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ABSTRACT

DROUGHT AND TREND ANALYSIS IN TRARZA REGION IN
MAURITANIA

Long-term precipitation and temperature historical records (monthly recorded
for 44 years) in three stations (Boutilimit (station 1), Nouakchott (station 2), and Rosso
(station 3)) are employed to investigate the drought characteristics and to investigate the
temperature and precipitation trends during the period of 1970 to 2013 in Trarza region
in Mauritania. Six Drought Indices (Dls), namely normal Standardized Precipitation
Index (normal-SPI), log normal Standardized Precipitation Index (log-SPI),
Standardized Precipitation Index using Gamma distribution (Gamma-SPI), Percent of
Normal (PN), the China-Z index (CZI), and Deciles are used for the drought analysis.
These methods are based on 1-, 3-, 6-, and 12 month time periods. The results showed
that the log-SPI, the gamma-SPI, PN and Deciles were able to capture the historical

extreme and severe droughts observed in early 1970s and early 1980s.

In the trend analysis, The Mann Kendall (MK test), Spearman’s rho (SR test),
Sen trend test were used for the trend identification in the time series and the Pettitt test
for detecting the change point at the time series while the Thiel-sen Approach was used
to estimate the magnitude of the slope in the precipitation and temperature time series.
The results of trend analysis showed that the average temperature and the annual
precipitation are both increasing by about 0.3°C per decade and 3 mm per year,

respectively.

Keywords: Drought, Trend, Trarza Region, Mauritania, SPI, CZI, PN, Deciles,
Arid, Precipitation, Temperature



OZET

MORITANYA’DAKI TRARZA BOLGESI ICIN KURAKLIK VE
EGILIM ANALIZI

Ug istasyon’dan (Boutilimit (istasyon 1), Nouakchott (istasyon 2) ve Rosso
(istasyon 3)) elde edilen uzun siireli yagis ve sicaklik kayitlart kullanilarak 1970’den
2013’e kadar olan siire i¢in kuraklik ve egilim analizleri Moritanya’daki Trarza bolgesi
igin yapilmistir. Alt1 kuraklik indeksi (DIs); standart yagis indeksi (normal-SPI), log-
normal standart yagis indeksi (log-SPI), gamma dagilimi kullanan standart yagis indeksi
(gamma-SPI), Normal yizde (PN), Cin-Z indeksi (CZI) ve Deciles kuraklik analizi
icin kullanilmigtir. Bu yontemler 1-, 3-, 6-, ve 12 aylik zaman periyodu igin
kullanilmigtir. Sonuglar gostermistir ki; log-SPI, gamma-SPI, PN, ve Deciles yontemleri
1970 ve 1980 baslarinda gozlenmis olan tarihi ekstrem ve siddetli kurakliklar1 tahmin

edebilmislerdir.

Mann Kendall (MK test), Spearman’s rho (SR test) ve Sen egilim test
yontemleri yagis ve sicaklik zaman serilerinin egilimlerinin  belirlenmesinde
kullanilmistir. Zaman serilerinde degisim noktasinin belirlenmesinde Pettitt testi ve
yagis ve sicaklik zaman serilerinin egimlerinin degerinin belirlenmesinde ise Thiel-sen
yaklasimi kullanilmigtir. Egilim analiz sonuglar1 géstermistir ki; ortalama yillik sicaklik

0.3 °C/10 yil ve ortalama yillik yagis 3 mm/10 y1l olarak artmistir.

Anahtar kelimeler: Kuraklik, Egilim, Trarza bolgesi, Moritanya, SPI, CZI, PN,
Deciles, Kurak, Yagis, Sicaklik
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CHAPTER 1

INTRODUCTION

Drought almost occurs in all climatic zones, such as high as well as low rainfall
areas and is generally related to the reduction in the amount of precipitation received
over an extended period of time, such as a season or longer period. High temperatures;
high winds; low relative humidity, have also an important role in the occurrence of
drought. Although it is not possible to avoid drought, its effect on the environment and
on people can be minimized based on drought preparedness and management. Success
of drought preparedness and management depends on how well drought is defined and
characteristics of drought are quantified (severity, intensity, duration....,). For this
reason many drought indices have been developed for the analysis of the drought
through its magnitude, duration, and intensity. Drought indices are generally derived
from precipitation, because long-term precipitation records are often available. The
drought analysis in this thesis is based on 44 years monthly rainfall records.

In 20th century the average air temperature has increased by 0.7°C and it has
affected precipitation and river discharge. This situation could have serious effects on
the population as well as agriculture, environment, economy and industry (Yavuz &
Erdogan, 2012) . This recent hydrological regime changes brought into focus the search
for effective trend identification analysis. Several trend detection tests developed by
many researchers and have been used around the world. Based on historical annual
precipitation and temperature records in this thesis the precipitation and temperature

trends are investigated by different trend methods.

1. 1. Problem Statement

Some countries across the Sahel (in western Africa) at the end of the drought
season heralded a period of steady rainfall. Not so in Mauritania, which is one of the
Sahelian countries most affected by drought. In 1983-84, Mauritania was afflicted with
its worst drought since the beginning of the 1970s when Mauritania experienced an
extended severe drought (Spinage, 2012). Households are still struggling to cope with

the effects of the drought, such as:



e Reducing farmers’ crop yield, increasing the price of food on local market
and making difficult water supply for the needs of people.
¢ Inducing massive movements of population to urban centers.

e Creating significant economic losses

Given the problems mentioned above, there is a clear demand to understand and
assess historical drought in order to develop mitigation plan for the consequences of

drought in the future.

1.2. Objectives of the Study

The main source of the groundwater in Mauritania is the Trarza aquifer, which
covers about 40,000 km?2. The Senegal River is Mauritania’s only permanent waterway,
which makes the Trarza one the most populated regions in the country. 1086 km long
Senegal River which is located between Mauritania and Senegal flows through a valley

up to 19 km wide (https://en.wikipedia.org/wiki/Senegal_River). It is used for different

purposes such as, irrigation, navigation, drinking, and hydro power generation. The
water resources in Trarza region in Mauritania support a range of use including urban
water supply and agricultural not only in the region but also in the surrounded regions in
Mauritania. This fact highlights the importance of drought assessment and monitoring
for the region. The aim of this thesis is to carry out the assessment of drought in Trarza
region in Mauritania. The general objectives are the followings;
e identify suitable drought index(s) for Trarza region in Mauritania that
can be employed for drought assessment within the region,
e identify the characteristics of drought such as frequency, magnitude and
duration
e identify the trends in precipitation and temperature in the region during
the period of 1970-2013,
e calculate the trend magnitude, and
e detect a single change-point in the precipitation and the temperature

time series.

