farming in Lesotho. This is caused by the high
atitude of many areas in the country and thus low temperatures tend to be the decisive

factor on which plants can be grown in the area. Maximum temperatures variability is



important even though in Lesotho there is no great threat of extremely high temperatures
as temperatures rarely exceeds 33°C. The results show high temperatures over the
lowlands and extremely low temperatures over the high-lying areas. Heat units also
biased towards low-1ying areas with the highlards receiving relatively low accumulated
heat units. Seasonal heat units over the highlands were less than 1000DD while the low
lying areas recorded over 1800DD. As for frost occurrence, its first day is as early as
March over the highlands and in the lowlands it can set as late as June. The last day of
frost is dso late (November) over the high-lying areas while low-lying areas cessation of
frost is early (August), thus making the duration of frost higher over the highlands with

over 200 days at some places.

Rainfall variability over the country is one of the most critical meteorological parameter
to dryland farming. Since over 90% of the maize is produced in the dryland farming in
L esotho, cumulative amount and the distribution of rainfall during the season is important
for the success of the crops. Cumulative seasonal rainfall varies from season to season,
some seasons are characterized by alot of dryspells resulting in less than average rainfall
while in other seasons is characterized by many rain-producing systems resulting to
above average rainfall. On the whole high rainfall is obtained over the northern to
northeastern parts of the country in the districts of Butha Buthe and Mokhotlong. In these
areas monthly rainfall can go as high as 170mm during the December to February months
while the wet season rainfall of over 900mm can be recieved. Also having high rainfall
are the foothills of Maseru, Berea, Leribe and Butha Buthe, these areas are evident in all
the rainfall maps forming a ‘tongue’ extending from Butha Buthe to northeastern Maseru.
Areas of low rainfall are at the Senqu river valley at the boundary of Mohale’s Hoek and
Quithing districts and also at Qacha s Nek, Thaba Tseka and Mokhotlong which forms the
rain-shadow area behind the Drakensberg escarpments. The highest rainfall is during the

period of December to February while low rainfall is received in May to August.

Agro-climatical zoning of maize in Lesotho has to be performed due to the importance of
maize as a staple food in the livelihood of the Basotho nation. Climatic indices calculated

from the daily maximum, daily minimum and daily rainfall data were created. The



suitability indices for determining the potential growing areas of maize under dryland
farming in Lesotho were (1) the probability of the October to April heat units being
greater than or equal to 1500GDD, (2) the probability of afrost-free growing season from
October to April, (3) the probability of a cumulative rainfal from October to April being
greater or equal to 500mm, (4) the probability of getting a mid-season 15-day dry-spell
during December to February and (5) the slope of an area. The probability of heat units
= 1500GDD was high over the low-lying areas and the mountain region had relatively
low probability. More or less the same spatia distribution was obtained for the frost-free
season probability. The probability of seasonal precipitation of greater than 500mm is
low over the Senqu river valley and high over the northern districts of Butha Buthe,
Leribe, Berea and northern Maseru. The probability of a 15-day dryspell was high over
Mafeteng and Mohale’'s Hoek districts making less suitable for maize production while
low probability of dry-spells is evident over Leribe, Butha Buthe and Mokhotlong. On
average the districts of Mafeteng, Leribe, Butha Buthe, Maseru, Berea, Mohale's Hoek
and Maseru relatively flat which make them conducive for crop farming. The combined
suitability map for growing maize under dryland farming over Lesotho depicted Butha
Buthe, Leribe and Berea districts as having areas where maize crop can perform using the
above-mentioned climatic indices. Maseru, some parts of Berea and Mafeteng showed
moderately suitable conditions while the other districts have less area in which maize can
thrive. Hence, one can conclude that maize can be grown well in some areas over the
country of Lesotho even though the total area of suitable places are less than 1/3 total size

of the whole country.
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APPENDICES
Appendix 1. Statistics (mean, median, skewness, 10" percentile, 20" percentile, 80"

percentile and 90" percentile) for measured and generated monthly minimum
temperatures

1.1 Leribe cctual and generated monthly minimum temperature (°C) statistics

Jan | Jan* | Feb | Feb* Mar Mar* | Apr | Apr* | May May* | Jun Jun*
Mean 138 | 138 | 13.2 | 133 11.0 11.2 7.2 7.3 2.4 2.5 -1.5 -1.8
Median 13.7 | 138 | 134 | 133 11.0 11.1 7.2 7.2 2.5 2.5 -1.7 -1.8
Skewness 0.2 0.2 0.3 0.2 0.2 0.2 0.3 0.3 0.3 0.2 0.2 0.2
10mper ce. 126 | 125 | 114 | 120 9.2 10.0 5.0 5.7 0.8 1.4 -2.9 -2.8
20mper ce. 133 | 130 | 123 | 126 10.1 105 5.8 6.3 1.3 1.8 2.4 2.4
80mperce. 145 | 146 | 143 | 141 12.0 11.9 8.3 8.5 3.4 3.3 -0.5 -1.2
90mper ce. 148 | 148 | 151 | 148 125 125 8.6 8.7 4.2 3.5 -0.1 -0.7

Jul Jul* | Aug | Aug* | Sep Sep* Oct | Oct* | Nov Nov* | Dec Dec*
Mean -1.8 | -1.6 1.4 0.9 5.8 5.8 9.1 9.1 109 10.7 12.6 12.5
Median 0.2 0.2 0.2 0.2 0.3 0.2 0.3 0.2 0.2 0.2 0.2 0.2
Skewness 0.5 0.6 0.7 0.2 -0.7 -0.5 -1.2 -1.4 0.4 0.6 -0.5 -0.5
10"perce. 32| 30| 00| -07 3.8 45 [ 71| 76 9.7 95 114 112
20mperce. 27| -2.8 0.4 0.2 5.0 5.0 8.3 8.5 10.0 9.9 11.7 11.6
80mperce. -06 | -1.0 2.4 1.7 7.1 6.7 10.2 10.0 115 11.6 135 13.1
90mperce. 0.2 0.0 2.7 2.3 7.4 7.7 10.6 105 12.6 12.1 13.8 13.3

Jan = January
Jan* = Generated January Value

1.2 Mohale€' sHoek actual and generated monthly minimum temperature (°C) statistics

Jan | Jan* | Feb | Feb* Mar | Mar* | Apr | Apr* | May | May* | Jun Jun*

Mean 143 142 | 141 13.8 11.8 119 8.4 8.6 4.6 4.8 1.2 1.6

Median 142 | 141 [ 140 13.9 11.9 12.0 8.5 8.5 4.5 4.7 1.0 15

Skewness 0.3 0.6 1.0 -0.2 -0.5 -0.3 -0.3 | -0.2 0.2 -0.6 0.7 -0.4

10"per ce. 131 ) 133 | 131 12.2 9.9 9.9 6.8 6.8 3.2 4.0 -0.1 -0.8

20"per ce. 134 | 135 | 132 13.1 10.8 10.6 7.1 7.1 3.7 4.2 0.1 0.5

80""per ce. 151 | 149 [ 149 144 12.7 12.9 9.6 9.9 52 5.6 2.1 2.7

90"perce. | 160 | 153 | 152 | 154 | 130 [ 138 98 | 10.1 6.5 5.9 3.2 3.4

Jul Jul* | Aug | Aug® | Sep | Sep* Oct | Oct* | Nov Nov* | Dec Dec*

Mean 14 1.2 3.6 3.8 6.9 7.2 9.5 9.7 114 115 134 134

Median 1.2 1.3 3.5 3.7 6.8 7.4 9.8 9.9 11.6 115 13.3 134

Skewness 0.8 -1.4 0.2 -0.1 0.0 -0.7 -0.7 | -1.2 -0.2 1.0 0.9 0.6

10"per ce. -0.1 [ -01 2.0 15 4.7 5.6 6.7 7.8 9.8 10.6 115 12.0

20"perce. | 0.3 | 0.3 2.7 25 57 6.2 82 | 9.0 105 | 107 124 | 126

80"perce. | 29 | 25 4.5 53 8.1 8.3 105 | 108 | 124 | 122 141 | 141

90"per ce. 3.8 2.9 4.7 5.7 8.5 8.9 114 | 112 13.2 12.9 15.0 14.8

* denotes Gener ated



1.3 Mokhotlong actual and generated monthly minimum temperature (°C) statistics

Jan | Jan* Feb | Feb* Mar | Mar* | Apr | Apr* May | May* Jun | Jun*

Mean 109 | 110 | 105 10.3 9.1 8.8 4.7 4.8 0.5 0.6 -3.1 -2.9

Median 109 ( 109 | 103 10.5 8.7 9.0 5.1 54 0.5 0.8 -3.1 -2.8

Skewness 0.1 -0.7 0.5 -0.8 3.3 -0.4 -0.6 -1.1 -0.3 -0.4 0.2 -0.4

10™per ce. 9.5 9.7 8.4 8.2 6.7 6.6 2.5 2.5 -1.3 -1.1 -4.5 -55

20"per ce. 9.9 [ 101 9.6 8.8 7.6 7.8 35 34 -0.5 -0.7 -3.9 -4.2

80"perce. | 116 | 121 [ 115 117 9.8 10.1 5.9 5.8 1.7 1.6 -2.0 -1.6

90"perce. | 124 | 122 [ 121 124 10.5 10.7 6.4 6.0 2.0 1.9 -1.4 -0.9

Jul Jul* | Aug | Aug* Sep | Sep* Oct | Oct* Nov | Nov* Dec | Dec*

Mean 32| -28 | -02 0.3 3.9 4.0 6.7 6.9 8.3 8.1 9.5 9.2

Median 31| -26 | -03 0.0 3.8 4.0 6.9 7.1 8.2 7.9 9.7 9.2

Skewness | 0.1 | -0.3 0.9 0.7 0.3 0.1 -0.8 -0.9 -0.1 0.9 -1.0 -0.2

10™per ce. 51 50 | -1.7 -2.2 1.8 2.5 4.1 51 6.7 6.4 8.1 7.8

20"per ce. 42| -42 | 0.7 -1.2 2.8 3.0 5.4 6.1 7.5 7.1 8.8 8.3

80"per ce. 20| -1.6 0.5 1.7 5.0 5.2 7.9 7.9 9.5 9.1 10.7 | 100

90"per ce. -1.4 ] -13 1.5 25 5.7 5.7 8.2 8.2 9.8 9.9 11.0 | 106

* denotes Generated

1.4 Moshoeshoe | actual and generated monthly minimum temperature (°C) statistics

Jan | Jan* Feb | Feb* Mar | Mar* | Apr | Apr* May | May* Jun | Jun*

Mean 149 | 147 | 144 14.1 12.7 125 9.0 8.9 4.4 4.2 1.0 1.2

Median 150 [ 147 | 140 14.0 12.8 12.3 9.1 9.3 4.3 4.3 0.7 1.2

Skewness 0.1 -0.4 0.2 -0.3 14 0.2 -0.7 -0.5 0.0 -1.7 1.0 0.5

10™perce. | 140 | 135 | 126 | 121 | 112 | 109 | 70 | 71 | 31 22 | 01| -01

207perce. | 141 | 142 | 138 | 135 | 118 | 117 | 83 | 80 | 39 | 3.7 | 02 | 02

80"per ce. 157 | 154 | 156 15.1 135 13.6 10.0 9.8 55 4.9 1.8 1.9

90Mperce. | 159 | 156 | 163 | 158 | 145 | 142 | 103 | 103 | 59 | 54 | 25 | 29

Jul Jul* | Aug | Aug* Sep | Sep* Oct | Oct* Nov | Nov* Dec | Dec*

Mean 0.8 0.7 3.7 3.9 7.5 7.7 104 | 103 12.2 12.2 138 | 137

Medi an 0.6 0.6 3.6 3.8 7.7 7.6 105 | 103 11.9 12.3 138 | 138

Skewness 0.0 0.2 0.8 0.8 -0.1 0.3 -0.1 -0.3 0.8 04 -0.5 -0.4

10™perce. -0.7 ] -1.0 2.6 25 6.2 6.2 9.1 8.8 10.9 11.0 124 | 120

20"perce. | 01 | 02 | 27| 28 | 67 | 68 | 94 | 94 | 113 | 112 | 131 | 127

80"per ce. 1.6 2.4 4.3 51 8.3 8.7 11.1 11.0 134 131 14.6 144

90™per ce. 25 2.5 54 5.9 9.1 9.5 11.7 115 14.2 13.9 14.9 151

* denotes Generated




1.5 Qacha’s Nek actual and generated monthly minimum temperature (°C) Statistics

Jan | Jan* Feb | Feb* Mar | Mar* | Apr | Apr* May | May* Jun | Jun*
Mean 125 124 | 123 121] 113 113 8.1 8.0 5.0 49| 24 2.2
Median 125 125 | 123 122] 110 111( 8.1 7.8 4.9 48| 25 2.2
Skewness 0.1 -0.7] 01 -0.2 3.2 02| -01 0.2 0.1 -01| -0.2 0.1
10"perce. 115 114 | 108 10.7 9.8 9.8| 6.8 6.4 3.8 37| 1.0 1.0
20"perce. 11.8 116 | 113 108| 10.1 105( 7.0 6.7 4.3 43| 13 1.2
80"per ce. 13.0 132 | 134 134] 116 122 9.2 9.3 5.8 56| 34 3.0
90"per ce. 136 133 | 137 136] 121 125 9.6 9.6 6.3 6.2| 3.6 3.7

Jul Jul* Aug | Aug* | Sep | Sep* Oct | Oct* Nov | Nov* Dec | Dec*
Mean 2.1 19| 4.2 4.0 6.9 70| 85 8.2 9.9 9.8| 116 116
Median 1.8 20| 41 3.8 7.0 71| 86 8.4 9.7 9.8| 118 117
Skewness 0.5 -04] 0.2 03] -05 -05| -0.8 -0.9 0.3 -14( -04 -0.3
10"perce. 0.5 01 28 2.4 5.0 49 7.1 6.9 8.4 85| 10.3 104
20"per ce. 1.0 10| 31 3.3 5.8 6.3| 8.0 7.3 9.1 9.0| 108 10.8
80"per ce. 31 28| 5.1 4.9 7.8 81| 94 9.0| 1038 109 | 122 123
90"per ce. 3.8 34| 538 6.1 8.0 84| 99 9.7| 114 114 | 128 12.7

* denotes Generated




Appendix 2: Statistics (mean, median, skewness, 10" percentile, 20" percentile, 80"
percentile and 90" percentile) for measured and generated monthly maximum
temperatures

2.1 Leribe actual and generated monthly maximum temperature (°C) statistics

Jan | Jan* Feb | Feb* Mar | Mar* | Apr | Apr* May | May* Jun | Jun*

Mean 217 2716 | 270 268 244 252 | 225 223 | 195 194 | 164 16.3
Median 215 2715 | 26.6 266( 252 251 | 22.7 225 192 191| 164 16.2
Skewness 0.2 02| 0.7 02| -4.0 02| -03 -0.3 0.2 06| 02 0.2

10™per ce. 25.7 257 | 247 249 237 23.8| 201 199| 181 178 | 152 15.0

20"per ce. 26.1 264 | 255 252 242 241| 203 20.7| 183 184 | 159 154

80"per ce. 29.7 29.1 | 286 286( 265 26.0| 239 243 | 206 205 16.8 17.2

90"per ce. 30.3 29.8 | 305 208 269 269 | 24.0 246 218 21.3| 178 17.6

Jul Jul* Aug | Aug* | Sep | Sep* Oct | Oct* Nov | Nov* Dec | Dec*

Mean 16.6 165 | 193 192| 226 224 241 240 253 254 | 26.7 26.6
Median 17.0 165 | 192 194| 224 225| 241 242 | 248 250 26.7 26.5
Skewness -1.9 -1.1( -0.2 -1.1 0.0 -0.3| -0.3 -0.5 0.7 10| 0.2 0.2