Analyses frameworks used in this study are presented in Figs. 1.1 and 1. 2
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1.4. Thesis Structure

This thesis is consisted of six chapters. The chapters are briefly explained in the

following:

CHAPTER 1. INTRODUCTION. This chapter first introduces the needs for the
drought and Trend analyses then shortly clarifies, the problem statement, the aim of the
study then methodology in the thesis and finally structure the thesis.

CHAPTER 2. LITERATURE REVIEW. This chapter explains the background
information of the study. The first part of this chapter describes the Droughts through its
definitions, classification, characteristics, impacts and assessment then gives a short
explanation for the methods used for drought analysis. The second part explains the

background of trend analysis and the study done for the subject.

CHAPTER 3. DATA AND STUDY AREA. This begins with a brief description
of water resource in Mauritania following by clarification of the region of the study.

The data and its characteristics were presented at the end of this chapter.

CHAPTER 4. DROUGHT ANALYSIS. This chapter starts by the methods used
to analyze the drought in the region and their applications. Then the results are

described followed by discussion.

CHAPTER 5. TREND ANALYSIS. This chapter as well as chapter 4 consists of
two parts: the annual temperature (maximum, minimum, average), and annual
precipitation trends analyses by applying 5 trend identification tests. Then the results of

this methods were discussed at the end.

CHAPTER 6. CONCLUSIONS AND FUTURE REVIEW. This chapter
concludes the overall the two subjects, drought and trend analyses by summarizing their

results, then highlights the importance of this thesis in the region of the study.



CHAPTER 2

LITURATURE REVIEW

2. 1. Review on Drought Literature

Drought is recognized as an environmental disaster and it has attracted the
attention of environmentalists, ecologists, hydrologists, meteorologists, geologists and
agricultural scientists. Compering to the other natural disasters, drought usually affects
slowly in time, often accumulate over an extended period of time and may linger for
years after termination so that makes it possible to build mitigation plan to reduce
drought effects in an efficient way. Drought is available in extensive literature with

respect to definitions, classifications, methods of analysis and management procedures.

2.1.1. Drought Definitions

When defining a drought it is important to distinguish between conceptual and
operational definitions (Mishra & Singh, 2010). Conceptual definitions help to
understand the concept of drought and its effects. For example; drought is a prolonged
period of deficient precipitation. Conceptual definitions do not provide quantitative
answers to ‘when”, “how long”, “how severe” a drought is and are often used as a
startup in scientific papers and reports. Operational definitions help to identify the
onset, severity, and termination of drought periods. Generally operationally defined
drought can be used to analyze drought frequency, severity, and duration for a given
historical period.

Drought is viewed in different ways by different constituency of water users.
Some of the commonly used definitions are: The World Meteorological Organization
(WMO) (Mishra & Singh, 2010), states that drought comes from a deficiency of
precipitation that results in a water shortage for some activities or some group. The UN
Convention to Combat Drought and Desertification (General, 1994) defines ‘drought is
the naturally occurring phenomenon that exists when rainfall has been significantly less

than normal recorded levels, causing serious hydrological imbalances that badly affect



land resource production systems. The Food and Agriculture Organization (FAO)
(Mishra & Singh, 2010) of the United Nations defines a drought as ‘the percentage of
years when crops fail from the deficiency of moisture’. The encyclopedia of climate
and weather (Schneider, 1996) describes a drought as ‘a prolonged period (a season, a
year, or several years) of deficient rainfall relative to the statistical multi-year mean for
a region’. Gumbel (1963) stated that ‘drought is the smallest annual value of daily
streamflow’. Palmer (1965) defined drought as a significant deviation from the normal
hydrologic conditions of an area’. However, drought definitions vary, depending on the
variable which is used to describe the drought hazard. Hence, drought definitions can be
classified into four categories which are discussed below.

2.1.2. Classifications of Drought

Droughts are generally classified into four categories (Mishra & Singh, 2010)
which include:

1. Meteorological drought is described as a lack of rainfall over a region for a
prolonged period of time often, accompanied by high temperature, high winds, and low
humidity that make evapotranspiration increasing as shown in Figure 2.1.
Meteorological drought is the first type of drought that people can report as a drought,
because they study detailed and accurate daily records of rainfall and can relate them to
the known characteristics of the soil in a particular region.

2. Hydrological drought is an extended periods of unusually low soil moisture
which affect agriculture and plant growth and it is usually measured on the scale of a

river drainage system.

3. Agricultural drought is the first economic sector which could be affected by
drought. Low precipitation might affect stream flow, lake, reservoir levels, and makes

their elevations decline to abnormal low levels.

4. Socioeconomic drought occurs when shortage of water begins to affect the
health, well-being and quality of life of the people or when the drought starts to affect

the supply of goods and services to a community.



precipitation deficiency (Amount, Intensity, Timing) High Temperature/winds, Low Humidity.
Greater Sunshine. Less Cloud Cover

Reduced Runoff_ Increased Evaporation And Transpiration
Reduced Infiliration
Reduced Groundwater Recharge

UONBAN( WLL,

1ISN0.I 1821S010103)TA

Soil Water Deficiency

Plant water stress
Reduced Biomass/Yield

Reduced Streamflow
Reduced Inflow to Reservoirs/Lakes/Ponds
Reduced Wetlands And Wildlife Habitat

Economic, Social Enviromental Effects (affect the quality of life of
the people and the supply of goods and services to a commumity)

JYBN0I( NWOU0II0N0S  JyEnoad AnSoj0ipsiH  1Snold [BIMMOLISY

Figure 2.1 Development of drought

2.1.3. Impact of Drought

Mishra and Singh (2010) stated that drought ranks first among all natural
hazards in terms of the number of people affected; the US Federal Emergency
Management Agency (FEMA) estimated annual losses of drought at US$6-8 billion
(Wilhite, 2000). The percentage of area affected by drought has doubled from 1970s to
2000s (Nagarajan, 2010). Since the late 1960s, the Sahel, a semiarid region in West
Africa between the Sahara desert and the Guinea coast rainforest has experienced a
drought of unprecedented severity in recorded history (Mishra & Singh, 2010). The
drought has had a devastating impact on this ecologically vulnerable region and was a
major impetus for the establishment of the United Nations Convention on Combating

Desertification and Drought (UNCCD) (Zeng, 2003). For example, in subSaharan
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Africa, The Office of Foreign Disaster Assistance (OFDA) reported that the droughts of
the early to mid-1980s are reported to have adversely affected more than 40 million
people (Wilhite, 1996). The 1991-1992 droughts in southern Africa affected 20 million
people and resulted in a deficit of cereal supplies of more than 6.7 million tons (Wilhite,
2000).

2.1.4. Assessment of Drought

Assessment of droughts is a primary importance in the planning and
management of water resources. In this light, there is the need to investigate droughts in
the region historically, in terms of the causes and impacts during their occurrences.
Consequently, understanding the different concepts of drought would help in
developing models to for the droughts. Droughts, unlike other natural disasters creep in
slowly and for this reason it is possible to build mitigation strategies to efficiently
combat effects of droughts. Mitigation actions should be undertaken in three phases:
prior, during and after droughts. This way, not only would the effects be reduced
significantly but also at a minimal cost. In this reason several methods were developed

to assess and monitor the drought event.

2.1.5. Drought Indices

A drought index is a single variable used for assessing the effect of a drought
and defining different drought parameters, which include intensity, duration, severity
and spatial extent. Drought indices are usually continuous functions of rainfall,
temperature, streamflow, or other measurable variables. Rainfall data are widely used to
calculate drought indices, because long-term rainfall records are often available. Brief
descriptions on drought indices which are grouped according to the surface of

information used in this thesis are reviewed below.

2.1.5.1. Standardized Precipitation Index (SPI)

The standardized precipitation index (SPI) for any location is calculated, based

on the long-term precipitation record for a desired period. This long-term rainfall record

8



is fitted to a probability distribution, which is then transformed into a normal
distribution using an equal-probability transformation so that the mean SPI for the
location and desired period is zero (McKee, Doesken, & Kleist, 1993) and as such,
values above zero indicate wet periods and values below zero indicate dry periods.

In 1993 researchers at Colorado State University proposed the SPI to be a
relatively simple for the purpose of defining and monitoring drought (M. J. Hayes,
Svoboda, Wilhite, & Vanyarkho, 1999). The SPI has several characteristics that are
improvement of how it is effective tool for drought monitoring, including its simplicity
and temporal flexibility, which allow its application for water resources on all
timescales (M. J. Hayes et al., 1999).

The use of different types of statistical distribution affects the SPI values as the
SPI is based on the fitting of a distribution to precipitation series. Some of the
commonly applied distributions include gamma distribution (Edwards, 1997) and
Pearson Type Il distribution (Guttman, 1999). Normal, log-normal, extreme value, and
exponential distributions are widely applied to simulations of precipitation distributions
(Lloyd - Hughes & Saunders, 2002; Madsen, Mikkelsen, Rosbjerg, & Harremoés,

1998; Thom, 1966; Todorovic & Woolhiser, 1976).

China-Z Index (CZI) is other drought index has been introduced to the National
Meteorological Center of China (NMCC) since the early 1990s using the same category
of SPI. CZI is calculated assuming that precipitation data follow the Pearson Type Il
distribution (Ju, Yang, Chen, & Wang, 1997).

2.1.5.2. Percent of Normal (PN)

In this method the time scale of the analysis can vary from a single month to a
year. The percent of normal (PN) is highly transparent, which makes it favorable for
communicating drought levels to the public (Keyantash & Dracup, 2002). The use of
PN implies a normal distribution which considered the mean and the median to be the
same (M. Hayes, 2003), which is not necessarily true. Therefore, mitigating the risks of
drought based on the departures from normal is not a useful decision-making tool when
used alone (M. J. Hayes, 2006a).



2.1.5.3. Deciles

The method of deciles is based on dividing the distribution of monthly record
precipitation into 10 parts or deciles. It was developed by Gibbs and Maher (1967) to
avoid some of the weaknesses within the “percent of normal” approach. In calculating
deciles, long-term monthly rainfall records were first ranked from highest to lowest to

construct a cumulative frequency distribution (Barua, Ng, & Perera, 2010).

2.1.6. Drought Characteristics

When defining drought, the characteristics of drought should be defined. A
drought event has the following main components as showed in Figure. 2.2. Drought
initiation time (¢;): it indicates the beginning of a drought, in the other word it is the
starting of the water shortage period. Drought termination time (t,): it is the time when
the drought is no longer persisting. Drought duration (D): it is expressed in period of
time (years, months, weeks, etc.,) during which a drought parameter is continuously
below the critical level. In other words, it is the time period between the beginning and
termination of a drought. Drought severity (S); it indicates a cumulative deficiency of a
drought parameter below the critical level. Drought intensity (1): it is the average value
of a drought parameter below the critical level. It is measured as the drought severity

divided by the duration. Interval time (L): it is the period between two drought events.