10™per ce. 15.2 156 | 169 170| 203 201 | 222 22| 234 23.8 | 24.6 24.8

20"per ce. 16.0 15.7 | 187 184| 210 21.0| 231 231 | 241 240 252 25.2

80"per ce. 17.6 174 | 201 200 247 240| 252 250 2638 265| 282 28.2

90" per ce. 18.0 178 | 213 205( 249 246| 258 255 280 276 | 290 28.9

* denotes Generated

2.3 Mohale’sHoek actual and generated monthly maximum temperature (°C) Statistics

Jan | Jan* Feb | Feb* Mar | Mar* | Apr | Apr* May | May* Jun | Jun*

Mean 285 | 285 | 281 27.8 254 25.3 223 | 224 18.9 18.9 16.0 | 160

Median 282 | 285 | 278 274 25.1 24.9 215 | 217 18.9 18.8 156 | 158

Skewness 0.1 0.0 0.1 0.2 1.0 1.0 0.6 04 -0.5 0.6 0.5 0.6

10™perce. | 259 | 258 [ 255 254 23.1 23.7 19.7 | 202 17.2 17.8 143 | 149

20"perce. | 266 | 269 | 265 26.1 24.0 24.1 207 | 208 18.3 18.1 148 | 152

80"perce. | 303 | 303 [ 29.8 29.9 26.9 264 | 246 | 244 | 200 19.6 177 | 16.7

90"perce. | 309 | 307 [ 309 31.0 28.8 284 254 | 251 20.3 20.3 182 | 175

Jul Jul* | Aug | Aug* Sep | Sep* Oct | Oct* Nov | Nov* Dec | Dec*

Mean 162 | 163 | 186 18.6 22.2 224 245 | 245 25.8 25.8 216 | 217

Median 160 | 162 | 185 18.7 22.2 22.3 247 | 247 25.2 254 215 | 274

Skewness 0.7 0.2 -0.4 -1.0 0.0 0.0 -1.1 -0.6 1.1 1.2 0.0 0.0

10™perce. | 148 | 150 [ 164 16.5 20.2 204 220 | 220 23.8 24.2 251 | 253

20"perce. | 149 | 153 [ 176 175 204 20.6 237 | 238 245 24.7 260 | 26.2

80"perce. | 179 | 177 [ 196 19.8 23.9 24.1 257 | 254 271.3 27.1 294 | 29.2

90"perce. | 185 | 178 [ 203 20.2 24.4 24.3 263 | 264 284 28.1 305 | 304

* denotes Generated




2.4 Mokhotlong actual and generated monthly maximum temperature (°C) statistics

Jan | Jan* Feb | Feb* Mar | Mar* | Apr | Apr* May | May* Jun | Jun*

Mean 249 | 243 | 243 23.7 21.9 224 198 | 196 16.5 16.7 138 | 143

Median 247 | 241 | 244 235 22.3 22.6 196 | 194 16.6 16.6 138 | 143

Skewness 0.2 0.1 -0.2 -0.1 -4.0 -0.9 -0.6 -0.4 -0.5 0.1 0.5 0.6

10Mperce. | 232 | 227 [ 226 215 20.9 214 172 | 181 14.8 155 123 | 130

20"perce. | 236 | 235 [ 228 22.4 22.0 21.7 18.7 | 185 15.8 16.0 13.0 | 132

80"perce. | 264 | 256 [ 26.1 25.6 23.6 230 [ 213| 210 174 175 147 | 154

90"perce. | 269 | 263 [ 26.3 25.8 23.7 23.2 219 | 212 17.8 17.7 152 | 158

Jul Jul* | Aug | Aug* Sep | Sep* Oct | Oct* Nov | Nov* Dec | Dec*

Mean 142 | 145 | 166 16.3 19.9 19.3 214 | 210 22.4 21.9 233 | 234

Median 141 | 149 | 167 16.3 20.3 194 | 214 | 212 22.2 21.6 236 | 233

Skewness 0.2 -04 | -05 -0.1 -0.7 -0.2 0.1 -0.4 0.7 -0.2 -3.1 -0.1

10™perce. | 130 | 134 [ 146 14.3 17.3 171 196 | 199 20.9 20.9 216 | 215

20"perce. | 136 | 136 [ 153 15.2 18.6 17.2 203 | 20.0 21.4 21.1 21| 221

80"perce. | 151 | 153 | 17.7 17.7 21.3 211 23| 221 23.7 22.6 253 | 247

90"perce. | 154 | 158 [ 186 184 21.8 21.3 233 | 227 24.3 23.3 258 | 250

* denotes Generated

2.4 Moshoeshoe | actual and generated monthly maximum temperature (°C) statistics

Jan | Jan* Feb | Feb* Mar | Mar* | Apr | Apr* May | May* Jun | Jun*

Mean 217 | 2714 | 26.6 26.5 24.9 25.0 221 | 220 19.0 19.1 155 | 158

Median 215 | 271 | 265 26.4 24.8 24.7 227 | 226 19.3 18.7 153 | 157

Skewness 0.1 0.1 0.1 0.1 0.6 0.3 -0.1 -0.1 0.3 0.7 0.6 0.5

10™perce. | 256 | 252 [ 240 24.2 23.0 23.2 195 | 195 17.7 17.8 142 | 143

20"perce. | 260 | 257 | 249 24.6 24.1 23.5 202 | 201 17.9 18.1 145 | 149

80"perce. | 298| 295 | 284 28.2 25.6 26.3 241 | 238 20.4 20.1 164 | 166

90"perce. | 30.0 | 296 [ 30.0 29.7 27.0 27.1 244 | 242 20.7 21.3 174 | 175

Jul Jul* | Aug | Aug* Sep | Sep* Oct | Oct* Nov | Nov* Dec | Dec*

Mean 159 162 | 186 185 21.9 21.7 239 | 238 25.3 25.0 267 | 264

Median 159 [ 16.0 | 186 18.7 21.2 21.0 | 239 | 239 24.9 24.6 269 | 263

Skewness 0.6 0.2 -0.4 -0.7 0.1 0.2 0.0 -0.3 0.6 0.5 0.2 0.2

10™perce. | 147 | 148 [ 167 16.6 19.6 194 216 | 215 23.1 22.9 239 | 236

20"perce. | 151 | 153 [ 175 174 20.6 20.5 224 | 222 235 23.2 249 | 251

80"perce. | 170 | 174 [ 196 19.3 24.2 24.0 250 | 250 27.2 26.7 288 | 283

90"perce. | 177 | 177 [ 201 19.9 24.8 24.6 259 | 255 28.2 2715 20.7 | 294

*denotes Generated




2.5 Qacha’ s Nek actual and generated monthly maximum temperature (°C) statistics

Jan | Jan* Feb | Feb* Mar | Mar* | Apr | Apr* | May | May* | Jun | Jun*

Mean 250 | 246 | 243 23.9 22.8 22.8 206 | 202 174 17.6 142 | 149

Median 252 | 243 | 243 24.0 22.7 22.8 206 | 205 17.3 175 139 | 147

Skewness 0.1 0.1 -0.3 -0.3 0.1 0.5 -0.4 -0.2 0.8 0.3 0.2 0.8

10™perce. | 234 | 228 [ 222 21.8 21.2 21.6 178 | 179 15.8 155 127 | 134

20"perce. | 236 | 236 | 231 22.6 21.8 22.2 188 | 183 16.1 16.3 131 | 138

80"perce. | 259 | 259 [ 258 25.3 24.0 23.3 221) 219 18.4 185 154 | 163

90"perce. | 276 | 270 [ 269 254 24.2 240 | 224 | 224 19.3 194 16.0 | 165

Jul Jul* | Aug | Aug* Sep | Sep* Oct | Oct* Nov | Nov* Dec | Dec*

Mean 146 | 145 | 170 17.2 20.1 20.2 212 | 212 22.4 22.1 244 | 238

Median 145 | 148 | 172 174 20.0 200 | 210| 209 22.2 22.2 244 | 237

Skewness | 06 | -21 | -0.6 -0.6 0.2 0.3 0.1 -0.2 04 0.7 -0.2 0.2

10Mperce. | 128 | 127 [ 144 14.7 18.3 18.2 193 | 201 21.0 20.7 21.8 | 222

20"perce. | 139 | 140 [ 158 15.6 19.1 18.7 202 | 203 21.1 21.2 230 | 226

80"perce. | 158 | 157 [ 185 18.6 214 215 20| 224 | 236 23.1 263 | 250

90"perce. | 163 | 160 [ 19.3 195 22.0 220 | 235| 230 24.3 23.8 265 | 262

* denotes Generated




Appendix 3: Statistics (mean, median, skewness, 10" percentile, 20" percentile, 80"
per centile and 90™ percentile) for measured and generated monthly rainfall

3.1 Leribe actual and generated monthly rainfall (mm) statistics

Jan Jan* | Feb Feb* Mar Mar* | Apr Apr* | May | May* | Jun Jun*
Mean 106.5 | 1100 [ 98.3 97.6 102.2 | 93.7 53.8 52.6 21.7 233 9.6 10.6
Median 98.6 89.9 930 | 103.7 | 821 91.1 46.7 45.6 11.9 19.9 5.0 5.7
Skewness 1.0 15 14 0.2 2.1 0.7 0.8 0.6 1.0 1.0 1.8 1.7
10thper ce. 36.0 47.7 375 46.5 40.9 48.2 0.0 10.2 0.0 0.1 0.0 0.0
20”‘per ce. 49.7 51.8 51.9 58.6 514 56.2 145 20.9 0.0 1.9 0.0 0.1
80”‘per ce. | 150.0 | 143.6 | 126.8 | 1379 | 1326 | 1336 | 919 86.1 384 435 19.9 18.2
90thper ce. | 1944 | 2415 | 166.1 | 155.7 | 184.4 | 164.6 | 121.5 | 106.4 | 62.6 63.0 23.0 294
Jul Jul* Aug | Aug* Sep Sep* Oct Oct* Nov | Nov* Dec | Dec*
Mean 5.9 7.0 20.7 245 26.3 27.0 69.4 68.9 92.0 99.7 87.6 93.7
Median 1.3 3.5 4.7 10.1 14.2 159 63.7 71.2 88.1 98.1 82.2 97.8
Skewness 2.0 15 1.1 0.8 2.3 2.0 0.7 0.2 0.5 0.1 14 0.0
10thperoe. 0.0 0.1 0.0 0.0 0.0 14 135 25.0 36.6 44.6 38.1 51.6
20”‘peroe. 0.0 0.3 0.0 0.1 0.7 3.8 28.0 274 52.3 67.7 52.9 60.4
80”‘per ce. 11.0 11.7 49.6 54.3 40.2 313 106.9 | 113.8 | 130.9 | 1359 | 117.9| 123.2
90™perce. 20.1 253 74.1 68.6 102.8 | 1044 | 143.0 | 119.0 | 1549 | 166.1 | 131.2 | 138.0
* denotes Gener ated
3.2 Mohale'sHoek actual and generated monthly rainfall (mm) statistics
Jan Jan* | Feb Feb* Mar Mar* | Apr Apr* | May | May* | Jun Jun*
Mean 1111 | 943 93.5 87.3 97.0 83.6 60.9 58.0 21.6 32.2 20.5 19.6
Median 108.4 | 829 65.9 67.9 84.7 68.8 45.2 375 16.6 30.1 12.8 164
Skewness 0.4 0.7 1.3 0.7 1.7 1.0 1.0 2.0 1.7 14 0.9 0.4
10"perce. | 343 | 439 | 311 | 244 | 455 | 446 | 37 91 | 00| 05 00 | 00
ZOmper ce. 47.4 52.8 40.7 31.3 56.7 55.8 12.2 204 0.3 4.2 1.8 3.1
80mper ce. | 168.9 | 146.2 | 1545 | 149.7 | 135.6 | 119.6 | 99.0 78.9 36.6 50.0 40.7 345
90mper ce. 198.1 | 167.4 | 206.7 | 165.8 | 158.7 | 147.0 | 1644 | 180.3 | 60.8 56.0 55.2 42.3
Jul Jul* Aug | Aug* Sep Sep* Oct Oct* Nov | Nov* Dec | Dec*
Mean 10.8 9.0 284 22.6 41.6 45.0 64.7 82.4 832 | 101.1 | 1049 | 86.6
Median 3.9 3.0 51 4.4 28.6 30.3 46.0 61.7 77.6 77.7 93.2 95.0
Skewness 2.1 1.7 1.4 1.1 1.2 0.8 1.0 1.1 14 1.3 0.8 0.1
10"perce. | 0.0 0.0 0.0 0.0 0.1 1.4 35 58 | 209 | 247 | 263 | 302
20"perce. | 0.0 04 [ 00 | 01 37 [ 163 | 195 | 153 | 367 | 493 | 428 | 404
80mper ce. 18.3 175 72.7 52.1 79.2 89.9 1247 | 122.8 | 109.6 | 153.3 | 160.2 | 124.6
90mper ce. 37.1 29.6 91.7 79.5 122.4 | 1025 | 1545 | 213.0| 189.5| 246.3 | 2158 | 147.0

* denotes Generated




3.3 Mokhotlong actual and generated monthly rainfall (mm) statistics

Jan Jan* | Feb Feb* | Mar Mar* | Apr | Apr* | May | May* | Jun Jun*

Mean 93.4 973 | 829 85.6 79.0 67.1 322 | 373 | 121 | 180 7.8 9.3

Median 90.0 90.8 69.3 76.0 | 652 58.5 33.7 [ 349 7.3 14.0 4.3 3.7

Skewness 1.0 1.6 0.8 0.8 3.2 0.8 0.3 1.4 0.9 0.8 1.4 2.2

10Mperce. | 49.3 576 | 416 | 407 22.6 30.2 7.3 17.6 0.0 0.0 0.0 0.0

20"per ce. 54.6 68.1 50.6 631 | 427 414 151 | 202 0.0 1.0 0.0 0.3

80"perce. | 117.5| 119.8 | 116.1 | 111.1 | 106.5 | 107.9 | 470 | 489 | 220 | 394 158 | 16.2

90"perce. | 161.0 | 136.6 | 145.8 | 146.3 | 114.6 | 1285 | 604 [ 59.3 | 368 | 438 264 | 302

Jul Jul* Aug | Aug* Sep Sep* Oct | Oct* Nov | Nov* Dec | Dec*

Mean 3.1 53 18.8 19.3 30.0 29.8 724 | 669 | 734 | 765 810 | 821

Median 0.0 1.6 13.3 10.7 113 134 | 592 | 632 | 80.0 [ 801 708 | 725

Skewness 1.6 1.9 1.0 2.0 2.9 1.8 0.9 0.5 -0.6 0.0 0.3 1.0

10™per ce. 0.0 0.0 0.0 0.1 0.5 2.8 245 | 150 | 274 | 228 46.7 | 533

20"per ce. 0.0 0.0 0.2 0.7 3.4 6.9 279 | 226 | 433 | 360 550 | 59.6

80"per ce. 8.3 108 | 451 323 | 450 521 1022 | 864 | 947 | 106.3 [ 120.2 | 101.6

90"per ce. 12.0 163 | 594 63.3 86.2 | 103.2 | 153.6 | 131.5 | 110.2 | 124.2 | 137.0 | 136.7

* denotes Generated

3.3 Moshoeshoe | actual and generated monthly rainfall (mm) statistics

Jan Jan* | Feb Feb* Mar Mar* | Apr Apr* | May | May* | Jun Jun*

Mean 1255 | 111.1 | 1174 | 1075 | 1204 | 1106 | 488 484 | 247 | 229 118 9.5

Median 1141 | 96.0 88.3 | 846 97.9 82.6 40.8 391 | 122 | 134 7.4 5.6

Skewness 0.9 0.6 0.8 0.9 0.5 0.9 0.6 0.7 1.2 1.3 0.7 1.0

10™per ce. 245 193 | 482 38.6 48.6 54.2 4.2 7.5 0.0 0.0 0.0 0.0

20"per ce. 50.3 48.9 61.0 | 542 63.7 62.3 15.2 131 11 1.6 0.0 0.2

80"perce. | 197.8 | 201.8 [ 204.2 | 173.9 | 188.4 [ 170.9 | 874 96.6 | 513 | 405 257 | 187

90"perce. | 287.9 | 233.3 [ 235.2 | 223.3 | 230.1 | 218.2 [ 109.7 | 1133 | 681 [ 704 330 | 273

Jul Jul* Aug | Aug* Sep Sep* Oct Oct* Nov | Nov* Dec | Dec*

Mean 7.2 7.4 24.9 22.5 29.9 29.3 75.8 741 | 829 | 810 99.3 | %44

Median 25 3.2 17.8 12.9 174 175 73.6 791 | 796 | 790 |1052| 935

Skewness 1.5 1.5 0.9 1.0 15 15 0.2 0.0 0.6 04 0.6 0.9

10™per ce. 0.0 0.0 0.0 0.0 0.2 0.0 7.1 6.7 175 | 163 275 | 323

20"per ce. 0.2 0.0 0.2 0.8 0.9 1.4 28.5 212 | 361 | 343 458 | 50.9

80"per ce. 153 151 544 | 492 55.3 539 | 118.7 | 114.7 | 132.6 | 116.0 | 132.4| 127.9

90"per ce. 22.5 235 59.2 60.5 77.3 886 | 133.7 | 137.2]168.1| 1577 | 210.2| 210.9

* denotes Generated




3.5 Qacha’s Nek actual and generated monthly rainfall (mm) statistics

Jan Jan* | Feb Feb* | Mar Mar* | Apr | Apr* | May | May* | Jun Jun*

Mean 146.2 | 1549 | 1259 | 1180 | 96.0 943 | 402 | 499 | 121 | 155 148 | 158

Median 161.9 | 156.0 | 125.6 | 106.9 | 83.0 85.0 331 [ 471 9.5 104 6.4 9.6

Skewness 0.1 -0.3 0.2 0.4 2.4 0.7 0.7 0.7 1.1 11 1.7 1.8

10™per ce. 70.7 83.2 42.9 57.2 39.1 46.4 16.0 | 16.7 0.0 0.0 0.0 0.0

20"per ce. 8.1 | 107.0 [ 67.0 62.8 60.3 584 | 234 | 238 0.0 0.4 0.0 1.8

80"perce. | 190.4 | 196.4 | 187.6 | 1845 | 1204 | 1288 | 620 [ 686 | 198 [ 29.1 247 | 231

90"perce. | 217.9 | 215.7 | 2225 | 200.8 | 141.0 | 157.7 | 674 [ 961 | 346 | 448 530 | 498

Jul Jul* Aug | Aug* Sep Sep* Oct | Oct* Nov | Nov* Dec | Dec*

Mean 9.5 9.5 23.0 26.0 | 397 36.9 700 [ 820 | 818 | 991 | 1259 | 116.9

Median 4.1 53 175 16.1 25.0 19.3 643 | 658 | 80.0 | 833 | 118.7| 109.1

Skewness 1.5 25 1.1 1.0 3.2 2.4 0.6 1.0 0.6 0.9 0.3 0.1

10™per ce. 0.0 0.0 0.0 0.1 2.9 3.8 176 | 278 | 364 | 309 302 | 375

20"per ce. 0.0 0.4 0.8 1.2 4.9 6.5 448 | 391 | 544 [ 533 752 | 791

80"per ce. 17.7 170 | 432 56.7 50.2 585 | 102.4| 136.4 | 108.8 | 156.3 | 197.8 | 174.0

90"per ce. 35.2 21.8 68.9 76.9 83.7 885 | 120.8 | 165.5 | 121.0 | 198.2 | 212.0 | 198.6

* denotes Generated




Appendix 4: Monthly minimum temper atur e statistics (mean, 20" percentile, median, 80" per centile and standard deviation)

from January to December.