10
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Figure 2. 2. Drought characteristics using the run theory for a given threshold level
(source: Mishra & Singh, 2010)

DIs are mostly developed for a specific region, Morid, Smakhtin, and
Moghaddasi (2006) mentioned that no index is ideal or universally suitable because of
the inherent complexity of drought phenomena, the different hydro-climatic, and the
catchment characteristic; After comparing and evaluating the performance of different
Dls Barua et al. (2010) found that Aggregated Drought Index (ADI) was superior to
other indexes for drought management within the Yarra River catchment in Australia. In
Tehran, Morid et al. (2006) The Gamma SPI and Effective Drought Index (EDI) were
found to be able to detect the onset of drought, its spatial and temporal variation
consistently, and it recommended for operational drought monitoring in the region. In
China the SPI was found to be an effective index for assessing drought conditions at
different time scales and has suggested to be adopted for use in China (Yuan & Zhou,
2004), while Wu, Hayes, Weiss, and Hu (2001) proposed that CZI and normal SPI can
be considered more appropriate tools for monitoring drought and floods than the
Gamma SPI because they are easier to calculate. However the choice of indices to
monitor the drought in a specific area should be based on the quantity of climate data
available and on the ability of the index to consistently detect spatial and temporal

variations during a drought event (Morid et al., 2006).
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2.2. Review on Trend Analysis

The global climatic change has attracted the attention of many scientists in
recent years. The studies of the effect of climate change are mostly monitored through
the air temperature and precipitation trends change rather than hydrologic variables.
Many studies have proved the evidences that the temperature and the precipitation
increased in the recent year; New, Todd, Hulme, and Jones (2001) collected a
precipitation data from a number of countries to identify the trends in precipitation and
they concluded that the daily precipitation has increased during the twentieth century. A
study by Jones, New, Parker, Martin, and Rigor (1999) on the surface air temperature
and its changes over 150 years showed that the global temperature during the periods
1925-1944 and 1978-1997 rose by 0.37° and 0.32°C, respectively. Lettenmaier, Wood,
and Wallis (1994) analyzed the hydro-climatological trends in the continental United
States for the period of 1948-1988 and they found that increasing on trends have
detected in half of the station for the march temperature as well as the precipitation
which increases from September through December in 25 percent of the stations. S.-T.
Chen, Kuo, and Yu (2009) investigated the historical trends of meteorological drought
in Taiwan by means of long-term precipitation records, and they detected positive trend
in the daily precipitation time series for dry days all over Taiwan.

The historical hydro-climatic such precipitation and temperature recorded data
are generally used for planning and designing water resources projects. The changes in
these meteorological variables in the recent years brought into focus the search for
effective trend identification Tests to investigate and analyze the regime changes in the
data time series for these variables. Many of these trend tests are classified into
parametric and non-parametric methods. Parametric trends test are found to be more
powerful than non-parametric ones (Shadmani, Marofi, & Roknian, 2012). However,
paramedic trend test require data to be normally distributed. In comparison, non-
parametric trend tests do not assume that the data has specific distribution. The non-
parametric Mann Kendall (MK) and Spearman’s tests are commonly used for detecting
trend of hydro-meteorological variables (Garbrecht, Van Liew, & Brown, 2004,
Gellens, 2000; Kahya & Kalayci, 2004; Shadmani et al., 2012). The reason of using
these two nonparametric rank-based statistical tests is their ability to identify the
monotonic trends (upward and downward trends) in the time series data. The MK test is

12



designed to deal with such data; non-normal data, missing values, seasonality, censoring
(detection limits), and serial dependence (Hirsch & Slack, 1984). However the power of
these methods has not been well documented. Yue, Pilon, and Cavadias (2002)
investigated the power of these two tests and the results indicate that their power
(decease or increase) depends on different variables including slope of the trend, sample
size, pre-assigned significance level and the variation of the time series. Sen (2011)
provided a new trend analysis method, which is able to identify the trend in the time
series especially in terms of low, medium and high values of the data (Kisi & Ay,
2014). This method is valid whatever the sample size, serial correlation structure of the
time, and non-normal probability distribution functions (Sen, 2011). many studies use
the Theil-Sen approach which was provided by Hirsch, Slack, and Smith (1982) for
estimating absolute values for slope (Z. Chen & Grasby, 2009; Gallego, Garcia,
Vaquero, & Mateos, 2006; Shadmani et al., 2012; Some'e, Ezani, & Tabari, 2012; Yue
et al., 2002) . Furthermore, the Pettitt’s test (1979) is used for detecting change points in
the time series (Gebremicael, Mohamed, Betrie, van der Zaag, & Teferi, 2013; Mu,
Zhang, McVicar, Chille, & Gau, 2007; Tomozeiu, Busuioc, Marletto, Zinoni, &
Cacciamani, 2000; Zhang et al., 2008).
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CHAPTER 3

DATA AND STUDY AREA

3.1. Study Area

Mauritania is located in western Africa and it is generally composed of the
Sahara desert (arid zone) in the north and the Sahel (a semiarid zone) in the south (Fig.
3.1).
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Figure 3.1. Mauritania Map

The Sahara extends over a large area and it is characterized by an absence of
vegetation cover, water scarcity, and sporadic precipitation. The total (actual) renewable
surface water resources in Mauritania are estimated at 11.1 km3/year and the internal
renewable surface water resources at 0.1 km3/year. The hydrographic system is
dominated by the Senegal River which runs along the southern border (Fig. 3.1.). In

Mauritania, total groundwater resources are estimated at 3.7 km3, which refers to the
14



continuous aquifers only; however the yields of the alluvial groundwater in the wadis
and the intermittent aquifer systems have not yet been quantified. The rainy season lasts
only 3 months (July-September) with average annual rainfall being 99 mm, but this
varies from less than 20 mm in the north to more than 500 mm in the south-east, and
average minimum and maximum temperatures vary from 16°C in January to 36°C in

June.

Tagant

Atlantic Ocean

Figure 3.2. Trarza Region

Trarza is a region in southwest Mauritania, it borders the regions of Inchiri and
Adrar to the north, Brakna to the east, and the country of Senegal to the south as is
shown in the Figure 3.2. The water resources in Trarza region support a range of use in
Mauritania including urban water supply and agricultural. It borders by the Senegal
River which plays a very important role as main surface water source in Mauritania.
Trarza has a huge reservoir (La nappe du Trarza) which becomes crucial during drought

periods.
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3.2. Data

With the arrival of the French in 1905, the meteorological observation began in
Mauritania and the activity of observing the weather and climate continued to grow
basically managed by a meteorological observation network consisting of 18 synoptic
stations including 4 marine observations and more than 600 rainfall stations distributed
all over the country. The network is still far from fulfilling the needs of the country and
thus it must be compacted to ensure good coverage of the country which is about 1.03

million km?, in size.

Figure 3.3. Rainfall Stations

The data used in this study for calculating DIs were collected from the National
Office of Meteorology of Mauritania (Office National de la Météorologie). Three
rainfall stations, namely Boutilimt (station #1), Nouakchott (station #2), and Rosso
(station #3), as shown in Figure 3.3 were employed in this study. One station
(Nouakchott) is outside the catchment area; however it was considered in this study
since it is very close to the study area. Table 3.1 summarizes the latitude, longitude and

altitude for each station.
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Figure 3.4. The rainfall in the 3 Stations (Boutilimit (a), Nouakchott (b) and Rosso (c))

The monthly precipitation (rainfall) and temperature data from 1970 to 2013 are

used in this study. The employed rainfall data for each station are shown in Figure 3.4.
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Table 3.1. Location of the Meteorological Stations

Station Latitude (North) Longitude (West) Altitude (m)
Boutilimt 17.54 14.69 48.59
(station #1)

Nouakchott 18.07 15.95 4.44
(station #2)

Rosso 16.51 15.8 6.26
(station #3)

As seen in figure 3.4, maximum annual rainfall reaches 311 mm in 2003 and

226 mm in 1995 in Stations 1 and 2, respectively while Station 3, which is located in the

Senegal River Valley region where the rainfall is higher than other regions, behaves

differently with maximum rainfall of 477.8 mm in 2010. Table 3.2 summarizes rainfall

characteristics for each station.

Table 3.2. Annual Rainfall Characteristics

Rainfall characteristics Boutilimit Nouakchott Rosso
Mean 146.22 89.97 234.12
Standard Error 11.69 9.55 14.19
Median 133.75 735 228.15
Mode 307.2 75.9 265.5
Standard Deviation 77.56 63.37 94.12
Sample Variance 6016.17 4016.02 8860.44
Kurtosis 0.27 0.83 0.0075
Skewness 0.57 0.62 0.30
Range 286.1 223.2 436.7
Minimum 25.3 2.7 41.1
Maximum 311.4 225.9 477.8
Confidence Level 23.58 19.26 28.61

(95.0%)
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Table 3.3. Characteristics of Annual temperatures (maximum, minimum, average) data
for Boutilimit (1), Nouakchott (2) and Rosso (3)

Station T-min (°C) T-max (°C) T-average (°C)
min max mean min max mean min max mean

1 20.4 23.8 22.3 34.3 36.95 3569 27.46 3028 29.04
(1975)  (2010) (1974)  (1987) (1974)  (2013)

2 18.46 2149  22.22 314 3455 33.01 2506 27.83 26.61
(1971)  (2008) (1974)  (1997) (1974)  (1997)

3 19.34 22.88 20.6 3465 3921 36.36 27.07 3048 28.71
(1974)  (2010) (1976)  (1987) (1974)  (1987)

In this work, annual minimum temperature (T-min), maximum temperature (T-
max) and average temperature (T-average) were collected from three stations namely
Boutilimit (1), Nouakchott (2) and Rosso (3) during the period of 1970-2013. The
characteristics of these data are presented in Fig 3.5 and Table 3.3. They showed that
station 3 has the maximum temperature record with 39.21°C in 1987 when it was the
warmest year detected in the station 1 and 3 with average of 30.28 and 30.48°C. The
minimum temperature in this region was detected in 1971 in the station 2 with 18.46°C,
but 1974 is considered as the coldest year (during the period of the study) in the region
where the average temperature showed its minimum values in the three stations,
27.46°C, 25.06°C and 27.07°C for the stations 1, 2 and 3, respectively.
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CHAPTER 4

DROUGHT ANALYSIS

4.1. Application

Based on monthly precipitation records for 44 years collected from 3 weather
stations we applied different types of DlIs for the purpose of drought assessment within
the region for periods of 1, 3, 6, and 12 months. Since the rainy season is July-
September, only this 3 months period was considered in the analysis for monthly and 3
months analysis. These methods were used to identify the characteristics of drought
(frequency, magnitude and duration) and were also evaluated to identify suitable

drought index(s) that can be employed for drought assessment in the region.

4.1.1. Standardized Precipitation Index (SPI)

The standardized precipitation index (SPI) for any location is calculated, based
on the long-term precipitation record for a prolonged period of time. This long-term
rainfall records are fitted to a probability distribution, which is then transformed to a
normal distribution using an equal-probability transformation so that the mean SPI for
the location and desired period is zero (McKee et al., 1993) and as such, values above

zero indicate wet periods and values below zero indicate dry periods.
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Table 4.1. SPI Drought Classifications
(Source: Barua et al., 2010)

SPI value (z-score) Category

2.00 or more Extremely wet
1.50t0 1.99 very wet

1.00to 1.49 Moderately wet
0.99 to -0.99 Near normal
-1.00 to -1.49 Moderate drought
-1.5t0-1.99 Severe drought

-2 or less Extreme drought

There are different types of statistical distribution can give different results when
applied as the SPI is based on the fitting of a distribution to precipitation series. In this
study we use three different types of statistical distribution; normal distribution, log-
normal distribution and the gamma distribution. The drought classifications for the z-

score (SPI) are summarized in Table 4.1.
4.1.1.1. Normal-SPI
It may be sometimes more effective, at the computational level, to standardize

the data directly from a fitted normal distribution where possible. The normal-SPI is

computed as follows (Cacciamani, Morgillo, Marchesi, & Pavan, 2007):

x —
SPl=z=2_* (4.1)
o

where, z is the standardized value, and {i and G are the sample estimates of the

population mean and standard deviation, respectively.
4.1.1.2. Log-normal SPI

In common with the gamma distribution, the log-normal distribution is

positively skewed and non-negative. It has the benefit of its simplicity since it is just a
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logarithmic transformation of the data. Log-normal SPI is calculated as follows (Lloyd-
Hughes & Saunders, 2002):

G (4.2)

4.1.1.3. Gamma-SPI

In most cases, Gamma distribution is the best model for observational
precipitation data. The density probability function for the Gamma distribution is
expressed as (S6nmez, KOmUscU, Erkan, & Turgu, 2005):

1
B I (a)

Flx,aB) = X8 forx a f>0 4.3)