4.1 January to March monthly minimum temperature (°C) statistics for all the climate stations

January February Mar ch
] 20th 80th Std 20th 80th Std 20th 80th Std
Station Mean Per Median | Per Dev Mean | Per Median | Per Dev Mean | Per Median | Per Dev
Butha Buthe 13.6 12.7 135 14.4 1.1 13.1 12.2 13.3 14.0 1.1 11.2 10.3 11.2 12.1 1.0
Kolbere 10.8 10.3 11.0 11.7 0.9 10.6 9.7 10.6 11.3 1.3 9.0 8.1 8.9 9.9 13
L ekubane 11.8 10.9 11.8 12.4 1.1 11.7 10.8 11.4 12.4 1.0 10.3 9.6 10.0 10.7 1.2
Leribe 13.9 13.0 14.1 14.7 0.8 13.4 12.8 13.6 14.2 1.2 114 10.5 11.4 12.5 1.2
Letsengla Terai 5.8 5.1 5.9 6.5 1.1 5.5 4.2 5.6 6.4 1.3 4.0 3.2 4.0 4.8 1.1
M afeteng 13.7 12.9 13.7 14.7 0.9 13.7 12.9 13.7 14.5 1.2 12.0 11.2 11.9 12.5 1.2
M alefiloane 8.0 7.4 8.1 8.7 1.1 7.7 6.9 7.7 8.9 2.1 6.4 5.1 6.4 6.8 1.8
M apoteng 15.5 15.0 15.6 16.0 0.6 15.0 14.2 15.0 15.8 0.9 134 12.7 13.3 13.8 1.0
Matela 135 12.9 134 14.2 0.8 12.9 12.3 12.7 13.8 1.0 11.3 10.7 11.2 11.8 1.2
Matsieng 14.9 14.3 15.0 15.4 0.7 14.7 14.0 14.8 15.7 1.1 12.9 12.2 13.0 14.0 1.0
M g ametalana 14.8 14.0 14.8 15.4 0.8 14.4 13.7 14.3 15.2 1.1 12.5 11.6 12.3 13.3 1.2
M ohales Hoek 14.2 13.3 14.3 15.1 1.1 14.0 13.2 14.0 14.8 1.0 12.0 11.2 12.0 12.7 1.1
Mokhotlong 10.7 10.0 10.7 11.5 0.9 10.2 9.4 10.2 11.3 1.3 8.7 7.8 8.7 9.5 1.4
M oshoeshoe | 14.9 14.1 15.0 15.5 0.7 14.5 13.9 14.2 15.3 1.1 12.7 11.8 12.6 13.2 1.3
Mt M oor osi 14.6 14.3 14.5 15.1 0.8 14.9 14.0 15.2 15.7 1.0 13.2 12.2 13.1 135 1.1
Nohana 14.3 13.2 14.2 15.2 0.9 13.8 13.1 134 14.6 1.0 12.2 115 12.1 12.8 1.0
Oxbow 7.0 6.5 7.0 7.3 0.8 6.6 5.8 6.6 7.5 1.1 47 3.7 4.6 5.6 1.1
Pitseng 13.3 12.6 134 13.9 0.8 12.9 12.3 13.0 13.6 1.0 11.3 10.4 113 12.0 1.3
Qachas Nek 12.2 11.6 12.4 12.9 1.0 11.9 10.9 12.1 12.9 15 10.8 10.1 11.0 11.6 0.9
Quthing 14.6 13.8 14.7 15.4 1.0 14.2 13.4 14.1 15.1 1.1 12.4 11.7 12.4 13.4 1.6
Roma NUL 14.4 13.8 14.5 15.3 0.8 14.0 13.0 14.1 15.0 1.1 12.3 11.6 12.3 13.4 2.0
Sani Pass 6.0 5.4 5.9 6.7 1.0 5.8 5.1 5.6 6.6 0.9 4.2 3.6 4.1 4.8 1.0
Sehlabathebe 8.0 6.9 8.1 8.9 1.1 8.0 7.3 8.0 8.7 0.9 6.7 5.6 6.8 7.5 1.2
Semonkong 8.8 7.9 9.1 9.6 1.1 8.4 7.1 8.5 9.6 1.4 6.5 5.3 6.5 7.4 1.2
St James 9.4 8.3 9.7 11.1 2.1 9.1 7.8 9.6 10.6 2.1 7.7 6.5 8.1 9.3 1.7
St Martins 9.1 8.3 9.5 10.1 1.3 8.7 7.6 9.2 9.8 1.6 7.6 6.7 7.8 8.7 1.3
Teyateyaneng 15.0 14.2 14.9 16.0 1.2 14.5 135 14.3 15.2 1.3 12.9 12.2 13.0 13.7 1.0
Thaba Bosiu 14.8 14.2 15.0 15.5 1.0 14.5 13.8 14.2 15.2 1.1 12.9 11.6 12.9 13.7 1.2
Thaba Tseka 10.8 9.8 10.9 11.7 1.1 10.3 9.3 10.4 114 1.4 8.8 7.7 8.8 9.8 1.3
Thabana Morena 15.6 14.8 15.6 16.3 0.8 15.5 14.6 15.4 16.6 1.1 13.6 12.9 13.4 14.0 1.1




4.2 April to June monthly minimum temperature (°C) statisticsfor all the climate stations

April M ay June
] 20th 80th Std 20th 80th Std 20th 80th Std
Station Mean Per Median | Per Dev Mean | Per Median | Per Dev Mean | Per Median | Per Dev
Butha Buthe 7.3 6.3 7.2 8.0 1.1 2.7 1.8 2.6 3.7 1.0 -0.6 -1.5 -0.6 0.5 1.3
Kolbere 5.9 47 5.8 7.4 1.7 2.2 15 2.5 3.4 2.0 -0.8 2.2 -1.2 0.4 2.1
L ekubane 7.0 5.8 6.8 8.3 11 3.5 2.5 3.1 4.2 1.2 0.8 0.6 1.0 15 1.2
Leribe 7.5 6.5 7.5 8.5 1.2 2.7 15 2.7 3.6 1.2 -0.8 2.2 -1.1 0.2 1.9
LetsenglaTerai 0.6 -0.6 0.5 1.6 14 -2.8 -3.6 -3.1 -2.3 1.4 -6.1 -7.0 -6.1 -4.7 1.6
M afeteng 8.6 8.0 8.7 9.5 1.1 4.7 4.1 4.8 5.4 1.1 1.4 0.8 1.6 1.9 0.8
M alefiloane 3.6 3.3 3.7 4.6 1.4 0.7 -0.9 0.7 1.6 1.7 2.7 -3.5 -2.5 -1.3 3.0
M apoteng 10.2 9.5 9.9 11.3 11 6.3 5.7 6.3 7.0 0.8 2.9 2.4 3.0 3.5 1.0
Matela 7.8 6.6 7.8 9.1 14 3.8 3.0 4.3 5.3 2.9 1.6 0.8 15 2.4 1.4
Matsieng 9.8 8.7 9.3 11.0 12 5.8 5.0 6.0 6.5 11 2.9 2.3 2.8 3.4 0.8
M g ametalana 8.3 7.3 8.2 9.4 11 3.5 2.8 3.6 45 1.6 -0.3 -1.0 0.1 0.9 1.7
M ohales Hoek 8.3 7.2 8.5 9.5 1.3 4.5 3.6 4.4 5.2 1.1 1.0 0.1 1.1 1.9 1.6
M okhotlong 45 3.1 4.6 5.6 1.4 0.6 -0.4 0.5 15 1.4 -3.1 -3.9 -3.3 2.1 1.4
M oshoeshoe | 9.0 8.3 8.9 9.8 1.0 4.4 4.0 4.3 5.1 1.0 1.1 0.3 1.2 1.8 1.0
Mt M oor osi 10.0 8.8 10.2 10.9 14 5.9 4.7 6.3 6.5 1.0 2.3 0.9 1.9 3.7 1.9
Nohana 8.9 8.0 8.4 9.9 17 49 3.9 5.0 5.9 1.3 2.2 1.4 2.2 2.7 0.9
Oxbow 1.3 0.0 1.1 2.3 2.3 -2.8 -3.8 -2.9 -1.7 1.1 -6.0 -7.2 -6.0 -5.2 1.3
Pitseng 8.5 6.9 8.9 9.6 15 4.6 3.7 47 5.3 1.1 1.2 0.4 1.4 2.0 0.9
Qachas Nek 7.7 6.8 7.5 9.0 1.2 4.4 3.6 4.4 5.4 1.2 1.7 0.8 1.9 2.9 1.3
Quthing 8.6 7.3 8.9 9.6 15 5.1 4.0 49 6.1 1.4 1.6 -0.1 2.0 3.1 1.9
Roma NUL 8.7 7.6 8.5 9.8 1.4 4.8 3.9 4.8 5.3 0.8 1.7 1.0 1.9 2.6 1.3
Sani Pass 1.3 0.6 1.1 2.2 1.2 -1.9 -2.9 2.1 -1.2 1.2 -4.8 -5.6 -4.9 -4.2 15
Sehlabathebe 4.0 2.9 3.7 5.0 1.4 0.7 -0.3 0.7 1.8 15 2.1 -3.6 2.1 -0.9 1.6
Semonkong 2.7 1.7 2.6 3.6 1.2 -1.5 2.1 -1.4 -0.4 1.1 -4.9 -5.6 -5.0 -4.4 1.1
St James 4.8 3.5 5.0 6.0 15 0.7 -0.4 1.0 1.7 1.2 -2.6 -3.8 -2.6 -1.1 1.7
St Martins 4.3 3.0 4.8 5.5 15 1.2 0.2 1.3 2.0 1.1 -1.8 -2.9 -1.6 -0.7 1.4
Teyateyaneng 9.6 8.5 9.5 11.0 14 5.7 4.9 5.6 6.8 1.3 2.2 1.4 2.6 3.4 1.8
Thaba Bosiu 8.5 7.9 8.5 9.3 1.0 4.2 35 4.4 47 0.8 0.7 -0.2 0.8 1.4 1.3
Thaba Tseka 5.4 4.3 5.4 7.0 1.6 1.6 0.9 2.0 2.7 1.6 -1.8 -3.0 -1.7 -0.6 1.7
Thabana Morena 10.8 10.0 11.0 11.7 1.2 7.1 6.4 7.3 7.8 1.2 4.3 3.2 4.1 5.1 1.4




4.3 July to September monthly minimum temperature (°C) statisticsfor all the climate stations

July August September
] 20th 80th Std 20th 80th Std 20th 80th Std
Station Mean Per Median | Per Dev Mean | Per Median | Per Dev Mean | Per Median | Per Dev
Butha Buthe -0.6 -1.9 -0.7 0.3 1.4 1.8 0.7 1.8 3.4 1.3 6.1 5.1 6.2 7.0 1.3
Kolbere -1.4 -2.3 -1.4 0.0 1.8 15 0.3 1.5 2.9 1.9 5.0 4.4 5.2 6.2 1.4
L ekubane 0.5 -0.5 0.9 1.6 15 2.3 1.3 2.6 3.2 1.3 5.4 4.6 5.9 6.5 1.4
Leribe -1.0 -2.5 -1.6 0.5 1.8 1.6 0.8 1.4 2.6 1.2 6.2 5.1 6.1 7.4 1.6
Letsengla Terai -5.6 -6.5 -5.7 -4.3 1.3 -3.4 -4.3 -3.3 -2.6 1.3 -0.2 -1.3 -0.1 0.8 1.2
M afeteng 1.2 -0.2 1.5 2.3 1.3 3.1 1.8 3.3 4.2 1.2 6.7 5.1 6.8 7.9 1.7
M alefiloane -2.9 -4.7 -2.8 -1.5 2.6 -1.3 -3.0 -1.2 -0.1 1.6 2.8 1.8 3.0 4.1 1.4
M apoteng 2.8 1.9 2.9 3.6 1.4 5.5 4.6 5.4 6.1 1.0 9.2 8.4 9.1 9.7 0.9
Matela 1.4 0.7 1.3 2.4 1.3 3.6 2.5 3.4 4.4 1.2 7.2 6.5 7.1 7.9 0.9
M atsieng 2.8 2.2 2.7 3.2 0.9 4.8 3.6 4.8 5.8 1.4 8.5 7.8 8.4 9.5 1.3
M g ametalana -0.6 -1.5 -0.3 0.5 1.8 1.9 1.1 1.9 3.5 2.0 6.5 5.5 6.7 7.6 15
M ohales Hoek 1.2 0.3 1.3 2.1 15 3.5 2.3 3.5 47 1.4 7.1 6.0 7.2 8.1 1.4
Mokhotlong -3.3 -4.2 -3.0 -2.6 1.2 -0.3 -1.4 -0.4 0.5 1.4 3.7 2.2 3.6 49 15
M oshoeshoe | 0.8 0.2 0.6 1.6 1.0 3.7 2.7 3.6 4.4 0.9 7.6 6.8 7.7 8.2 0.8
Mt M oor osi 1.7 0.1 1.9 2.9 1.6 4.4 3.6 4.4 4.8 0.8 7.9 6.8 8.3 8.8 1.4
Nohana 2.0 1.0 1.7 3.1 1.3 4.1 3.3 3.8 4.8 1.2 8.0 6.7 8.0 8.8 1.6
Oxbow -6.5 -7.7 -6.4 -5.1 1.4 -3.8 -4.5 -4.0 -3.2 1.4 0.2 -0.5 0.1 1.4 1.4
Pitseng 1.2 0.4 1.2 2.5 1.8 3.8 2.9 3.7 5.2 1.6 7.2 6.5 7.2 8.0 1.1
Qachas Nek 1.6 0.6 1.6 2.6 1.2 3.6 2.5 3.8 5.0 15 6.5 5.2 6.6 7.7 1.2
Quthing 1.8 0.6 1.8 2.9 1.7 3.9 2.3 4.0 5.2 1.8 7.6 6.2 7.5 9.0 15
Roma NUL 1.2 0.7 1.2 2.3 15 3.6 2.7 3.7 4.8 1.3 7.6 6.2 7.6 8.8 1.4
Sani Pass -5.5 -6.8 -5.3 -4.1 1.7 -2.5 -4.2 -3.5 -1.5 2.4 0.7 -0.2 11 1.6 1.2
Sehlabathebe -2.6 -4.2 -2.2 -1.8 1.7 -0.1 -1.3 -0.3 1.6 1.9 2.8 1.9 2.7 3.8 1.1
Semonkong -5.1 -5.8 -5.1 -4.3 1.1 -2.6 -4.0 -2.4 -1.5 15 1.3 0.5 15 2.3 1.2
St James 2.7 -4.0 -2.4 -1.9 1.6 0.3 -1.4 0.2 1.4 1.9 3.8 1.8 3.9 5.5 1.7
St Martins -2.3 -3.2 -2.4 -1.2 15 0.6 -0.5 0.1 1.4 2.1 3.3 2.5 3.4 4.4 1.3
Teyateyaneng 2.6 2.0 2.8 3.4 1.4 4.7 3.8 4.6 6.1 15 8.6 7.3 8.9 9.7 1.3
Thaba Bosiu 0.4 -1.1 0.5 1.9 15 3.8 2.4 3.5 4.6 2.1 7.5 6.7 7.5 8.3 1.6
Thaba Tseka -1.9 -2.9 -1.8 -0.5 1.6 1.1 -0.2 1.4 2.1 1.8 4.6 3.2 5.0 5.9 15
Thabana Morena 3.6 25 3.5 45 1.4 6.1 5.3 6.2 7.2 1.6 9.4 8.6 9.2 10.3 1.2




4.4 October to December monthly minimum temperature (°C) statistics for all the climate stations

October November December
20th 80th Std 20th 80th Std 20th 80th Std
Station Mean Per Median | Per Dev Mean | Per Median | Per Dev Mean | Per Median | Per Dev
Butha Buthe 9.0 8.2 9.1 10.1 1.3 10.9 10.1 10.8 115 1.0 12.6 11.7 12.7 135 1.0
Kolbere 6.9 6.3 7.2 7.8 15 8.4 7.7 8.3 9.0 1.0 9.9 9.1 10.3 10.7 1.0
L ekubane 7.8 7.1 8.1 8.7 1.2 9.3 8.0 9.1 10.0 1.4 10.8 9.6 10.6 11.3 1.3
Leribe 9.1 8.6 9.4 9.8 1.1 10.9 10.3 11.0 11.3 0.9 12.6 11.7 12.7 135 1.0
LetsenglaTerai 1.5 0.9 1.6 2.3 1.1 3.1 2.2 3.1 3.8 1.1 45 3.7 4.4 5.0 1.0
M afeteng 9.0 8.0 8.9 9.9 1.2 10.9 10.1 10.9 11.8 1.0 12.6 11.8 125 135 1.1
M alefiloane 5.0 4.7 5.3 5.9 1.6 6.5 5.0 5.9 7.6 2.4 7.3 6.3 7.3 7.9 1.6
M apoteng 115 11.0 115 12.2 0.7 12.8 12.0 12.8 13.3 0.9 14.3 13.7 14.4 15.0 0.8
Matela 9.5 8.7 9.7 10.3 1.2 11.1 10.4 11.1 11.8 1.0 12.7 11.8 12.8 13.2 1.0
Matsieng 10.8 10.2 10.9 11.5 1.0 12.5 11.6 12.6 13.3 0.9 14.1 13.2 14.1 15.0 1.0
M g ametalana 9.7 8.7 9.8 10.7 1.2 11.6 10.9 11.6 12.2 1.0 135 12.6 13.6 14.3 0.9
M ohales Hoek 9.5 8.5 9.6 10.4 1.3 11.3 10.5 114 12.3 1.1 13.2 12.1 13.2 14.0 1.2
Mokhotlong 6.2 5.3 6.7 7.4 1.8 7.9 7.2 8.0 9.1 1.4 9.3 8.8 9.4 10.5 1.6
M oshoeshoe | 10.5 9.6 10.7 11.2 0.9 12.1 11.3 11.9 13.1 1.1 13.8 13.3 13.8 14.5 0.8
Mt M oor osi 10.8 10.0 11.0 11.7 1.0 12.5 11.9 12.3 13.3 1.0 14.0 13.1 14.0 14.6 1.3
Nohana 10.6 9.6 10.5 11.3 1.6 12.4 11.0 12.2 13.2 1.3 13.9 13.3 13.7 14.2 1.4
Oxbow 2.7 1.9 2.9 3.8 1.3 4.3 3.7 4.3 5.0 0.8 5.8 5.1 5.9 6.4 0.8
Pitseng 9.3 8.5 9.5 10.3 1.2 10.7 9.9 10.6 11.7 1.1 12.6 115 12.7 135 1.2
Qachas Nek 8.3 7.5 8.4 9.3 1.3 9.6 8.7 9.6 10.8 1.3 11.2 10.7 11.5 12.2 1.4
Quthing 9.8 8.5 9.9 11.0 15 113 10.4 11.2 12.0 1.2 13.3 12.3 13.6 14.2 1.1
Roma NUL 9.9 9.1 10.2 10.9 1.2 11.9 11.0 11.8 12.7 1.2 135 12.5 135 14.2 1.3
Sani Pass 2.8 2.1 2.6 3.6 1.4 3.5 2.8 3.5 4.6 1.2 49 3.4 5.3 6.1 1.4
Sehlabathebe 4.3 3.2 4.2 5.4 1.3 5.7 5.0 5.7 6.5 17 7.2 6.4 7.3 7.9 1.0
Semonkong 4.2 2.9 4.8 5.6 1.6 6.2 5.5 6.1 7.2 1.1 8.1 7.4 8.1 8.7 1.0
St James 5.9 4.7 6.0 7.5 1.7 7.2 6.0 7.4 8.8 1.8 8.5 7.3 8.7 9.8 1.7
St Martins 5.5 4.8 5.6 6.4 15 6.4 6.0 6.8 7.7 2.0 7.8 7.3 8.3 8.8 1.9
Teyateyaneng 10.6 9.9 10.8 11.5 1.1 12.3 11.4 12.3 134 1.1 14.1 13.1 14.1 15.0 1.2
Thaba Bosiu 10.2 8.6 10.3 11.0 1.8 12.0 11.2 12.0 12.9 1.1 13.7 13.3 13.7 14.3 0.7
Thaba Tseka 6.8 6.1 7.1 8.0 15 8.1 7.4 8.1 9.2 1.6 9.7 8.8 10.3 10.8 1.4
Thabana Morena 11.6 10.3 11.7 125 1.1 13.0 12.3 13.0 13.6 0.9 14.9 14.1 14.8 15.7 1.0




Appendix 5: Monthly maximum temper atur e statistics (mean, 20" percentile, median, 80" percentile and standard deviation)

from January to December.

5.1 January to March monthly maximum temperature (°C) statisticsfor all the climate stations

January February Mar ch
20th 80th Std 20th 80th Std 20th 80th Std

Station Mean Per Median | Per Dev Mean | Per Median | Per Dev Mean | Per Median | Per Dev

Butha Buthe 26.7 25.2 26.7 28.6 1.8 25.9 24.7 25.8 27.2 15 24.5 231 24.9 25.5 1.4
Kolbere 24.5 23.1 24.6 26.2 15 23.8 22.8 235 25.7 1.7 225 22.0 22.6 23.2 0.8
L ekubane 21.3 20.5 21.5 22.3 1.3 20.7 194 20.9 21.3 1.3 19.5 17.9 20.0 20.7 15
Leribe 274 25.8 27.2 29.2 1.8 26.7 25.3 26.4 277 1.6 24.9 23.6 24.9 26.3 1.4
Letsengla Terai 16.5 15.7 16.5 17.4 1.4 15.8 15.1 15.8 16.5 1.2 13.9 12.8 14.4 15.2 2.2
M afeteng 275 26.3 271 28.9 15 26.7 25.3 26.3 27.8 1.9 234 235 24.0 25.6 4.5
M alefiloane 20.6 19.6 20.7 21.6 11 20.1 18.9 20.0 21.0 1.3 19.2 18.4 19.1 19.8 0.8
M apoteng 271 25.9 271 28.2 1.4 26.3 24.8 26.2 28.0 2.1 24.4 22.8 24.1 25.7 15
Matela 26.9 25.6 26.8 28.4 15 25.9 24.1 26.0 274 2.0 24.4 23.0 24.6 25.5 15
Matsieng 26.9 25.3 26.9 28.4 15 25.9 24.1 25.9 27.3 1.8 24.1 22.8 23.9 25.2 15
M e ametalana 28.7 26.9 285 30.6 2.0 27.6 26.0 275 29.4 1.9 25.6 24.0 25.7 27.0 1.6
M ohales Hoek 28.2 26.7 28.0 29.9 1.7 27.4 25.7 275 28.8 1.9 24.8 233 24.9 26.4 3.3
Mokhotlong 24.7 235 24.7 26.4 15 24.0 22.8 24.1 25.2 15 224 21.6 22.3 235 11
M oshoeshoe | 27.6 26.4 27.8 29.0 15 26.5 25.0 26.5 277 1.9 24.8 24.1 24.6 25.5 1.2
Mt M oor osi 28.4 27.4 28.1 30.2 15 28.1 26.3 28.3 29.4 1.8 26.2 24.5 25.7 27.8 1.8
Nohana 26.8 25.7 26.6 27.6 1.4 26.7 25.4 26.5 28.3 1.8 24.7 23.8 24.5 25.6 1.2
Oxbow 184 17.3 18.3 194 1.2 17.9 16.9 17.9 18.7 1.2 16.3 15.1 16.5 17.2 1.2
Pitseng 26.5 25.2 26.5 275 1.7 26.0 24.7 25.8 275 1.8 24.1 22.6 24.2 25.3 1.6
Qachas Nek 24.5 23.3 24.6 25.7 1.9 23.6 22.3 237 24.9 1.7 221 20.9 22.2 23.1 15
Quthing 27.6 26.3 274 29.4 1.9 26.6 25.2 26.3 28.2 1.9 24.3 22.6 24.2 25.8 1.7
Roma NUL 274 25.6 27.3 29.2 1.9 26.4 24.8 26.3 279 1.7 24.7 233 24.6 25.9 1.7
Sani Pass 17.1 16.2 17.0 17.7 1.0 16.1 14.2 16.8 17.7 1.8 14.6 13.4 14.6 15.9 1.3
Sehlabathebe 20.7 20.0 20.7 219 1.8 20.0 18.8 19.7 21.5 15 18.9 17.9 19.0 19.9 1.2
Semonkong 23.0 22.0 225 24.2 1.4 22.4 21.3 22.2 239 15 20.7 19.8 20.5 21.6 11
St James 24.2 23.2 24.3 25.1 1.4 23.8 22.6 235 25.3 15 22.3 21.4 22.4 23.0 11
St Martins 21.9 21.1 21.8 22.3 1.2 21.4 20.6 21.4 225 1.9 20.0 19.1 20.1 20.9 1.6
Teyateyaneng 274 25.8 27.3 29.6 2.5 26.3 24.8 26.3 27.8 1.8 24.5 229 24.2 26.1 1.8
Thaba Bosiu 285 27.2 28.4 30.3 1.8 27.8 26.2 27.6 29.1 1.8 25.8 24.7 25.7 26.4 15
Thaba Tseka 23.6 22.7 235 24.5 1.4 23.1 21.8 229 24.5 1.4 21.6 20.7 21.7 22.4 11
Thabana Morena 26.7 25.7 26.6 285 15 25.9 24.6 25.7 274 1.9 239 229 23.8 24.4 1.4




5.2 April to June monthly maximum temperature (°C) statistics for all the climate stations

April M ay June
] 20th 80th Std 20th 80th Std 20th 80th Std

Station Mean Per Median | Per Dev Mean | Per Median | Per Dev Mean | Per Median | Per Dev

Butha Buthe 21.7 19.9 21.9 235 1.9 18.8 17.6 18.6 19.8 1.6 16.0 15.0 16.3 17.1 1.4
Kolbere 19.6 18.6 19.6 20.8 1.4 17.1 16.2 16.7 18.0 15 14.6 13.1 14.4 155 2.2
L ekubane 16.6 154 16.7 18.1 1.6 13.7 12.3 134 15.1 1.4 11.3 105 11.4 12.0 1.2
Leribe 21.9 20.2 2.1 23.8 1.8 18.8 175 185 20.1 1.6 15.8 15.0 16.0 16.6 1.3
LetsenglaTerai 11.2 10.1 11.0 12.3 1.3 8.7 7.6 8.7 9.3 1.2 6.1 5.3 6.4 7.2 15
M afeteng 21.6 20.1 21.2 234 1.6 18.0 17.1 17.9 18.2 1.2 14.8 13.8 145 16.1 1.3
M alefiloane 16.7 155 16.7 18.0 15 13.6 12.8 13.8 145 1.2 11.7 10.7 11.3 125 1.3
M apoteng 215 19.8 215 23.6 1.9 18.3 17.0 18.2 18.9 15 154 145 15.3 165 1.1
Matela 214 19.8 21.6 2.7 1.6 18.3 175 18.2 194 1.3 15.3 14.4 15.1 16.3 1.1
Matsieng 21.2 194 21.1 22.9 1.7 17.8 16.8 17.7 19.0 1.3 14.8 13.9 14.6 15.6 1.0
M g ametalana 25 21.2 22.6 24.8 1.9 19.3 18.0 19.2 20.4 1.4 16.5 15.8 16.6 17.2 1.2
M ohales Hoek 22.3 20.6 21.6 24.3 2.2 18.8 17.6 18.7 19.9 1.3 15.8 14.8 15.6 16.9 1.3
M okhotlong 195 185 195 21.0 15 16.3 15.2 16.3 17.4 15 13.8 13.0 13.8 14.7 1.0
M oshoeshoe | 220 20.3 21.9 23.7 1.7 18.8 17.9 18.7 19.6 1.2 15.7 14.7 15.7 16.7 1.2
Mt Moorosi 23.0 21.3 23.1 24.6 1.8 194 184 18.8 21.0 1.3 17.0 15.9 17.1 18.2 1.3
Nohana 21.9 20.2 2.4 23.6 1.7 17.9 17.2 18.0 18.8 1.2 15.6 14.8 15.7 16.3 1.0
Oxbow 134 11.9 13.0 14.8 1.6 10.8 9.9 10.6 11.8 1.2 8.4 7.5 8.5 9.4 1.4
Pitseng 21.6 19.9 214 233 1.7 185 17.4 18.7 19.7 1.4 15.6 14.6 15.7 16.5 1.1
Qachas Nek 19.7 185 19.6 21.3 1.7 17.0 15.8 16.8 18.0 1.6 14.2 13.3 14.3 15.2 1.4
Quthing 21.3 19.8 20.6 233 1.8 17.8 16.7 17.7 18.7 1.2 14.8 13.8 14.6 16.1 1.2
Roma NUL 214 19.9 21.3 23.1 1.8 18.3 17.2 18.1 19.7 1.3 155 14.7 155 16.5 1.3
Sani Pass 12.3 10.8 12.8 14.1 1.8 9.6 8.5 9.8 10.6 1.2 8.3 7.3 8.0 9.4 1.2
Sehlabathebe 16.5 15.2 16.2 18.0 15 14.2 13.0 14.1 15.2 1.3 11.7 10.6 11.4 12.7 1.3
Semonkong 17.6 16.1 17.7 19.3 1.7 14.4 13.6 14.6 15.3 1.8 11.4 105 11.2 12.6 1.1
St James 195 18.0 19.8 20.8 15 16.5 155 16.4 17.6 1.3 13.9 12.9 13.8 14.9 1.2
St Martins 17.1 16.2 17.3 18.2 15 14.3 135 14.3 15.0 1.0 12.1 10.7 11.5 134 1.7
Teyateyaneng 215 20.0 214 23.0 1.8 18.6 17.3 184 19.9 1.4 154 14.8 15.3 16.6 1.2
Thaba Bosiu 23.1 21.8 23.2 24.3 1.4 194 185 19.0 20.4 1.4 17.0 15.9 16.6 18.2 1.3
Thaba Tseka 18.8 17.2 185 20.6 1.8 155 14.6 15.7 16.6 1.7 13.1 12.2 13.1 13.9 1.1
Thabana Morena 21.2 19.7 21.0 22.8 1.8 18.1 17.2 17.8 19.2 1.3 15.1 14.1 15.2 15.8 1.1




5.3 July to September monthly maximum temperature (°C) statisticsfor all the climate stations

July August September
) 20th 80th Std 20th 80th Std 20th 80th Std

Station Mean Per Median | Per Dev Mean | Per Median | Per Dev Mean | Per Median | Per Dev

Butha Buthe 16.3 15.6 16.4 17.0 1.3 18.8 175 18.8 19.8 15 2.1 20.9 22.1 234 1.6
Kolbere 145 13.6 14.8 15.6 15 16.7 15.6 16.9 18.2 1.6 19.8 19.2 19.7 21.6 1.6
L ekubane 11.3 10.7 11.3 12.3 1.3 13.0 12.3 13.0 13.8 1.2 16.0 14.9 16.1 17.0 1.1
Leribe 16.3 15.6 16.4 174 1.3 18.9 17.7 18.9 19.8 1.3 24 21.1 224 235 15
LetsenglaTerai 6.5 5.2 6.4 7.9 1.9 8.6 7.5 8.7 9.7 1.6 11.8 10.9 11.8 12.7 1.2
M afeteng 15.1 14.3 15.1 16.2 1.1 17.7 17.0 17.8 18.8 14 215 20.1 21.2 23.0 1.7
M alefiloane 11.7 11.1 12.2 12.6 1.7 13.1 12.3 13.1 13.8 0.9 16.8 15.9 16.4 185 1.6
Mapoteng 15.8 15.1 15.7 17.1 1.2 18.3 174 185 19.1 1.2 21.7 20.6 215 233 1.6
Matela 155 14.7 154 16.4 1.2 17.9 16.8 18.1 19.0 1.3 21.1 19.7 21.0 22.6 1.7
Matsieng 15.0 14.2 15.0 15.8 1.0 175 16.2 17.8 185 14 21.0 19.7 21.1 224 1.7
Mejametalana 16.8 15.9 16.8 17.9 1.0 194 18.6 19.6 20.5 14 23.0 21.7 22.9 24.2 15
M ohales Hoek 16.0 15.1 16.0 16.7 1.1 18.7 17.8 18.8 19.7 15 22.0 20.9 22.1 234 1.6
Mokhotlong 14.1 13.2 14.1 15.1 1.3 16.5 155 16.7 17.7 15 19.9 19.1 20.3 21.1 1.3
M oshoeshoe | 15.8 15.1 15.8 16.6 1.1 18.6 17.6 18.6 19.7 1.2 22.0 20.7 22.1 234 1.7
Mt Moorosi 16.7 16.0 16.5 175 0.9 19.2 184 19.6 204 15 23.3 21.8 23.8 24,5 14
Nohana 15.6 145 15.7 16.6 1.3 18.2 174 18.1 19.1 1.1 21.8 20.3 21.9 23.0 14
Oxbow 8.7 8.0 8.8 9.7 1.3 10.6 9.6 10.8 11.8 1.3 139 13.1 13.6 14.8 1.3
Pitseng 15.9 15.1 16.2 16.9 1.3 18.6 175 18.7 19.5 14 21.7 20.0 222 23.0 1.8
Qachas Nek 14.8 140 145 15.8 1.8 17.1 155 17.0 185 1.9 20.0 18.9 199 21.0 1.3
Quthing 15.3 14.4 15.3 16.3 1.0 17.8 16.9 17.8 18.7 14 21.2 20.0 214 22.3 14
Roma NUL 15.9 15.2 15.8 16.8 1.2 18.2 17.3 18.6 19.2 1.3 21.8 20.4 21.8 231 1.6
Sani Pass 8.4 7.9 8.6 9.6 1.6 105 8.9 104 115 1.9 13.8 125 14.3 145 1.3
Sehlabathebe 114 10.8 11.8 13.2 3.1 139 12.4 14.1 15.3 1.8 16.3 15.1 16.9 18.1 3.0
Semonkong 11.6 109 11.6 125 1.3 14.4 13.6 14.6 155 14 17.3 16.0 17.2 18.7 1.6
St James 14.0 13.2 14.2 15.1 1.7 16.1 14.8 16.2 17.3 14 19.2 17.6 195 20.3 15
St Martins 12.2 114 12.0 12.8 1.7 14.1 12.6 14.3 15.2 1.7 16.9 15.2 16.9 18.6 2.2
Teyateyaneng 16.0 154 16.3 16.8 0.9 18.3 175 18.6 19.2 1.3 21.7 20.5 22.3 232 15
Thaba Bosiu 16.9 16.3 16.8 17.8 1.1 19.8 19.1 20.1 20.7 1.7 229 21.8 24 24.0 1.4
Thaba Tseka 131 12.3 13.3 14.2 14 15.6 14.5 16.0 16.8 2.0 18.9 174 18.9 204 1.8
Thabana Morena 15.0 14.2 15.1 15.6 1.2 179 16.7 18.1 19.2 1.3 21.2 19.8 21.3 22.9 1.7




5.4 October to December monthly maximum temperature (°C) statisticsfor all the climate stations

October November December
. 20th 80th Std 20th 80th Std 20th 80th Std

Station Mean | Per Median | Per Dev | Mean | Per Median | Per Dev | Mean Per Median | Per Dev

Butha Buthe 235 22.3 23.7 24.4 1.3 24.7 237 24.4 259 1.6 259 24.6 25.8 27.3 1.7
Kolbere 214 20.3 215 222 1.1 225 218 224 235 1.2 23.7 224 234 25.1 1.4
L ekubane 18.2 17.1 18.3 19.6 1.4 19.2 18.1 19.0 204 1.3 205 19.7 20.5 21.1 1.2
Leribe 239 23.0 24.0 24.8 1.3 25.2 24.2 24.9 26.4 1.3 26.7 25.6 26.6 275 1.4
LetsenglaTerai 13.0 11.9 13.2 14.1 1.2 14.3 13.3 14.1 15.1 1.1 15.7 14.8 155 16.4 1.1
M afeteng 234 23.1 235 24.1 1.2 251 24.2 24.7 25.8 1.4 26.6 251 26.2 28.1 2.0
M alefiloane 18.2 174 18.2 19.1 0.9 18.6 17.6 18.6 19.7 1.4 19.8 18.7 19.8 21.6 1.8
M apoteng 23.8 22.8 238 24.8 1.6 24.8 23.7 24.4 25.6 1.5 24.8 23.7 24.4 25.6 1.5
Matela 23.1 21.8 23.2 24.2 1.3 245 233 24.3 25.8 1.5 26.0 251 26.0 275 1.6
Matsieng 23.0 22.0 229 24.4 1.4 24.4 234 24.0 25.8 1.6 25.8 245 25.7 27.3 1.7
Mejametalana 24.7 23.6 24.8 259 1.4 26.3 25.0 26.0 27.6 1.5 279 26.5 27.6 29.5 1.8
M ohales Hoek 24.0 23.0 24.2 251 1.4 25.8 24.6 25.6 27.0 1.6 274 26.2 27.3 29.0 1.8
Mokhotlong 21.3 20.5 214 22.3 1.2 224 21.3 2.1 237 1.3 239 227 237 25.3 1.4
M oshoeshoe | 23.8 23.0 238 24.9 1.4 25.2 239 24.8 26.8 1.7 26.7 251 26.3 285 1.9
Mt M oor osi 25.3 24.2 24.9 26.5 1.8 26.2 24.8 25.8 27.3 2.0 27.8 257 275 29.8 2.1
Nohana 237 229 23.7 24.2 1.0 24.8 239 24.4 25.8 1.6 26.4 253 26.1 28.0 1.6
Oxbow 15.2 14.0 15.3 16.1 1.2 16.1 15.1 15.9 17.1 1.2 175 16.7 17.6 185 1.1
Pitseng 23.2 21.8 234 24.4 15 245 235 24.3 25.6 1.6 25.7 245 25.3 27.2 1.6
Qachas Nek 21.0 20.2 209 22.0 1.2 222 211 21.8 234 1.2 239 22.6 23.8 25.3 1.6
Quthing 23.1 225 23.2 24.1 1.3 24.9 23.7 24.7 26.0 1.5 26.6 25.3 26.5 285 1.7
Roma NUL 234 225 235 24.3 15 24.9 234 24.6 26.2 1.5 26.4 25.4 26.1 27.8 1.6
Sani Pass 14.7 13.9 14.7 15.4 0.8 15.3 14.2 14.9 16.2 1.2 16.7 16.0 16.8 17.6 1.2
Sehlabathebe 17.6 16.8 17.4 18.8 1.3 18.7 17.8 18.7 19.6 1.1 20.0 18.9 19.9 21.1 1.5
Semonkong 19.2 185 19.1 20.2 1.1 20.4 194 20.0 217 1.3 22.0 209 217 235 1.4
St James 209 19.7 21.0 22.0 1.3 22.0 20.8 21.8 231 1.4 234 219 235 24.5 1.5
St Martins 18.3 175 18.4 19.6 15 19.7 18.8 19.7 20.6 1.6 21.3 20.2 209 22.8 1.4
Teyateyaneng 234 22.3 23.7 24.4 1.4 253 241 25.2 26.5 1.4 26.6 25.4 26.6 275 1.7
Thaba Bosiu 24.5 234 24.6 251 1.1 26.3 25.0 257 27.3 1.7 28.2 26.9 28.2 29.8 1.7
Thaba Tseka 20.3 19.0 20.7 21.3 1.4 21.7 20.3 21.6 22.6 1.4 229 218 2.7 24.4 1.4
Thabana Morena 23.1 22.1 235 24.1 1.4 24.4 231 24.3 25.1 1.5 25.8 24.5 25.4 27.4 1.8




Appendix 6: Monthly heat units statistics (mean, 20" per centile, median, 80" percentile and standard deviation) from January

to December.