Where o and f are the shape and scale parameters, respectively. X is the rainfall amount
and I'(a) 1s the Gamma function defined by the integral (Gasiorek & Musial, 2015) :

e
nlny-1

I'(x) = lim

y+v

n—oo

f y*leVdy (4.4)
0

1
v=0

The maximum likelihood method is used to estimate the optimal values of the

parameters a and by using Eqs (4.5-4.6) (Barua et al., 2010) as:

SR O U (4.5)
Y 3
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ST IR

(4.6)
for n number of observations (Barua et al., 2010),
o Xin(x)
A= () —=—] 4.7)

The resulting parameters & and [ are then used to cumulative probability for nonzero

rainfalls by using the Equ. 8 (Barua et al., 2010) as follows:

¢ 1 x =X/
F(x)=| f(x)dx = x% e ’Bdx
from- e,

per(a) (4.8)
Equ.4.8 can also be expressed as (Barua et al., 2010):
1 X
F(x) = — f t@1letdy 4.9
)= 7z ) (4.9)

where t = X" Since the gamma function is undefined for X = 0 and precipitation may
contain zeros, the calculations of probability of zero and non-zero becomes (Lloyd-

Hughes & Saunders, 2002)

Hx) =q+ (1 —-qFX) (4.10)
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where, q is the probability of zero rainfall when m is the number of zeros in a
precipitation time series, then q is estimated by m/n. The cumulative probability, H(X) is
then transformed to the standard standardized normal distribution so that the SPI mean
(2) and the variance become 0 and 1, respectively. Using an approximation provided by
Abramowitz and Stegun (1965), which converts cumulative probability into the

standard normal random variable, called z:

co + c1k + c k?

SPI=2=~(k ~ T ik + Gk + dok®
(4.11)
when k = ln{[H(i)]z} for 0< H(x) <0.5
SPI =7 = +(k— co + c1k + ¢ k?
1+ dok + dyk? + dsk?
(4.12)

1
when k = zn{[l_H(x)]z} for 0.5< H(x) <1

where, ¢, = 2.515517,¢c; = 0.802853, c, = 0.010328, d, = 1.432788, d, =
0.189269,and d; = 0.001308. The SPI threshold range that is used to define severity
of the drought is presented in Table 4.1.

4.1.2. Percent of Normal

The Percent of Normal (PN) is a meteorological drought index, which is
calculated by dividing actual precipitation by normal precipitation then multiplying by
100% (M. J. Hayes, 2006b). PN Drought classification is presented in Table 4.2.
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Table 4.2. PN Drought Classifications

(Source: Barua et al., 2010)

Threshold range

Drought classification

180% or more of normal rainfall
161% to 180% of normal rainfall
121% to 160% of normal rainfall
81% to 120% of normal rainfall
41% to 80% of normal rainfall
21% to 40% of normal rainfall

20% or less of normal rainfall

Extremely wet
Very wet
Moderately wet
Near normal
Moderately drought
Severe drought

Extremely drought

4.1.3. China-Z Index (CZI)

The CZI is a drought index that was introduced to the National Meteorological
Center of China (NMCC) in early 1990s. The CSl is calculated as (Ju et al., 1997):

1
=2 (Gl 41) 6 Ca
NI Cq: ' 6 (4.13)
C.. ?:1(951]' X;)
ST nxgB (4.14)
X Xi
LA (4.15)

Where z; is the CZI, i is the time scale interest, Cj; is the coefficient of skewness and n
is the total number of years in the record, ¢; is a standard deviation, x; is a precipitation,

X; is the average and o; is the standard division.
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4.1.5. Deciles

The method of deciles is based on dividing the distribution of monthly record

precipitation into 10 parts (or deciles) (Barua et al., 2010).

Table 4.3. Deciles Drought Classifications
(Source: Barua et al., 2010; Gibbs and Maher, 1967)

Threshold range Drought classification
Deciles 1-2 (lowest 20%) Much below normal
Deciles 3-4 (next lowest 20%) Below normal
Deciles 5-6 (middle 20%) Near normal

Deciles 7-8 (next highest 20%) Above normal
Deciles 9-10 (highest 20%) Much above normal

In calculating deciles, long-term monthly rainfall records are first ranked from
highest to lowest to construct a cumulative frequency distribution (Barua et al., 2010).
The threshold ranges of deciles used to define drought conditions are presented in Table
4.3.
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4.2. Results

4.2.1. DIs Results for Boutilimit (Station 1)
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Figure 4.1. SPI and CZI results for monthly period for Boutilimit (Station 1)
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Figure 4.2. SPI and CZI results for 3-months period for Boutilimit (Station 1)
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Figure 4.3. SPI and CZI results for 6-months period for Boutilimit (Station 1)
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Figure 4.4. SPI and CZI results for 12-months period for Boutilimit (Station 1)

Figures 4.1- 4.4 present SPI and CZI results for periods of 1, 3, 6, and 12
months, respectively while Table 4.4 summarizes the deciles results. Figure 4.1 presents
monthly period DI results for station 1. All DI methods produced almost the same
results. The CZI and the gamma-SPI methods made more similar predictions for one-
month period. These methods tend to make less drought and more wet conditions. The
log-SPI makes extreme drought predictions, like the ones in 1984 and in 1987 (Figs 4.1-
1.3). In the case of 3-months period, all the methods produced the same predictions.
Here, the log-SPI and the gamma-SPI showed more similar performance in terms of

prediction of the severe drought condition in 1987 (Fig 4.2). The normal-SPI and the
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CZI tend to make wet and less drought conditions (Fig 4. 2). These similar results are

obtained for the case of 6-months period (Fig 4.3) and the annual (12 months period)
drought predictions (Fig 4.4). According to Fig 4.4, in 1972-1973, 1977, 1984, and

1987 there occurred severe/extreme drought conditions in Boutilimit station.

Figures 4.1-4.4 show that extreme drought was detected in 1987 while distinct
drought events occurred in the years 1973, 1977, 1984, and 2011. The long dry periods
were detected from 1970 to 1974 and 1982 to 1985.

Table 4.4. Deciles result for Boutilimit (Station 1)

Annuals Rainfall Values (mm)

Classification

43.1-78.9

114.3-123.1
133.8 - 157.9
167.8 - 205.2
271.5-3114

Much below normal
Below normal

Near normal

Above normal

Much above normal

According to deciles results in Table 4.4, when annual rainfall is less than 133.8

mm drought conditions occur. Severe drought conditions would occur when annual

rainfall is less than 80 mm (Table 4.4.).
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4.2.2. DIs Results for Nouakchott (Station 2)
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Figure 4.5. SPI results for monthly period for Nouakchott (Station 2)
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Figure 4.6. SPI results for 3-months period for Nouakchott (Station 2)
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Figure 4.7. SPI results for 6-months period for Nouakchott (Station 2)
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Figure 4.8. SPI and CZI results for 12-months period for Nouakchott (Station 2)

Figures 4.5-4.8 present the SPI and CZI results for periods of 1, 3, 6, and 12
months, respectively while Table 4.5 summarizes the decile results for Nouakchott
station. For monthly period, the CZI and the gamma-SPI show similar behavior while
the log-SPI tend to produce severe drought predictions (Fig 4.4). The results of DIs for
3-, 6-, and 12-months periods are similar. The normal-SPI and the CZI make fewer
drought predictions while the gamma-SPI and the log-SPl make severe drought
predictions, such as the ones in 1977 and 1984 (Figs 4.6-4.8).

Figures 4.5-4.8 show that drought appeared more frequently and intensity in this
station, compared to the other stations during 44 years. Years; 1977 and 1987 were the
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worse in term of intensity (extremely droughts), however drought occurred by different
intensity in the years; 1971, 1974, 1992, 1994, 2004 and 2007. The driest periods
detected by DIs were the periods of 1970-1972, 1982-1986, and 2002-2005.

Table 4.5. Deciles result for Nouakchott (Station 2)

Annuals Rainfall VValues (mm) Classification
20.3-37.1 Much below normal
46.7 - 62.7 Below normal
73.5-90.5 Near normal

104.3 - 170.2 Above normal
188.3 - 225.9 Much above normal

According to Table 4.5, in station of Nouakchott, less than 73.5 mm/year rainfall is
considered as drought according. Less than 63 mm/year and less than 37 mm/year

rainfall are considered severe and extreme drought conditions, respectively (Table 4.5).
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4.2.3. Dls results for Rosso (Station3)
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Figure 4.9. SPI results for monthly period for Rosso (Station 3)
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Figure 4.10. SPI results for 3-months period for Rosso (Station 3)
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Figure 4.11. SPI results for 6-months period for Rosso (Station 3)
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Figure 4.12. SP1 and CZI results for 12-months period for Rosso (Station 3)

Figures 4.9-4.12 present SPI and CZI results for periods of 1, 3, 6, and 12
months, respectively while Table 8 summarizes the deciles results. The CZI and the
gamma-SPI tend to predict more wet and fewer drought conditions and the log-SPI
predicts more severe drought conditions such as the ones in August 1971, August 1984,
September 1984 and September 1990, in a monthly period analysis (Fig 4.9). In the
three-month period analysis, the gamma-SP1 and log-SPI made more drought condition
predications such as the ones in 1972, 1983 and 2002 while the normal-SP1 and the CZI
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predicts more wet conditions such as the one in 2009-2010 period (Fig 4.10). The
similar result is obtained in the case of 6-month and 12-month periods as well (Figs
4.11-4.12).

Figures 4.9-4.12 show that the most effected years by drought are 1972 and
1983 (extremely drought) and drought has also been detected with different intensity in
the years 1974, 1977, 1998. The longest dry periods were detected in 1970-1975 and
1982-1985.

Table 4.6. Deciles result for Rosso (Station 3)

Annuals Rainfall values (mm) Classification

127.2 - 155.6 Much below normal
177.9- 204.5 Below normal
234.8 -264.0 Near normal

285.2 - 328.8 Above normal
338.3-477.8 Much above normal

As shown in Table 4.6, less than 243.8 mm/year rainfall is considered as drought
condition. This becomes severe and extreme drought condition when annual rainfall is

less than 205 mm and 155 mm, respectively (Table 4.6).

4.3. Discussions of Results

Table 4.7 summarizes the predicted moderate, severe, and extreme drought years
by the DI methods for the three stations. PN method results are also presented in Table
4.7 and figs B.1, B.2, B.3, B.4, and B.5. According to Table 4.7 , PN, the log-SPI, and
the gamma-SPI methods captures 1987 as the year of extreme drought, 1972, 1973,
1977, 1984, and 2011 as the years of severe drought and 1983 as the year of moderate
drought for Boutilimit station. According to the normal-SPI and the CZI methods, 1987
was the severe drought year for the station 1. The years 1972, 1973, 1977, 1981, 1983,
1984, and 2011 were the moderate drought years for the station 1. These results indicate
that the normal-SPI and the CZI tend to make one-step underprediction of the degree of

the drought. Also, the results indicate that the PN method tends to increase the number
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of moderate drought years for the three stations (Table 4.7). Owing to the ability of
Deciles to classify drought into different categories when compared with other methods,
a range of Deciles 1-2 (lowest 20%) was considered a severe and extreme drought.
1977, 1983 and 1984 were predicted as the extreme drought years for the station
2 by the PN and log-SPI and gamma-SPI methods. By the same methods, 2004 was
predicted as the severe drought year for station 2 (Nouakchott). For Rosso station, all
the methods indicate that 1983 was the year of extreme drought, 1972, 1984 were the
severe drought years and 1971, 1974, and 1977 were the years of moderate drought in
the station 3 (Table 4.7). The normal-SPI and the CZI methods indicated no extreme

and severe drought cases for the station 2, unlike the other 4 DI methods (Table 4.7).
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Methods Drought Stationl Station2 Station3
Intensity (Boutilimit) (Nouakchott) (Rosso)
Extreme 1987 1971 1983
1977
1983
1984
2007
PN Severe 1972 1992 1972
1973 2004 1984
1977
1984
2011
Moderate 1971 1970 1970
1981 1974 1971
1982 1978 1973
1983 1980 1974
1988 1982 1977
1990 1985 1982
1997 1986 1985
2004 1987 1990
1994 1992
1997 1997
2002 1998
2003 2008
2006
2008
2012
Extreme 1987 1977 1983
1983 1972
1984
Log-SPI, Gamma- | Severe 1972 1971 1984
1973 2004
SPI 1977 2007
1984
2011
Moderate 1981 1974 1971
1983 1978 1974
1982 1977
1985
1992
1994
Extreme | cceeeeeeeeee | 1983
Normal-SPI, CZI Severe 1987 | 1972
1984
Moderate 1972 1971 1971
1973 1977 1974
1977 1983 1977
1981 1984 1998
1983 2004
1984 2007
2011
Deciles Extreme and 1970 1971 1970
1972 1974 1971
Severe 1973 1977 1972
1977 1983 1974
1981 1984 1977
1983 1992 1983
1987 2004 1984
2011 2007 1991
1998