6.1 January to March monthly heat units statisticsfor all the climate stations

January February M ar ch
20th 80th Std 20th 80th Std 80th
Station Mean | Per Median | Per Dev Mean | Per Median | Per Dev Mean | 20th Per | Median | Per Std Dev
Butha Buthe 314.9| 279.8 323.1| 3435 332 | 270.7| 252.1 272.0( 290.2 30.4 243.7 221.3 250.6 | 265.6 28.6
Kolbere 236.7 | 217.5 234.8| 263.6 276 | 202.8| 178.8 198.1| 231.1 33.7 178.4 157.6 179.2| 197.4 23.8
L ekubane 202.6 | 179.0 210.0| 2234 31.1| 173.4| 163.1 170.2| 189.7 23.2 150.9 117.2 164.0| 1745 31.6
Leribe 329.4| 297.2 321.9| 365.9 350 | 283.4| 257.2 282.8 | 308.4 335 252.0 228.8 252.1| 270.4 26.8
Letsengla Terai 46| 228 37.8 64.9 25.6 30.9 15.2 25.7 431 20.0 11.8 3.1 10.6 17.6 9.3
M afeteng 328.7 | 312.4 325.6| 355.8 269 | 287.8| 261.2 288.0( 314.1 40.2 243.9 225.7 253.2 | 268.7 53.0
M alefiloane 134.2| 126.5 141.1| 149.7 252 | 1105 87.3 101.0| 136.4 37.2 89.1 72.6 80.2 | 100.0 27.8
M apoteng 349.8 | 330.3 351.7| 369.7 276 | 301.0| 273.3 2946 3421 39.8 275.3 243.1 269.3 | 302.6 31.9
Matela 315.2 | 291.3 311.2| 3447 287 | 265.8| 230.8 267.6 | 293.2 36.9 243.0 216.0 248.4 | 268.9 31.9
Matsieng 333.6 | 301.6 337.3| 3575 315| 294.7| 259.9 297.9( 3295 38.6 266.5 242.2 264.0 [ 293.2 31.4
M g ametalana 362.6 | 333.8 364.0| 388.1 334 | 310.3| 281.8 312.1| 336.0 33.3 279.9 249.9 281.1| 303.5 31.1
M ohales Hoek 347.1| 322.1 335.9| 370.7 359 | 302.7| 272.3 297.4|( 327.1 34.1 265.4 233.8 262.6 [ 293.8 385
Mokhotlong 238.1 | 208.7 239.5| 265.9 298| 199.7 | 167.3 197.3| 227.1 31.8 171.9 147.7 173.6| 187.4 29.9
M oshoeshoe | 349.7 | 320.8 352.0| 369.1 29.3| 2959 | 263.6 2953 3275 35.6 270.9 247.0 268.0 [ 284.5 29.2
Mt M oor osi 357.7 | 341.9 348.6| 389.6 324 | 3259 | 289.1 324.3| 353.7 38.1 300.6 267.3 286.1 | 331.8 35.9
Nohana 327.5| 296.7 329.4| 351.6 317 | 292.6| 273.6 2846 | 313.7 29.5 264.4 246.2 261.3 | 289.2 25.3
Oxbow 843 | 634 83.7 104.6 20.6 65.7 482 66.8 834 20.0 33.7 22.1 31.2 46.3 14.2
Pitseng 307.4| 285.1 307.8| 334.0 317 | 267.4| 2437 262.4 | 289.5 34.7 239.3 209.1 252.4 | 266.5 35.3
Qachas Nek 260.0 | 238.2 261.3| 286.8 375| 219.5| 196.0 218.3| 248.3| 41.0 200.7 181.7 2009 | 226.4 30.0
Quthing 343.7 | 314.8 348.0| 376.5 36.2| 294.0| 263.4 290.2 3145 35.9 259.7 230.7 257.6 | 298.4 40,9
Roma NUL 337.7| 311.6 332.0| 370.0 326 | 284.0| 256.3 2845 3196 413 260.8 236.5 261.5( 296.0 428
Sani Pass 570| 405 60.1 71.8 17.4 40.6 20.4 29.9 63.0 23.0 185 7.6 13.6 29.2 11.9
Sehlabathebe 136.9| 120.9 142.0| 158.0 29.7 | 1147 87.3 115.1| 138.3 25.7 93.3 71.3 91.2 | 108.5 25.7
Semonkong 183.7 | 163.6 182.5| 2145 269 | 153.3| 130.5 152.2| 172.3 28.0 1114 89.8 106.5| 134.7 26.5
St James 2115 183.1 219.3| 237.8 366 | 183.6| 152.6 189.1| 2125 403 156.6 142.2 157.4| 175.1 29.3
St Martins 171.1| 151.1 170.0| 1875 30.3| 1439 | 1245 147.4| 172.3 38.9 119.2 97.4 118.6| 138.9 325
Teyateyaneng 347.6 | 321.6 347.1| 387.9 469 | 2939 | 276.9 293.2 | 316.8 33.3 270.2 237.0 268.1 | 298.5 36.5
Thaba Bosiu 360.7 | 332.6 352.1| 397.1 328 | 310.3| 284.1 310.7| 3335 35.1 283.2 255.9 283.3| 302.5 33.2
Thaba Tseka 222.4| 197.5 227.1| 2513 322 | 186.7 | 160.0 191.8| 213.1 36.2 161.8 142.3 162.0| 187.2 30.1
Thabana Morena 348.6 | 327.0 341.3| 376.7 33.1| 307.8| 278.0 306.1| 336.3 37.0 273.9 252.0 271.7 | 301.7 34.6




6.2 April to June monthly heat unitsstatisticsfor all the climate stations

April M ay June
20th 80th Std 20th 80th Std 20th Std

Station M ean Per Median | Per Dev Mean | Per Median | Per Dev Mean | Per Median | 80th Per | Dev

Butha Buthe 136.8 | 112.0 144.2 167.7 35.9 41.7 20.1 495 61.0 215 5.7 0.2 5.7 10.6 5.2
Kolbere 88.0 50.6 82.7 124.2 34.0 254 4.9 194 35.2 24.9 7.9 0.0 0.8 43| 269
L ekubane 64.9 39.3 59.9 98.8 30.9 12.3 3.0 8.3 221 11.1 0.2 0.0 0.0 0.1 0.5
Leribe 142.1 | 118.6 138.6 177.2 34.3 41.6 26.6 409 548 16.8 6.4 1.0 4.1 8.3 8.1
LetsenglaTerai 0.8 0.0 0.0 0.7 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
M afeteng 153.8 | 1318 143.8 189.3 34.0 50.4 43.8 55.9 69.6 214 7.9 2.6 5.9 14.8 6.7
Malefiloane 27.9 175 234 394 13.0 6.0 0.0 1.8 9.1 9.3 0.2 0.0 0.0 0.0 0.6
Mapoteng 175.9 | 149.8 161.6 222.6 40.8 82.3 62.5 814 97.3 24.5 16.3 8.7 16.9 20.9 8.5
Matela 142.1 | 1141 136.2 173.3 374 8.8 3.9 7.9 12.8 6.0
Matsieng 171.3 | 140.3 160.2 210.9 394 55.8 36.0 60.9 72.7 24.8 15.1 5.6 12.8 241 113
Mejametalana 164.6 | 139.7 159.7 202.0 375 67.9 51.6 68.9 88.6 2.1 8.4 3.0 7.2 12.6 7.2
M ohales Hoek 160.4 | 122.4 157.4 202.9 435 58.8 40.2 61.6 74.9 20.6 11.9 4.3 9.3 19.0 9.4
Mokhotlong 69.4 45.4 66.9 98.8 28.9 64.8 42.8 67.1 83.3 24 2.2 0.0 0.0 05| 109
M oshoeshoe | 165.2 | 135.1 156.0 199.7 35.0 14.1 2.2 8.6 17.2 245 9.7 5.4 7.3 13.0 6.6
Mt Moorosi 1959 | 172.2 194.0 230.7 411 65.1 53.3 68.5 72.1 15.0 229 8.4 18.0 417 197
Nohana 165.7 | 131.9 168.4 198.1 45.0 92.0 72.2 878 | 116.2 24.1 13.0 5.5 13.0 184 8.6
Oxbow 2.9 0.0 1.6 4.8 3.7 61.0 435 67.4 735 231 0.0 0.0 0.0 0.0 0.0
Pitseng 1526 | 1244 152.7 197.1 35.1 0.2 0.0 0.0 0.0 0.7 8.2 3.9 8.2 11.6 4.8
Qachas Nek 115.8 83.3 115.3 145.6 375 61.7 42.8 66.4 80.9 235 9.9 2.1 7.0 17.8 8.1
Quthing 150.6 | 1145 147.2 191.6 428 47.6 25.0 48.8 67.6 25.4 10.3 2.9 8.1 174 8.7
Roma NUL 154.7 | 1255 143.2 195.6 41.3 59.2 35.1 61.7 80.3 25.0 0.2 0.0 0.0 0.0 0.6
Sani Pass 2.2 0.0 0.9 2.3 3.6 62.2 41.8 61.7 78.8 22.2 0.0 0.0 0.0 0.0 0.0
Sehlabathebe 33.0 16.8 294 47.6 238 0.4 0.0 0.0 0.6 0.7 0.9 0.0 0.0 1.8 1.7
Semonkong 32.7 14.6 314 49.3 19.2 7.5 1.3 5.0 9.2 105 0.2 0.0 0.0 0.0 0.8
St James 735 46.3 67.9 104.1 29.8 3.0 0.0 2.2 5.0 3.4 0.7 0.0 0.0 0.8 14
St Martins 417 24.0 42.6 62.9 21.0 12.2 5.3 10.0 16.5 9.8 0.5 0.0 0.0 0.6 1.2
Teyateyaneng 168.3 | 1349 166.3 217.4 42.6 6.0 1.1 4.0 9.2 6.4 14.6 8.5 145 18.6 8.4
ThabaBasiu 169.9 | 149.7 167.0 202.4 329 74.9 50.8 67.1 91.7 29.7 9.8 4.4 8.0 115 7.4
Thaba Tseka 734 50.0 71.8 108.4 35.6 70.5 55.3 67.8 79.9 195 1.2 0.0 0.0 2.9 2.0
Thabana Morena 179.5 | 147.0 175.7 224.3 411 14.0 1.1 12.2 26.5 12.3 23.1 9.6 175 358| 170




6.3 July to September monthly heat units statisticsfor all the climate stations

July August September
20th 80th Std 20th 80th Std 20th 80th

Station Mean | Per Median | Per Dev Mean | Per Median | Per Dev Mean | Per Median | Per Std Dev

Butha Buthe 6.5 0.9 4.0 8.4 8.5 38.0 21.7 49.5 57.2 193 | 129.1| 108.6 130.0 151.1 30.9
Kolbere 2.7 0.0 0.7 2.0 6.9 222 104 15.6 324 175 85.6 57.7 93.1 117.0 28.6
L ekubane 0.6 0.0 0.0 0.5 1.3 8.4 4.3 7.2 115 6.2 542 29.8 63.9 72.8 21.3
Leribe 5.5 1.0 3.5 7.3 6.7 359 24.7 31.8 47.6 143 | 134.6| 103.7 135.7 162.3 34.4
LetsenglaTerai 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 15 0.0 0.0 2.7 2.5
M afeteng 8.3 2.1 7.3 12.2 6.4 41.1 245 434 50.9 171 | 127.3 97.6 131.0 156.4 38.2
M alefiloane 0.3 0.0 0.0 0.1 0.8 15 0.0 0.5 2.0 2.1 322 154 234 50.8 204
Mapoteng 20.0 9.8 15.1 29.2 11.9 72.2 57.8 69.4 91.3 220 | 166.0| 144.1 159.3 194.0 325
Matela 10.0 3.4 7.7 16.0 7.7 454 30.3 46.5 59.9 199 | 130.5| 103.6 128.0 162.7 32.0
Matsieng 16.5 6.0 16.6 26.6 10.2 60.4 40.9 57.7 78.2 232 | 156.3| 129.8 158.0 187.5 379
Mejametalana 9.2 4.3 6.5 154 7.0 49.0 3.7 40.5 69.3 221 | 148.8| 119.3 149.0 180.9 32.8
M ohales Hoek 131 45 9.1 16.9 11.7 56.4 33.2 51.9 79.8 223 | 141.7| 1145 141.3 170.8 34.0
Mokhotlong 0.8 0.0 0.0 1.2 2.2 114 2.4 10.1 185 10.0 70.2 51.0 68.1 88.9 24.2
M oshoeshoe | 9.7 3.3 6.4 14.6 7.7 55.8 40.9 541 72.3 187 | 147.7| 122.8 140.5 173.8 313
Mt Moorosi 18.7 10.3 155 28.9 13.8 69.5 53.1 68.0 88.7 204 | 170.6| 147.9 169.8 193.0 29.7
Nohana 15.1 6.0 11.6 21.2 124 52.0 35.7 49.1 64.3 211 | 153.6| 118.2 152.4 187.1 36.5
Oxbow 0.0 0.0 0.0 0.0 0.2 0.2 0.0 0.0 0.0 0.7 7.4 3.0 6.5 11.3 4.9
Pitseng 13.2 3.6 8.1 22.1 114 58.2 34.7 544 77.3 254 | 139.9| 113.0 142.1 162.6 32.3
Qachas Nek 13.8 4.1 9.9 18.6 15.2 47.7 27.6 44.6 64.2 240 | 1144 91.8 110.6 134.0 254
Quthing 125 4.0 8.4 214 11.2 52.6 27.6 459 67.2 259 | 1394 | 112.1 136.2 164.0 304
Roma NUL 111 35 7.2 16.6 10.2 51.1 34.3 50.3 71.1 191 | 146.3| 113.1 139.9 178.2 35.1
Sani Pass 0.1 0.0 0.0 0.0 0.2 4.4 0.0 0.0 0.0 12.7 9.9 45 9.4 12.9 7.0
Sehlabathebe 0.6 0.0 0.0 0.9 1.2 8.3 3.2 5.8 12.2 6.8 38.0 25.3 35.2 54.3 16.9
Semonkong 0.2 0.0 0.0 0.0 0.6 3.6 0.0 1.7 6.0 4.7 30.9 194 30.0 42.3 13.7
St James 0.7 0.0 0.0 0.8 1.8 129 35 9.3 18.3 13.8 65.3 38.7 63.4 93.0 27.3
St Martins 0.1 0.0 0.0 0.0 0.4 6.9 0.7 3.6 6.1 12.7 38.6 18.3 37.7 58.3 22.2
Teyateyaneng 16.7 9.0 17.3 24.1 8.4 63.2 458 60.9 76.5 21.8 | 159.0| 131.5 159.7 187.8 33.2
Thaba Bosiu 124 4.1 10.3 21.1 9.8 66.3 39.7 62.8 89.6 36.8 | 151.9| 126.3 147.9 186.4 337
Thaba Tseka 0.5 0.0 0.0 0.6 1.1 16.3 6.5 13.2 22.0 13.3 74.0 454 72.7 99.2 28.7
Thabana Morena 194 8.4 16.2 27.0 13.0 72.8 46.3 68.9 96.2 315 | 157.2| 1244 157.9 191.1 36.7




6.4 October to December monthly heat units statistics for all the climate stations

October November December
20th 80th 20th 80th Std 20th 80th Std

Station Mean | Per Median | Per Std Dev | Mean Per Median | Per Dev Mean | Per Median | Per Dev

Butha Buthe 194.7| 170.3 206.3| 226.4 335 234.0( 207.2 232.9| 259.9 342 | 286.8| 248.3 289.9 325.5 37.8
Kolbere 129.2| 116.4 138.7 | 147.2 324 165.2 | 146.5 161.9| 1855 314 | 211.0| 185.2 209.1 243.2 30.7
L ekubane 99.7 73.0 101.9| 1229 29.4 128.4 94.1 1316 | 157.0 345| 174.3| 1455 167.1 209.5 321
Leribe 202.3| 183.0 206.6 | 227.3 30.0 242.7| 217.0 238.1| 269.4 296 | 299.8| 274.1 301.1 322.6 329
LetsenglaTerai 5.5 15 4.4 9.8 4.7 114 3.5 7.9 19.1 9.8 24.4 10.8 19.6 36.7 17.7
M afeteng 192.9| 178.7 191.4| 209.9 21.7 2405 216.5 227.3| 274.0 322 | 298.4| 280.2 294.2 323.5 39.9
M alefiloane 61.8 38.8 64.7 80.9 26.4 85.8 56.8 76.8 | 105.5 455| 114.0| 1005 109.8 144.9 31.1
M apoteng 237.2| 214.2 235.7| 266.2 29.9 264.1 | 235.2 261.4| 277.8 326 | 320.6| 304.9 317.2 353.3 315
Matela 1954 | 178.7 195.2 | 217.5 33.6 234.1( 208.1 232.3| 261.2 31.0| 290.0| 263.2 293.3 320.6 35.8
Matsieng 2249 | 210.6 220.6 | 241.2 22.1 259.9( 2355 253.9| 283.8 348 | 310.9| 2729 307.9 353.7 41.2
M g ametalana 224.2 | 200.2 226.1| 251.9 32.3 269.6 [ 245.2 270.4| 293.2 29.7| 329.8| 305.0 328.0 358.8 374
M ohales Hoek 209.4 | 190.1 212.3| 237.4 35.0 256.9 | 2245 258.5| 285.8 338 | 318.9| 289.7 314.2 347.4 419
Mokhotlong 120.1 94.4 131.9| 143.6 34.4 149.4| 129.2 1458 | 175.7 399 | 203.0| 179.9 206.6 232.8 37.6
M oshoeshoe | 223.2| 206.4 2239 246.0 27.8 260.2 | 231.8 249.3| 287.1 370| 317.2| 289.0 309.8 356.4 385
Mt M oor osi 250.8 | 232.7 254.6 | 270.9 329 280.6 | 248.8 274.8| 307.0| 406| 337.7| 300.2 336.6 373.5 494
Nohana 222.3| 2015 2176 | 246.3 30.8 261.7 | 236.9 255.0| 283.1 335| 315.5| 286.1 309.1 347.7 41.8
Oxbow 20.7 11.9 21.1 27.0 11.8 315 17.1 31.0 414 15.2 59.2 38.7 58.7 75.7 20.8
Pitseng 193.0| 171.3 200.8| 215.9 37.2 228.1 | 209.7 2248 | 254.3 352 | 282.7| 256.8 285.2 317.4 36.3
Qachas Nek 150.9| 128.1 1525 175.7 320 179.6 | 155.7 1745 213.1 316 | 234.6| 209.1 243.3 264.7 40.3
Quthing 2016 174.8 209.6 | 232.7 34.8 2424 216.0 2395 | 271.2 370| 308.6| 281.2 303.0 336.2 38.0
Roma NUL 208.0( 190.4 210.7 | 228.8 29.8 250.7 | 220.0 2444 | 277.8 374 | 309.6| 279.5 312.5 338.3 36.5
Sani Pass 205 11.3 16.6 33.8 13.0 25.0 17.1 24.1 315 10.6 448 33.2 448 57.8 17.1
Sehlabathebe 56.6 38.7 53.8 75.2 20.2 80.0 63.6 76.6 925 296 | 1145 96.5 111.2 134.6 29.1
Semonkong 69.5 59.8 69.3 86.3 22.5 105.5 85.2 100.1| 1215 273 | 156.5| 138.8 150.4 186.3 31.6
St James 110.1 87.8 109.9| 1324 30.5 141.2| 1141 141.8| 169.8 366 | 186.2| 154.4 186.0 221.9 36.7
St Martins 71.9 49,9 70.2 91.8 28.4 99.6 81.3 100.4 | 127.2 356 | 146.1| 115.1 144.7 174.9 321
Teyateyaneng 217.8| 197.1 220.1| 238.9 32.7 263.9( 228.8 272.8| 291.4 322 | 321.0| 2915 320.9 345.7 38.3
Thaba Bosiu 219.5( 202.1 2159 | 244.6 33.2 268.0( 241.4 265.7| 292.3 326 | 330.7| 310.9 330.2 352.3 34.1
Thaba Tseka 115.5 94.4 122.4 | 142.2 34.3 148.3| 1239 1450 178.1 389 | 1959| 1729 196.8 227.0 36.3
Thabana Morena 224.8 | 204.7 226.5| 248.2 30.6 261.5( 2341 255.9| 278.0 29.8| 324.1| 303.5 318.1 362.9 37.6




Appendix 7: Onset of frogt, last day of frost and duration of frost for all the climate stations using 20% probability asthe

criteria.
Station First day of frost Last day of frost Duration
March April May June July August September October November
Butha Buthe 14 27 105
Kolbere 10 5 118
L ekubane 8 8 123
Leribe 15 28 105
Letseng la
Tera 3 15 226
M afeteng 27 26 91
M alefiloane 13 14 184
Mapoteng 7 28 51
Matela 9 23 106
Matsieng 6 24 79
M ejametalana 18 25 )
M ohales Hoek 31 26 87
Mokhotlong 28 12 137
M oshoeshoe | 29 26 89
Mt M oor osi 8 19 11
Nohana 14 2 100
Oxbow 30 25 209
Pitseng 15 16 93
Qachas Nek 28 22 86
Quthing 3 12 70
Roma NUL 30 2 95
Sani Pass 25 29 249
Sehlabathebe 29 30 154
Semonkong 18 27 192
St James 29 11 135
St Martins 29 19 143
Teyateyaneng 5 23 79
Thaba Bosiu 28 22 86
Thaba Tseka 7 19 135
Thabana
Morena 23 29 36




Appendix 8: Monthly rainfall statistics (mean, 20" percentile, median, 80™ percentile and standard deviation) from January to

December.

8.1 January to March monthly rainfall (mm) statisticsfor all the rainfall stations

January February Mar ch
20th 80th Std 20th 80th Std 20th 80th Std

Station Mean Per Median | Per Dev Mean | Per Median | Per Dev Mean | Per Median | Per Dev

Botsabelo 116.2 49.8 105.5 172.5 66.2 | 103.3 | 495 91.0 156.0 | 55.2 97.3 474 95.9 1436 | 51.1
Butha Buthe 119.0 64.7 103.9 165.6 65.2 96.0 64.1 91.3 137.7 | 436 | 109.8 | 64.7 105.6 1344 | 637
Fort Hatley 77.4 45,0 65.0 109.9 44,6 74.3 339 69.6 107.2 | 474 72.2 32.2 69.1 1049 | 450
Hololo Court 123.3 68.9 103.9 186.9 682 | 123.3 | 689 103.9 186.9 | 68.2 99.6 46.1 105.5 129.7 | 534
Khoshane 109.0 53.9 88.4 152.9 614 | 100.8 | 58.1 99.1 139.6 | 46.8 95.5 51.7 96.0 1449 | 46.2
Kolbere 110.6 77.0 116.3 137.7 36.8 88.7 46.0 85.0 1259 | 422 71.6 38.1 66.5 1155 | 35.8
L ekubane 172.8 91.8 174.5 237.5 89.7 | 1241 | 716 134.5 181.7 | 634 | 126.3 | 55.9 115.5 191.0 | 814
L elingoana 104.3 64.7 106.7 137.2 442 82.0 45,1 84.2 103.3 | 365 78.2 449 66.3 1119 | 415
Leribe 120.7 55.3 103.7 149.4 848 | 108.2 | 50.2 99.6 139.6 | 68.7 96.3 479 102.8 1374 | 473
L esobeng 96.0 74.2 103.9 134.7 448 70.0 27.6 64.6 1005 | 418 715 39.2 61.2 116.8 | 395
Letsengla Terai 112.6 724 105.2 145.7 51.0 | 1029 | 57.0 109.0 1430 | 554 95.0 61.7 83.3 119.7 | 394
M afeteng 112.1 495 92.6 156.7 78.0 94.5 27 74.3 1400 | 657 | 102.2 | 517 103.2 1385 | 620
M akoae 115.9 69.0 120.0 167.4 521 | 1084 | 594 101.1 161.4 | 554 | 101.2 | 545 103.0 148.3 | 55.3
M alealea 120.3 57.0 103.2 175.4 722 | 107.2 | 55.0 104.8 1409 | 577 | 1009 | 486 2.1 1519 | 573
M aphutseng 79.0 45,0 65.1 113.9 45.3 97.2 324 73.4 1396 | 851 76.7 39.8 59.2 126.6 | 433
M apoteng 112.0 59.1 100.8 143.0 77.0 95.9 494 86.4 1305 | 557 89.4 575 82.6 1204 | 428
M aputsoe 112.6 70.1 96.9 139.0 65.0 96.2 61.9 92.5 1254 | 41.2 98.8 51.7 935 138.3 | 509
Mar akabei St 121.6 74.1 116.6 161.9 574 | 1035 | 621 86.9 155.1 | 549 | 103.2 | 56.2 86.9 141.0 | 539
M ashai 83.5 314 72.0 130.1 56.9 57.2 28.8 54.1 82.8 31.8 54.0 31.2 50.0 76.0 324
Matela 125.9 62.5 116.2 186.0 656 | 106.6 | 65.7 103.3 140.2 | 526 | 101.7 | 54.2 81.1 1726 | 61.1
Matelile 86.4 48.6 78.3 111.0 53.1 73.9 31.0 55.5 111.1 | 585 87.2 35.3 72.7 137.1 | 594
Matsieng 108.8 38.2 87.5 153.5 794 | 1149 | 542 89.2 1935 | 710 92.6 37.3 78.0 151.0 | 556
M azenod 119.0 57.7 91.5 214.6 809 | 1069 | 538 84.8 149.2 | 647 | 1057 | 544 89.3 1554 | 629
M e ametalana 111.9 50.0 107.7 177.0 60.9 92.6 50.7 80.9 1379 | 543 94.9 56.1 88.9 1379 | 498
M ohales Hoek 112.7 54.4 94.3 160.5 69.8 | 102.6 | 44.2 75.4 151.1 | 69.1 95.2 55.7 90.7 1277 | 476
M ohlanapeng 113.3 68.2 119.7 142.6 423 80.6 46.0 71.0 1165 | 37.1 72.3 447 68.0 91.0 34.9
M okhatlong 112.3 62.1 105.9 151.8 50.8 83.2 50.4 81.0 1106 | 37.8 81.7 44,0 70.7 105.8 | 58.1
Moletsane 126.9 63.6 111.2 165.6 75.1 96.4 58.3 91.4 129.3 | 428 | 1046 | 50.1 90.2 162.0 | 59.0
Molimo Nthuse 120.2 62.0 109.3 170.9 722 | 1222 | 544 129.1 1778 | 686 | 111.3 | 75.7 96.4 160.9 | 537
M oshoeshoe | 120.6 59.6 103.6 183.8 853 | 1119 | 638 81.5 170.2 | 671 | 113.2 | 66.1 934 179.2 | 644




8.1 continues...

January February Mar ch
20th 80th Std 20th 80th Std 20th 80th Std

Station Mean Per Median | Per Dev Mean | Per Median | Per Dev Mean | Per Median | Per Dev

Mt Carmel 101.2 54.1 80.5 153.6 61.8 87.9 385 80.4 136.3 | 54.1 90.8 39.9 84.8 1423 | 57.3
Mt Moor osi 82.3 55.4 77.7 118.8 38.6 88.8 39.8 78.1 121.7 | 638 82.5 475 72.3 105.0 | 46.8
Mt Olivet 96.6 48.2 91.1 131.5 59.0 95.4 54.3 82.5 117.7 | 66.4 107.5 48.1 104.5 152.3 | 559
Nohana 96.8 66.5 80.2 138.2 51.2 74.1 31.6 62.0 96.5 54,7 93.7 63.0 82.7 133.3 | 476
Oxbow 182.2 126.2 156.2 245.3 786 | 139.3 | 910 136.7 182.2 | 50.6 157.1 98.3 154.2 200.9 | 69.0
Par ay 100.7 58.9 100.8 141.7 48.8 74.5 433 65.4 100.1 | 340 73.1 423 63.5 102.1 | 415
Pitseng 119.3 65.5 118.2 173.8 65.7 | 100.7 | 56.5 102.6 1395 | 539 101.2 40.8 98.2 146.3 | 54.7
Pontseng 157.2 83.8 111.6 248.9 106.8 | 1459 | 75.1 113.9 178.5 | 115.7 | 106.0 71.8 100.8 1334 | 414
Pulane 132.3 57.6 117.2 208.6 884 | 1325 | 746 118.0 1785 | 69.3 115.1 58.9 105.0 173.7 | 647
Qaba 100.3 58.4 90.3 130.8 57.1 87.7 51.1 72.0 130.6 | 474 89.4 40.6 785 1434 | 531
Qachas Nek 144.1 81.1 147.9 194.4 619 | 120.3 | 735 113.5 1615 | 531 97.9 62.9 94.2 123.8 | 494
Quthing 104.4 54.9 100.5 135.9 55.6 96.8 482 94.1 129.3 | 547 104.4 62.0 95.3 1411 | 56.7
Ramatseliso 119.7 67.6 127.9 158.5 56.0 99.5 50.2 87.7 129.0 | 68.0 98.6 430 79.9 1447 | 744
Rapase 103.4 534 103.0 141.2 471 90.2 60.5 85.7 1205 | 36.1 81.1 41.2 74.8 110.2 | 448
Roma NUL 111.5 48.3 110.6 175.2 630 | 1009 | 555 81.0 151.2 | 59.3 103.8 39.5 84.6 160.9 | 68.7
Samaria 101.5 54.9 84.8 159.3 623 | 1009 | 40.2 106.3 1409 | 665 102.6 41.2 83.2 157.7 | 811
Sani Pass 157.5 98.9 131.9 237.0 786 | 1223 | 756 113.7 1544 | 56.9 111.8 71.4 94.3 1247 | 63.7
Seaka 79.8 30.8 58.9 123.8 66.0 77.9 329 68.1 119.3 | 482 76.1 35.4 58.5 1140 | 515
Sebedia 130.7 62.4 107.5 172.5 89.6 97.4 52.3 88.6 1274 | 574 104.8 48,9 87.4 158.1 | 67.1
Sehlabathebe 135.0 86.2 133.4 169.3 51.7 | 1265 | 76.6 105.6 176.2 | 66.1 102.0 60.2 85.8 1458 | 56.7
Semonkong 100.5 58.7 93.5 139.3 492 82.4 434 80.4 109.1 | 465 86.7 47.2 81.0 119.3 | 426
St James 97.9 52.4 87.2 120.0 69.9 78.6 39.3 74.6 113.3 | 51.7 63.4 285 59.5 106.2 | 40.6
St Martins 112.1 82.0 107.0 154.6 355 | 1014 | 604 97.9 137.1 | 554 82.9 49,9 70.6 119.0 | 39.0
St Peters 122.3 74.2 112.6 149.6 56.3 | 100.7 | 621 92.7 141.3 | 407 107.1 66.3 96.1 132.8 | 57.3
Teyateyaneng 128.2 55.1 95.7 194.9 886 | 101.1 | 482 80.0 1579 | 62.7 98.1 46,7 92.9 1475 | 552
Thaba Bosiu 103.3 38.6 101.2 148.3 71.2 | 100.7 | 46.1 84.2 151.2 | 639 95.3 57.8 83.4 117.8 | 48.2
Thaba Khupa 110.6 494 934 177.4 649 | 107.4 | 583 105.8 158.3 | 55.2 98.3 55.5 74.2 154.3 | 56.8
Thaba Tseka 102.8 59.8 103.9 140.5 47.0 935 58.7 94.4 128.1 | 39.3 76.0 45.8 63.7 1105 | 38.8
Thabana Morena | 104.7 49,0 95.3 161.9 66.9 97.4 52.1 95.6 1326 | 51.3 97.6 46.2 87.3 1409 | 685
Tsilo 90.6 31.8 86.9 127.2 66.9 86.2 38.7 77.7 120.2 | 50.0 91.9 36.7 86.1 1319 | 610
Tsoelike 101.7 53.7 115.3 140.1 475 79.2 45,1 79.7 113.2 | 381 70.5 44 73.0 88.7 33.9
Whitehill 95.6 61.6 84.2 131.2 437 81.5 48,6 80.5 106.1 | 405 75.7 438 59.3 108.4 | 457




8.2 April to June monthly rainfall (mm) statisticsfor all therainfall stations

April M ay June
20th 80th Std 20th 80th Std 20th 80th | Std
Station M ean Per Median | Per Dev Mean | Per Median | Per Dev M ean Per Median | Per Dev
Botsabelo 554 24.7 43.3 93.0 37.8 26.2 4.0 14.0 48.3 285 124 0.0 9.0 219 | 135
Butha Buthe 53.7 21.7 55.9 80.7 34.0 25.2 54 16.2 46.1 23.7 11.9 0.0 6.6 211 | 135
Fort Hatley 42.6 16.7 37.6 61.6 31.6 21.3 0.0 18.8 422 24.2 14.2 0.0 11.2 260 | 12.7
Hololo Court 43.7 18.2 40.8 64.1 30.3 21.6 4.8 134 37.7 21.1 10.3 0.0 4.7 163 | 136
Khoshane 58.0 19.9 55.9 90.4 34.0 27.2 3.3 15.3 47.3 30.9 174 1.8 14.8 233 | 238
Kolbere 46.5 184 44.0 66.2 34.2 18.6 15 10.9 419 20.6 14.8 0.0 4.2 319 [ 201
L ekubane 75.8 36.1 64.8 122.2 44.3 39.5 13.6 25.8 52.2 33.2 144 0.7 8.2 231 | 16.6
L elingoana 38.3 20.4 36.4 50.3 26.4 19.2 2.3 115 26.0 33.7 104 0.3 2.1 140 | 245
Leribe 59.5 225 50.2 99.4 404 23.6 3.3 13.2 374 23.9 12.2 0.0 7.5 196 | 187
L esobeng 38.9 20.5 40.8 54.7 20.9 14.5 0.0 111 23.2 17.3 9.8 0.0 6.7 174 | 116
LetsenglaTerai 43.3 234 44.3 62.4 20.9 19.9 45 11.3 30.8 21.0 11.8 2.8 5.1 210 | 128
M afeteng 64.7 285 47.8 97.0 48.1 26.9 1.6 17.2 51.7 27.3 13.9 1.8 10.0 239 [ 159
Makoae 72.0 25.8 59.0 108.5 51.8 374 3.0 29.1 70.9 41.8 24.8 8.0 19.1 375 | 252
Malealea 66.2 29.1 54.9 93.1 49.3 31.8 7.1 234 53.1 31.0 227 0.5 20.3 387 | 221
Maphutseng 57.3 24.1 34.2 74.7 53.6 25.1 0.0 16.2 42.6 30.2 16.0 15 12.8 272 | 138
M apoteng 53.0 13.0 38.6 91.4 43.2 23.9 0.0 12.7 38.9 29.0 11.3 0.0 3.7 206 | 147
Maputsoe 50.2 12.7 459 79.8 40.2 25.0 1.7 9.5 51.6 320 11.3 0.0 4.8 219 | 142
Marakabei St 58.5 26.2 56.5 75.7 35.9 25.9 6.2 174 42.0 24.8 17.0 2.5 12.7 329 | 177
Mashai 27.0 9.4 26.0 46.5 19.7 7.8 0.0 1.8 18.0 10.8 6.2 0.0 0.2 121 | 109
Matela 67.1 25.4 53.7 105.0 452 24.3 15 11.3 46.8 254 11.9 0.0 6.0 206 | 144
Matelile 54.2 17.9 457 70.9 432 2.4 1.6 15.7 40.1 21.1 12.8 0.0 7.3 295 [ 152
Matsieng 58.0 22.3 38.8 67.5 67.5 20.4 0.0 16.2 41.7 21.1 12.6 0.0 3.4 27 | 145
Mazenod 515 16.5 421 89.1 409 21.7 2.1 13.6 37.2 23.7 9.2 0.1 6.0 16.8 | 10.3
Mejametalana 56.6 22.3 50.1 81.7 35.8 257 2.7 12.0 44.7 28.7 11.6 0.9 8.2 207 | 117
M ohales Hoek 63.0 284 59.5 89.4 43.3 23.7 15 19.2 36.9 23.8 18.1 3.2 10.2 305 | 17.6
M ohlanapeng 35.3 174 318 54.6 20.7 14.9 0.0 9.5 29.9 15.3 8.8 0.0 3.7 168 | 11.0
Mokhotlong 345 17.9 34.1 47.3 18.7 124 0.4 11.0 19.6 114 7.6 0.0 4.3 14.7 9.7
Moletsane 63.1 26.0 67.0 95.6 384 25.8 1.9 189 455 27.6 15.1 3.0 10.0 248 | 155
Molimo Nthuse 68.3 315 59.9 102.7 45.8 28.9 6.1 20.0 43.5 31.0 18.8 3.6 145 26.1 | 20.2
M oshoeshoe | 48.2 17.0 474 71.4 35.3 24.4 3.1 16.0 46.7 26.9 11.9 0.2 7.8 29 | 121




8.2 continues...

April May June
20th 80th Std 20th 80th Std 20th 80th Std

Station Mean | Per Median | Per Dev Mean Per Median | Per Dev M ean Per | Median | Per Dev

Mt Carmel 61.6 10.1 49.6 82.0 62.0 26.4 0.4 20.1 30.5 37.3 16.6 0.6 11.4 28.3 16.7
Mt Moor osi 4.7 9.0 36.0 68.8 35.7 22.8 1.7 19.9 35.7 25.7 125 0.0 8.9 20.7 13.0
Mt Olivet 53.1 25.8 49.1 66.0 389 21.8 0.0 19.1 409 22.7 16.5 0.0 7.0 26.4 23.2
Nohana 36.0 9.6 35.2 51.7 26.6 18.6 2.2 12.6 25.6 24.6 16.7 0.0 6.1 33.1 22.2
Oxbow 87.6 34.6 79.9 1329 | 538 45,0 13.4 32.3 735 41.3 20.3 3.9 11.1 37.7 23.3
Par ay 4.7 20.5 404 57.2 25.7 16.1 1.3 11.7 27.6 16.3 8.7 0.0 3.6 16.3 12.2
Pitseng 57.3 25.6 485 79.5 49,1 255 4.3 15.1 54.0 25.9 13.4 0.0 10.1 25.8 14.8
Pontseng 65.6 35.4 54.4 90.1 41.3 27.2 0.0 10.0 46.1 38.3 18.2 0.0 9.8 36.1 19.7
Pulane 66.3 32.0 535 94.4 48,6 26.7 1.4 185 497 28.4 18.1 0.0 10.3 25.9 277
Qaba 63.1 16.8 48.0 82.4 61.6 28.0 0.0 12.9 49.8 32.3 125 0.0 9.0 19.4 12.2
Qachas Nek 411 24.8 37.7 58.1 19.6 15.2 25 11.6 24.6 135 15.8 0.0 6.3 22.6 24.6
Quthing 66.7 31.6 60.7 99.9 419 30.5 5.1 26.0 51.2 30.7 19.9 5.4 14.3 34.2 16.0
Ramatseliso 34.9 9.5 35.9 54.8 23.6 11.3 0.7 6.0 18.3 13.6 9.0 0.0 4.3 15.8 13.8
Rapase 39.5 23.2 34.7 59.5 20.9 16.7 3.5 135 32.2 14.9 14.4 0.1 6.5 18.8 224
Roma NUL 63.7 27.3 54.3 89.7 48.3 34.6 2.2 19.4 499 46.3 24.3 2.0 14.8 32.7 31.8
Samaria 59.4 19.8 51.1 96.9 47 24.9 1.3 13.9 42,0 30.2 15.0 0.0 6.3 28.8 23.1
Sani Pass 429 14.5 477 61.7 29.0 114 0.1 8.6 23.7 12.1 5.4 0.0 0.0 13.6 8.7
Seaka 40,9 10.6 30.7 725 329 18.9 0.0 10.2 35.7 20.9 125 0.0 10.9 21.7 12.1
Sebedia 88.4 175 49,1 86.8 | 185.2 29.2 2.2 16.0 47,0 354 12.4 0.0 6.9 19.7 15.0
Sehlabathebe 40.1 184 422 54.9 24.4 13.7 1.4 8.8 29.1 134 9.6 0.0 3.4 15.2 13.4
Semonkong 455 21.6 405 64.6 30.5 25.9 4.2 21.3 40.3 24.4 13.1 2.0 9.0 18.7 14.2
St James 33.0 13.3 33.2 446 27.9 12.2 0.1 10.8 21.0 11.9 7.8 0.0 3.3 11.3 11.6
St Martins 47 22.3 40.1 68.7 29.3 23.8 5.0 20.1 394 21.7 9.3 0.0 3.3 20.1 13.6
St Peters 52.8 26.6 48.1 75.7 29.9 25.7 5.9 15.8 37.6 26.3 10.6 0.4 7.4 20.1 12.1
Teyateyaneng 63.3 29.9 555 97.5 36.2 24.1 0.2 135 459 27.6 15.7 1.8 10.4 25.1 16.3
Thaba Bosiu 54.9 24.8 45,0 78.6 40.8 24.0 25 155 46.1 25.6 11.6 0.0 6.5 20.8 13.2
Thaba Khupa 49,7 18.8 437 74.9 36.6 25.8 4.2 16.9 38.8 27.8 11.8 0.0 7.6 20.8 135
Thaba Tseka 35.9 15.9 285 59.8 24.0 134 0.5 10.0 26.4 13.0 7.6 0.0 3.0 14.6 9.3
Thabana Morena | 54.6 26.7 434 74.3 433 24.5 3.8 16.5 40.7 25.9 15.5 1.9 9.5 24.8 15.8
Tsilo 50.1 22.5 40.6 56.3 47.6 26.5 2.7 17.8 445 29.3 11.8 3.0 9.4 19.4 11.5
Tsoelike 30.5 16.0 30.0 452 19.0 115 0.0 9.8 21.2 11.3 114 0.0 4.3 14.6 20.2
Whitehill 24 23.2 36.4 65.0 24.3 16.9 1.0 10.4 33.3 16.5 16.5 1.2 9.2 20.7 23.3




8.3 July to September monthly rainfall (mm) statisticsfor all therainfall stations

July August September
20th 80th Std 20th 80th Std 20th 80th Std

Station Mean Per Median | Per Dev Mean Per Median | Per Dev Mean | Per Median | Per Dev

Botsabelo 10.4 0.0 2.4 23.1 15.7 20.6 0.0 135 36.2 24.7 27.4 3.8 15.8 484 31.7
Butha Buthe 9.6 0.0 2.8 17.6 12.2 23.6 0.0 9.7 52.0 30.7 27.6 5.5 15.1 40,5 33.1
Fort Hatley 8.6 0.0 45 14.0 10.8 22.3 0.7 15.2 39.6 24.1 279 1.4 16.8 58.0 29.6
Hololo Court 9.5 0.0 1.7 15.9 17.2 23.4 1.1 9.5 459 30.2 28.7 3.8 18.4 45,6 28

Khoshane 12.2 0.0 6.6 23.7 14.6 26.6 1.9 135 46,0 325 35.8 6.6 15.7 64.8 36.7
Kolbere 135 0.0 5.3 31.2 18.6 23.3 0.0 15.4 44.2 285 32.1 4.4 15.0 422 4.4
L ekubane 16.3 0.0 45 31.5 25.8 40.1 7.7 205 79.4 429 56.0 17.0 47.7 97.3 431
L elingoana 10.7 0.0 2.8 11.5 25.4 16.1 1.2 10.6 26.9 17.6 26.3 7.6 16.6 38.8 26.8
Leribe 7.9 0.0 2.8 12.4 12.5 19.5 0.4 7.8 25.6 275 29.3 3.0 16.5 48.3 33.2
L esobeng 8.8 0.0 4.4 19.1 9.7 22.4 0.0 14.4 46.1 26.9 324 45 14.9 47.6 40.4
Letsengla Terai 10.9 0.6 4.4 17.7 13.6 22.1 1.3 13.3 37.6 26.0 44.6 8.8 29.6 66.9 54.8
M afeteng 9.7 0.0 3.8 15.3 13.9 22.4 0.0 13.1 35.2 279 25.3 2.5 10.4 422 34.3
M akoae 20.4 3.5 12.3 26.5 27.1 36.2 8.0 27.6 68.5 32.3 474 14.9 24.8 76.0 50.3
M alealea 16.2 0.0 8.5 25.4 21.0 29.3 45 16.8 63.4 29.9 36.9 4.1 20.1 64.9 39.9
M aphutseng 9.9 0.0 1.4 17.3 135 26.8 0.0 19.7 46.3 31.2 34.1 1.8 21.2 57.1 34.4
M apoteng 7.7 0.0 2.5 10.9 12.6 23.8 0.5 13.0 484 28.4 24.2 3.0 15.3 431 25.9
M aputsoe 6.9 0.0 0.8 9.4 13.9 24.1 0.0 7.6 47,6 314 28.4 15 20.7 36.4 37.9
Mar akabei St 14.1 0.5 11.0 21.4 18.6 29.1 2.8 24.0 51.7 28.6 38.3 8.8 26.1 68.2 35.2
M ashai 4.0 0.0 0.0 8.7 6.1 15.7 0.0 9.9 22.1 21.1 21.4 0.9 11.0 36.2 27.1
Matela 10.7 0.0 3.2 19.7 16.0 27.1 0.0 21.9 53.6 28.4 32.2 5.7 16.4 64.0 34.9
Matelile 115 0.0 2.1 15.4 19.7 28.6 0.0 17.5 52.5 31.6 25.7 4.0 18.1 41.2 30

Matsieng 6.8 0.0 1.0 15.8 9.4 21.9 0.0 9.8 42,6 29.9 27.3 2.2 16.8 38.6 39.7
Mazenod 9.7 0.0 0.8 17.2 16.5 22.1 0.2 10.3 428 26.0 33.3 2.6 18.6 61.4 38.3
M e ametalana 8.6 0.0 2.1 16.6 12.8 18.4 0.2 11.1 34.8 21.2 27.4 3.2 15.6 439 33.3
M ohales Hoek 10.1 0.0 4.1 16.9 15.0 26.3 0.5 11.2 50.8 315 30.5 1.0 20.8 53.3 34.9
M ohlanapeng 9.1 0.0 5.4 18.0 11.3 23.9 1.0 15.0 37.1 28.1 28.3 49 13.2 48,7 325
Mokhotlong 5.5 0.0 1.6 8.5 9.7 14.4 0.8 8.4 14.1 21.4 279 4.2 12.4 39.1 40.2
Moletsane 115 0.7 4.7 16.1 15.8 26.9 0.4 12.0 54.4 33.6 30.8 5.1 22.3 58.5 31.3
Molimo Nthuse 13.9 0.0 6.3 18.4 20.4 31.0 0.1 23.8 54.8 34.8 39.9 0.4 26.8 66.0 46,7
M oshoeshoe | 6.9 0.1 2.4 13.4 9.2 23.6 0.1 16.2 50.9 25.2 27.8 2.1 16.2 51.6 33.3




8.3 continues...

July August September
20th 80th Std 20th 80th Std 20th 80th Std

Station Mean Per Median | Per Dev Mean Per Median | Per Dev Mean | Per Median | Per Dev

Mt Carmel 6.6 0.0 14 10.0 13.1 21.5 0.0 8.1 41.6 26.8 335 1.6 21.6 55.1 39.3
Mt Moor osi 9.8 0.0 5.5 16.2 14.4 25.3 0.2 10.4 46,0 279 315 8.8 21.2 448 32.6
Mt Olivet 9.9 0.0 1.3 12.0 20.2 305 0.0 16.9 66.4 37.1 374 6.8 23.7 63.4 39.1
Nohana 6.3 0.0 1.6 10.4 9.7 24.0 2.8 155 39.9 26.0 23.1 7.2 13.7 374 23.8
Oxbow 15.4 0.1 8.3 33.6 17.2 40.3 6.5 30.1 65.9 40.8 54.4 13.1 435 924 50.3
Par ay 7.1 0.0 4.3 12.6 9.4 20.4 0.0 10.5 335 24.8 274 4.6 13.0 38.8 35.9
Pitseng 11.8 0.0 3.8 19.2 16.9 24.0 0.0 10.8 448 33.1 34.0 8.3 26.0 482 37.6
Pontseng 16.6 0.0 0.4 26.8 27.8 32.8 0.0 16.2 52.2 474 38.0 41 28.8 78.2 35.8
Pulane 115 0.0 4.0 22.3 15.9 32.8 0.9 15.0 62.8 38.3 43,0 5.6 205 90.7 49,9
Qaba 11.9 0.0 11 15.0 20.2 27.1 0.0 18.0 37.9 32.0 34.2 6.0 24.4 47.0 33.2
Qachas Nek 11.2 0.0 3.3 235 16.2 20.3 1.9 17.4 34.0 20.7 35.0 10.7 24.4 50.8 42,0
Quthing 12.1 0.1 8.1 19.5 13.8 26.8 2.8 16.6 446 30.4 37.6 6.3 20.3 74.1 40,5
Ramatseliso 9.4 0.0 0.0 9.3 17.2 14.9 0.1 5.8 28.2 16.4 21.7 5.6 175 39.4 18.0
Rapase 9.1 0.0 45 15.5 12.0 175 0.6 14.0 26.5 18.2 29.6 5.9 14.7 46,7 32.8
Roma NUL 20.2 0.0 7.7 31.3 30.2 34.2 2.2 11.8 55.3 46.3 451 6.5 279 79.0 448
Samaria 10.7 0.0 2.2 214 16.4 27.2 0.0 22.6 51.9 30.7 31.3 41 234 54.3 35.1
Sani Pass 5.6 0.0 0.0 9.6 8.6 15.3 0.6 9.3 23.7 19.9 27 6.2 321 63.4 430
Seaka 7.4 0.0 2.1 14.8 9.6 19.8 0.0 15.8 31.6 21.6 28.9 6.2 13.8 385 35.8
Sebedia 8.9 0.0 5.5 14.0 10.4 25.2 0.5 14.8 40.4 31.8 37.3 6.0 14.5 58.3 45,1
Sehlabathebe 13.7 0.0 3.5 235 21.2 16.3 0.1 10.8 32.2 17.8 42,0 9.5 28.0 63.5 48.3
Semonkong 12.3 15 5.5 21.4 15.1 26.8 0.8 15.3 21 31.7 40.0 8.7 220 68.1 41.3
St James 8.1 0.0 0.9 15.7 12.2 15.4 0.0 8.4 33.3 19.3 31.6 5.1 13.1 454 55.6
St Martins 13.6 0.0 6.5 20.6 21.1 26.8 0.0 17.1 47.3 29.2 419 6.9 30.2 59.8 48,9
St Peters 8.8 0.0 2.4 19.7 10.9 24.8 4.6 14.0 39.4 31.8 34.1 7.0 21.6 56.0 36.9
Teyateyaneng 7.5 0.0 5.0 12.6 9.7 21.2 17 10.5 389 25.3 31.1 2.5 16.0 46.3 38.7
Thaba Bosiu 9.6 0.0 47 14.6 15.3 25.3 0.0 8.4 48.3 344 26.1 42 14.8 47.3 28.7
Thaba Khupa 8.8 0.0 2.3 14.6 13.6 22.5 0.0 12.6 433 24.4 275 5.6 16.4 48,6 26.7
Thaba Tseka 6.9 0.0 3.8 12.1 9.9 21.3 0.2 11.3 46,0 24.4 30.2 3.3 14.5 47.6 37.0
Thabana Morena 10.2 0.0 2.6 16.4 14.7 21.1 0.0 9.8 31.3 26.9 26.1 3.8 16.4 41.0 29.3
Tsilo 13.0 0.0 4.1 24.7 19.7 24.2 0.0 18.1 37.6 29.2 26.3 3.5 20.3 442 235
Tsoelike 9.2 0.0 3.0 17.0 14.1 14.6 0.0 9.2 25.6 175 239 45 14.8 40.7 26.0
Whitehill 9.4 0.0 3.7 15.4 13.1 20.3 1.1 16.3 33.8 20.8 27.8 5.9 17.8 47.3 31.1




8.4 October to December monthly rainfall (mm) statisticsfor all therainfall stations

October November December
20th 80th Std 20th 80th Std 20th 80th Std

Station M ean Per Median | Per Dev M ean Per Median | Per Dev Mean | Per Median | Per Dev

Botsabelo 66.3 26.0 60.3 106.6 | 42.2 82.8 445 67.4 130.9 46.4 87.0 427 76.0 119.0 | 51.3
Butha Buthe 71.0 40.9 66.8 101.0 | 35.6 101.3 60.4 101.2 136.9 51.1 98.0 66.7 94.4 137.8 | 432
Fort Hatley 57.1 21.3 445 92.0 425 61.7 30.8 545 77.3 36.8 74.5 30.7 67.9 1156 | 44.2
Hololo Court 67.7 23.7 62.6 102.3 | 40.9 107.6 55.0 95.7 160.5 60.6 | 102.0 | 53.2 90.6 141.1 | 70.0
Khoshane 74.5 314 64.2 131.6 | 482 934 49.0 845 132.4 55.2 97.0 55.0 96.8 120.1 | 458
Kolbere 79.3 27.2 62.0 1226 | 549 87.1 57.2 915 119.7 35.9 84.5 50.6 80.1 1239 | 429
L ekubane 98.3 56.9 835 1558 | 61.2 115.9 65.7 101.5 164.7 535 | 129.3 | 730 107.6 188.9 | 726
L elingoana 64.8 32.3 60.9 90.8 36.2 76.4 44.2 71.3 105.5 36.9 85.5 52.6 819 1115 | 404
Leribe 67.8 35.3 60.0 102.6 | 39.2 924 46.0 77.1 128.1 61.7 | 100.8 | 56.2 93.9 129.9 | 50.6
L esobeng 65.0 40.3 60.1 91.2 36.6 84.1 384 69.8 94.9 64.5 83.8 35.5 87.6 112.8 | 55.9
LetsenglaTerai 88.3 52.7 76.5 111.3 | 39.7 103.0 60.2 105.7 130.4 409 | 109.6 | 799 109.5 136.3 | 387
M afeteng 62.0 24 58.5 101.2 | 47.6 80.5 404 69.1 124.9 52.3 85.4 34.3 78.5 126.1 | 60.1
Makoae 85.4 29.9 79.2 143.0 | 521 96.9 52.8 83.3 143.7 64.0 | 1249 | 58.0 103.5 197.2 | 80.7
Malealea 74.6 30.2 73.3 115.0 | 524 104.7 51.2 95.8 157.5 61.4 89.3 454 87.3 128.0 | 51.6
Maphutseng 814 165 58.5 121.3 | 729 89.5 497 64.7 131.9 73.8 77.9 385 79.1 128.1 | 47.8
M apoteng 74.2 34.7 81.1 109.2 | 41.1 97.5 55.2 110.6 127.2 48.1 87.0 48.3 92.8 119.3 | 488
Maputsoe 65.3 27.6 65.7 106.8 | 40.7 87.9 67.4 835 129.9 404 | 1015 | 76.0 105.5 1325 | 354
Marakabei St 815 40.6 71.1 1176 | 48.0 88.6 55.0 82.8 129.3 484 | 105.1 | 66.5 106.4 1474 | 482
M ashai 477 18.2 40.1 81.4 35.5 59.3 26.5 57.0 88.3 33.3 61.0 34.1 61.8 87.2 29.7
Matela 85.1 46.2 84.8 123.1 | 515 88.1 51.3 80.9 138.8 444 | 1053 | 56.9 96.7 1418 | 55.1
Matelile 68.3 25.0 525 111.6 | 533 78.7 46.0 72.4 115.0 48.8 80.7 320 83.1 1195 | 49.6
Matsieng 71.7 314 69.5 110.2 | 50.3 99.9 44.6 97.6 148.8 60.2 | 109.0 | 815 103.7 1289 | 64.0
Mazenod 78.1 29.0 79.1 121.2 | 474 87.7 47.3 82.8 113.9 51.2 94.9 51.9 92.9 125.3 | 50.8
Mejametalana 66.6 22.7 62.8 105.8 | 435 83.2 38.7 66.1 132.8 46.9 85.9 444 83.3 119.8 | 49.0
M ohales Hoek 64.5 18.8 53.3 119.7 | 52.8 80.5 37.6 71.3 110.8 525 95.6 40.3 91.7 1419 | 60.9
M ohlanapeng 64.8 37.2 55.0 101.6 | 38.6 74.7 39.7 69.0 102.4 36.6 83.6 46.5 85.2 109.0 | 40.6
Mokhotlong 63.4 28.8 57.2 88.3 39.2 79.7 47.8 84.0 112.0 35.0 88.7 61.0 88.3 1184 | 321
Moletsane 88.4 47.1 87.0 1443 | 49.7 95.8 54.8 96.9 137.2 456 | 1181 | 621 125.6 155.5 | 495
Molimo Nthuse 935 321 90.1 155.8 | 60.5 974 46.3 75.7 158.4 63.2 | 108.4 | 56.7 108.1 137.0 | 67.2
M oshoeshoe | 78.1 339 74.3 117.7 | 46.3 83.9 39.6 79.8 112.2 487 | 100.1 | 58.1 104.5 129.5 | 53.0




8.4 continues...

October November December
20th 80th Std 20th 80th Std 20th 80th Std

Station Mean Per Median | Per Dev Mean Per Median | Per Dev Mean | Per Median | Per Dev

Mt Carmel 69.8 24.8 65.1 105.7 | 579 85.0 32.0 75.4 99.1 97.7 75.1 21.4 74.3 106.8 | 59.5
Mt Moor osi 59.7 18.7 50.4 94.8 45,9 74.6 29.0 67.2 104.5 46.2 83.3 36.8 75.0 128.7 | 488
Mt Olivet 61.3 21.7 59.1 93.2 451 78.7 339 78.4 113.0 47.1 77.6 37.8 84.2 110.0 | 427
Nohana 58.7 8.1 53.7 90.8 58.5 68.3 23.1 54.3 86.3 67.0 93.4 39.2 87.3 1426 | 575
Oxbow 129.2 71.8 119.6 179.3 | 63.0 161.6 105.5 147.6 205.9 79.7 | 169.7 | 114.6 169.1 2255 | 618
Par ay 60.5 310 50.4 86.9 34.7 73.3 445 68.8 103.6 35.8 77.4 27 83.7 103.4 | 380
Pitseng 72.1 321 66.9 1143 | 425 98.4 535 97.2 148.1 487 | 110.1 | 69.6 104.8 156.9 | 50.1
Pontseng 119.9 475 102.5 163.1 | 102.7 127.2 98.3 127.5 162.9 439 | 130.3 | 80.0 120.5 176.9 | 54.7
Pulane 95.7 497 90.1 139.8 | 56.8 112.6 48.3 98.0 183.2 724 | 105.0 | 39.2 95.2 1543 | 722
Qaba 69.6 26.5 525 96.1 57.3 83.8 35.0 77.6 118.8 57.1 99.1 55.0 99.8 151.0 | 505
Qachas Nek 71.1 46.7 64.5 1025 | 382 85.3 534 79.1 114.3 377 | 1210 | 723 119.0 1715 | 58.8
Quthing 67.7 22.4 52.8 109.0 | 489 81.8 36.5 72.7 121.1 52.7 96.2 61.8 100.9 1255 | 51.1
Ramatseliso 61.4 28.8 49,0 102.4 | 385 77.8 32.2 66.2 105.9 474 91.4 50.1 88.5 1395 | 484
Rapase 61.4 26.4 51.3 89.0 40.2 73.6 40.6 63.4 94.6 454 92.7 56.7 85.4 129.2 | 443
Roma NUL 82.3 30.9 70.0 132.7 | 53.6 87.9 423 76.8 139.0 53.3 94.5 56.2 91.8 123.8 | 51.8
Samaria 62.6 45 529 120.0 | 537 86.5 315 81.3 115.7 66.9 89.6 33.6 76.5 122.4 | 737
Sani Pass 73.0 38.1 71.8 106.8 | 344 95.6 48.6 104.4 124.2 481 | 1347 | 851 118.8 1633 | 77.7
Seaka 46,9 13.2 36.5 74.8 45,1 50.9 19.9 34.9 65.8 52.0 64.1 17.6 62.6 109.5 | 472
Sebedia 77.4 344 77.3 1242 | 46.0 104.9 61.9 108.2 140.0 415 | 1106 | 710 111.7 1539 | 57.0
Sehlabathebe 71.1 394 59.5 1025 | 37.0 89.5 51.6 87.4 126.4 420 | 1123 | 773 112.1 139.0 | 428
Semonkong 68.1 31.6 64.6 115.1 | 453 73.3 46.0 68.7 103.8 38.6 86.3 55.2 69.7 1248 | 41.3
St James 59.5 24.1 58.0 91.7 38.2 66.3 30.6 68.1 92.5 41.3 75.0 40.1 72.8 108.7 | 476
St Martins 9.4 409 80.5 138.2 | 730 94.6 428 103.8 132.0 449 99.1 65.5 94.8 1257 | 431
St Peters 86.5 53.8 79.4 126.8 | 44.7 111.6 59.0 108.0 165.7 569 | 117.0 | 829 114.0 167.8 | 49.8
Teyateyaneng 77.3 29.2 69.5 1189 | 583 100.5 499 97.3 154.0 56.1 92.7 487 95.0 125.1 | 443
Thaba Bosiu 86.2 24.1 97.4 1246 | 575 90.9 428 81.0 136.9 54.1 92.4 477 89.4 138.4 | 479
Thaba Khupa 73.6 25.7 75.1 1104 | 514 775 34.3 785 111.6 44,0 85.2 47.2 75.8 111.0 | 51.8
Thaba Tseka 70.1 41.6 64.7 101.4 | 36.6 73.1 409 725 99.7 31.2 89.7 56.5 86.3 109.3 | 39.1
Thabana Morena 64.7 21.2 63.3 924 454 94.9 438 80.0 139.0 77.8 85.5 415 834 119.9 | 470
Tsilo 61.1 16.7 60.7 935 448 85.5 38.0 76.6 113.0 52.1 92.0 335 89.0 133.0 | 622
Tsoelike 497 24.0 414 68.5 34.5 59.6 38.0 53.6 85.3 329 825 55.0 80.8 110.0 | 37.2
Whitehill 65.6 32.0 59.2 96.4 422 72.7 36.2 71.8 96.0 394 87.9 60.2 82.7 1232 | 401




Appendix 9: Annual, wet season and dry season rainfall statistics (mean, minimum, 20" per centile, median, 80" per centile,
maximum and standard deviation

9.1 Annual rainfall statisticsfor all therainfall stations

20th 80th Std 20th 80th Std

Station M ean Min Perc | Median | Perc M ax Dev | Station Mean | Min Perc | Median | Perc M ax Dev
Botsabelo 707 416 585 691 848 1003 149 | Mt Moorosi 612 283 450 572 735 1326 217
Butha Buthe 745 348 609 727 917 1188 167 | Mt Olivet 686 215 533 704 815 981 185
Fort Hatley 555 253 416 538 655 987 162 | Nohana 608 307 424 642 700 1035 184
Hololo Court 732 423 573 711 877 1282 182 | Oxbow 1205 872 1017 1174 1374 | 1664 201
Khoshane 750 482 579 745 900 1017 164 | Paray 580 256 492 577 679 887 125
Kolbere 670 334 568 650 766 994 153 | Pitseng 767 488 631 748 895 1245 172
L ekubane 1012 539 759 1050 1205 | 1452 266 | Pontseng 984 655 770 921 1060 | 2367 345
L elingoana 612 382 478 596 730 1065 147 | Pulane 906 367 714 893 1152 | 1317 246
Leribe 739 408 568 685 866 1488 220 | Qaba 712 401 531 697 842 1261 211
L esobeng 596 268 423 614 744 998 186 | QachasNek 777 401 619 801 925 1079 164
LetsenglaTerai 764 535 631 779 871 1086 136 | Quthing 744 460 552 715 894 1292 196
M afeteng 703 327 544 680 888 1160 192 | Ramatseliso 654 364 439 571 852 1232 223
Makoae 869 445 659 800 987 1829 285 | Rapase 626 364 489 615 754 1002 145
Malealea 800 369 659 803 988 1135 189 | Roma NUL 809 440 614 822 988 1412 218
Maphutseng 669 353 444 630 821 1378 241 | Samaria 720 215 538 678 918 1149 241
Mapoteng 695 325 529 687 861 1100 193 | Sani Pass 826 494 629 823 1018 | 1188 209
Maputsoe 705 453 619 719 783 964 130 | Seaka 524 224 362 522 745 915 208
Marakabei St 785 425 630 770 916 1315 184 855 406 653 822 981 1659 276
John Sebedia
Mashai 445 109 352 469 537 737 132 | Sehlabathebe 772 413 682 771 884 1061 135
Matela 786 413 674 787 922 1106 172 | Semonkong 659 255 523 638 779 1183 189
Matelile 629 339 501 665 787 859 162 | St James 550 183 393 576 678 1006 193
Matsieng 745 365 587 734 870 1148 196 | St Martins 740 369 618 742 872 1122 151
Mazenod 741 352 544 728 904 1275 227 | St Peters 805 520 695 811 934 1107 140
Mejametalana 684 401 582 667 778 1033 146 | Teyateyaneng 761 500 614 694 945 1193 186
M ohales Hoek 723 292 555 714 865 1284 205 | ThabaBosiu 722 291 617 734 849 1113 188
M ohlanapeng 609 352 520 600 705 887 126 | Thaba Khupa 702 334 609 684 860 1061 184
Mokhotlong 612 380 469 624 711 875 126 | Thaba Tseka 620 391 521 615 721 850 115

803 447 673 812 954 1121 182 | Thabana 696 390 571 694 809 1185 168
Moletsane Morena
Molimo Nthuse 852 207 710 858 1087 | 1278 238 | Tsilo 657 281 409 629 857 1131 249
M oshoeshoe | 752 359 584 739 964 1233 213 | Tsoelike 546 305 444 565 653 870 130
Mt Carmel 676 217 424 711 845 1193 258 | Whitehill 613 385 482 604 738 946 141




9.2 Wet season (October to April) rainfall (mm) statisticsfor all therainfall stations

20th 80th Std 20th 80th Std

Station Mean | Min | Perc | Median | Perc | Max Dev | Station Mean | Min Perc | Median | Perc | Max Dev
Botsabelo 608 340 463 638 720 964 145 Mt M oor osi 513 243 424 491 501 968 149
Butha Buthe 647 262 535 654 748 1056 141 Mt Olivet 561 369 437 553 661 821 126
Fort Hatley 460 261 333 449 616 732 129 Nohana 514 288 402 499 605 887 151
Hololo Court 633 338 498 613 741 1214 169 | Oxbow 1025 668 858 1048 1171 1374 170
K hoshane 635 324 509 680 740 845 145 Par ay 503 229 398 502 602 814 122
Kolbere 575 340 432 537 702 923 152 Pitseng 658 277 490 638 814 992 179
L ekubane 855 444 653 903 1001 1290 212 Pontseng 863 435 673 817 1011 1684 293
L elingoana 528 301 441 480 599 1147 138 Pulane 760 164 576 792 951 1253 248
Leribe 642 359 503 588 755 1436 214 Qaba 590 344 479 563 738 944 155
L esobeng 513 198 379 491 651 988 180 Qachas Nek 681 295 561 693 779 1089 153
LetsenglaTerai 641 236 563 627 769 1006 149 Quthing 617 328 519 602 733 929 145
M afeteng 604 307 438 605 749 970 173 Ramatseliso 585 164 416 530 744 1030 221
M akoae 706 450 536 647 893 1207 198 Rapase 541 286 428 520 640 835 129
M alealea 661 368 559 686 760 951 141 Roma NUL 661 386 4381 666 803 1120 177
Maphutseng 553 310 410 496 658 1115 181 Samaria 593 141 456 584 750 1168 229
M apoteng 613 158 480 635 725 1036 176 Sani Pass 756 297 561 748 913 1385 259
M aputsoe 610 406 473 593 738 976 142 Seaka 435 171 293 456 548 808 165
Marakabei St

John 659 321 565 619 773 1203 170 Sebedia 740 529 566 690 846 1651 242
M ashai 388 150 299 389 459 733 118 Sehlabathebe 678 408 566 660 747 1177 147
M atela 674 315 530 704 813 912 152 Semonkong 538 283 408 527 672 1090 160
Matelile 524 169 421 513 624 828 140 St James 464 72 318 469 578 977 178
Matsieng 661 399 544 626 815 925 146 St Martins 624 323 538 618 719 1018 146
M azenod 630 313 457 635 784 987 179 St Peters 697 365 582 715 815 1038 137
Mejametalana 592 333 453 595 729 870 139 Teyateyaneng 649 341 517 666 776 1073 165
M ohales Hoek 612 239 489 604 715 1066 155 ThabaBosiu 630 323 482 583 753 1095 184
M ohlanapeng 527 305 427 517 625 805 115 Thaba Khupa 599 225 458 508 753 863 169
Mokhotlong 541 336 445 537 626 833 113 Thaba Tseka 536 380 454 512 627 743 93

Thabana

Moletsane 687 444 531 679 843 1003 162 Morena 599 310 459 592 707 1008 158
Molimo Nthuse 719 311 526 741 854 1195 213 Tsilo 552 189 354 507 765 898 208
M oshoeshoe | 667 434 503 694 761 1017 155 Tsoelike 472 221 360 468 580 691 116
Mt Carmel 561 229 425 533 692 918 184 Whitehill 520 291 429 504 634 781 115




9.3 Dry season (M ay to September) r ainfall (mm) statisticsfor all the rainfall stations

20th 80th Std 20th 80th Std

Station Mean | Min Perc | Median | Perc | Max Dev | Station Mean | Min Perc | Median | Perc | Max Dev
Botsabelo 97.0 7.7 61.1 97.4 130.4 239.0 489 Mt M oorosi 103.2 25.6 66.1 78.2 156.0 304.8 61.7
Butha Buthe 97.8 25 52.0 89.8 127.3 297.1 59.1 Mt Olivet 116.8 0.5 65.5 103.7 168.7 296.9 76.4
Fort Hatley 94.9 19.8 56.5 825 134.8 288.4 54.5 Nohana 88.7 24.7 441 62.2 1321 243.2 61.2
Hololo Court 93.6 2.0 44.2 89.7 120.1 265.0 54.9 Oxbow 176.4 21.3 101.2 163.2 243.4 | 410.6 89.3
Khoshane 120.3 27.2 62.9 104.1 170.1 259.1 61.0 Paray 79.7 0.0 36.9 711 116.2 228.9 50.2
Kolbere 102.3 29 46.1 103.1 158.0 284.6 64.1 Pitseng 108.7 0.0 52.8 108.7 138.4 328.9 65.7
L ekubane 170.3 100.5 110.1 149.8 198.6 4125 78.7 Pontseng 133.8 11.0 514 121.3 216.5 343.4 90.3
L elingoana 82.8 6.6 38.2 66.2 106.7 504.1 78.1 Pulane 134.2 19.8 73.4 129.6 205.4 264.2 70.8
Leribe 92.9 12 46.6 83.2 116.6 285.4 60.8 Qaba 114.7 2.6 727 97.4 152.2 279.1 66.8
L esobeng 88.3 0.0 39.0 66.5 125.3 282.0 65.5 Qachas Nek 97.6 6.2 53.2 87.2 136.9 372.1 62.8
LetsenglaTerai 109.4 12.0 63.9 95.2 139.5 2925 66.1 Quthing 126.8 20.3 75.8 116.1 160.5 401.5 72.3
M afeteng 98.2 4.5 52.2 96.2 139.9 248.0 54.6 Ramatseliso 66.2 9.9 39.0 55.8 100.9 159.9 36.9
M akoae 166.3 58.3 90.5 132.7 204.9 494.4 107.4 Rapase 87.3 6.4 53.1 76.8 115.0 226.0 46.9
M alealea 137.0 14.8 88.8 1311 183.1 327.8 66.4 Roma NUL 144.9 7.2 7.7 113.8 174.7 560.7 112.9
Maphutseng 112.8 18.1 70.2 91.9 150.8 359.4 71.0 Samaria 109.8 16.5 52.4 86.9 164.1 243.6 60.6
M apoteng 91.0 9.1 62.3 89.9 115.3 230.5 48.7 Sani Pass 80.5 0.0 36.0 69.3 137.3 198.9 56.7
M aputsoe 95.7 3.2 54.5 83.8 130.2 262.1 62.4 Seaka 87.9 234 43.3 73.7 133.8 202.0 52.3
Marakabei St

John 124.4 24.3 68.5 123.7 162.9 346.6 62.5 Sebedia 1171 0.0 70.6 103.3 171.0 265.2 65.6
M ashai 55.3 0.0 20.8 46.8 90.2 192.8 40.2 Sehlabathebe 95.2 225 415 93.5 121.2 342.4 65.0
Matela 106.2 25.6 62.6 103.0 1415 237.8 55.1 Semonkong 118.8 18.9 59.8 119.7 159.8 308.8 65.0
Matelile 101.0 6.5 56.2 86.2 171.3 2135 58.1 St James 75.2 6.0 26.9 60.6 100.9 388.8 727
Matsieng 89.0 0.0 45.2 87.8 119.6 251.2 59.7 St Martins 1155 7.7 67.3 102.4 158.2 369.4 75.7
M azenod 95.9 121 44.7 84.0 1405 245.0 58.9 St Peters 104.0 9.6 59.6 99.7 134.7 298.0 58.7
Mejametalana 92.4 121 56.7 93.4 123.8 226.5 45.3 Teyateyaneng | 99.6 15.2 60.7 1014 141.0 219.6 50.8
M ohales Hoek 108.6 12.0 615 98.6 140.0 295.9 60.4 Thaba Bosiu 96.7 24.2 36.9 89.6 138.9 210.9 59.8
Mohlanapeng 85.5 6.0 40.4 76.0 122.0 2725 53.2 Thaba Khupa | 96.3 19.3 52.3 87.1 136.9 252.8 52.3
Mokhotlong 68.0 54 349 52.7 104.8 266.2 49.6 Thaba Tseka 79.8 0.3 322 63.3 130.6 233.2 56.1

Thabana

Moletsane 110.1 13.3 65.0 105.1 138.3 261.0 60.4 Morena 98.0 154 51.9 94.2 141.2 205.0 50.5
Molimo Nthuse 1325 24.7 66.4 118.2 194.8 320.5 774 Tsilo 101.7 155 575 85.6 119.2 343.6 68.8
M oshoeshoe | 94.5 2.7 49.6 86.0 1345 268.4 63.5 Tsoelike 70.7 2.6 36.4 62.7 86.5 224.0 44.0
Mt Carmel 104.6 0.0 43.3 96.8 165.6 250.5 64.3 Whitehill 91.3 15.6 55.0 75.0 119.2 270.7 53.0