Table 4.7. Characteristics of Historical Droughts as detected by PN, Gamma-SPI, Log-
SP1, CZI, Normal-SPI and Deciles

38



Table 4.8 summarizes the probability of the drought reoccurrence according to
the gamma-SPI results. As seen in Table 4.8, 4.7 severe/extreme drought years might
be experienced in stations 1 and 2 in every 44 years. That means, one in every 7 year
period, there could be a severe drought year in these stations according to Table 4.8,

while the stations 1 and 3 might experience fewer drought years than the station 2.

Table 4.8. The probability of drought recurrence by Gamma-SPI, Log-SPI1 and

Station  category Number of times on 44 Severity of event
years
1 Moderate drought 2 1in 22 years

2 Moderate drought 6 6 in 44 years

3 Moderate drought 3 3in 44 years

Table 4.9 summarizes the common years that have experienced drought predicted
by the PN method. As seen in Table 11, stations 1 and 3 have experienced almost the
same occurrences of droughts, unlike station 2; PN has detected 14 drought years in 44
for the stations 1 and 3, and 22 drought years in 44 years for the station 2. PN has
predicted more moderate drought years after 1997 in station 2 than the other stations
(Table 4.7).



Table 4.9. The relations between the stations by PN

Stations 1,2,3 1,2 1,3 2,3
Common 1971 1971 1971 1970
drought years 1982 1977 1972 1971
1983 1982 1973 1974
1984 1983 1982 1982
1997 1984 1983 1983
1987 1984 1984
1997 1990 1985
2004 1997 1992
1997
2008

The results in Tables 4.7 and 4.9 show that the drought is detected in the
seventies and eighties more than the 1990s. Drought has less frequency in the 2000s,
where it appeared at a rate of 1 in 10 years in the region. In 2010s the drought was seen
again in 2011 (detected in station 1 by all methods). According to the PN results Table
4.9, Trarza region has experienced drought for 3 years consecutively from 1982, 1983
and 1984, which is considered the worse period for the region.

In Mauritania, the recorded long droughts in 1910s, the 1940s, the 1960s, the
1970s and the 1980s have had dramatic environmental and societal effects, such as
famine and dislocation (https://en.wikipedia.org/wiki/Sahel_drought). As seen in Table

4.7, for all the stations, PN, Deciles, the log-SPI and the gamma-SPI were able to
capture these (the early 1970s and 1980s) extreme drought periods successfully. This

result implies that these methods can be employed for drought analysis in this region.
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CHPTERE 5

TREND ANALYSIS

5.1. Application

Trend analysis is considered as one of the most important issues in global climate
change problems. The main purpose of trend analysis in this study is to provide a view
for meteorological (precipitation and temperature) variables in the past and the future
time’s changes. In this context, 44 years meteorological records were used to investigate
trend in precipitation and temperature time series. The Mann Kendall (MK test), the
Spearman’s rtho (SR test), the Sen trend test were used for the trend identification in the
time series and the Pettitt test (Pettitt, 1979) for detecting the change point at the time
series while the Thiel-sen approach was used to estimate the magnitude of the slope in
the precipitation and temperature time series. The trend analyses framework that is used

in this thesis is outlined in Fig 1.2.
5.1.1 Mann-Kendall Test (MK test):

The MK test is used for the trend identification for a given time series data. The
main purpose of MK test is to statistically investigate if there is a monotonic upward or
downward trend of the variable of interest over time. A monotonic upward (downward)
trend means that the variable consistently increases (decreases) in time. In this test, the
null hypothesis H, and the alternative hypothesis H, respectively refer to non-existence
and existence of trend. The MK test is calculated (Kisi & Ay, 2014) as:

1; IF X]' > X
sgn(x; — xj) = 0; IF x; = xi (5.1)
-1; IFx; <xi
S =25 Xitieisgn(xi —x) (5.2)
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where x; and x; respectively indicate the data values at times i and j, and n is the
length of the data set. If S value is positive it means the variable consistently increases
through time, while negative value S indicates a decreasing trend. Equation (5.3) is used

in cases where n is larger than 0.

n(n-1)(2n+5)-%F_ t;(t;—1)(2t;+5)
18

Var(S) =

(5.3)

where, p indicates the number of tied groups, t; is the number of data points in
the pth group. After the variance of time is provided in the Eq 5.3, the standard Z can
be expressed by Equ. 5.4 as follows (Kisi & Ay, 2014)

0; IFS=0 (5.4)

The calculated Z value is compared with standard normal distribution table with two
tailed confidence levels. When |Z| > Zy-qy, then H, is rejected and H, is accepted
which means there is a significant trend. Otherwise, H, is accepted and H, is rejected
which means the trend is not statistically significant. 5% significant level which refers

t0Z;_a/, =196 (from the standard normal table) was used for the M-K method in this

study.
5.1.2. Spearman’s rho Test (SR test)

Similar to MK, rank-based nonparametric statistical SR test is commonly used to
assess the significance of monotonic trends in hydro- meteorological data time series,
this method detects the existence and non- existence of trend in the data time series, and

also it can identify if there is increase or decreases in trend. In this test, the null
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hypothesis H, means that the given data are independent and identically distributed
through the time, while the alternative hypothesis H, indicates the existing of the trend.
The SR test statistic D and the standardized test statistic Zgg are calculated by Eqgs. 5.5
and 5.6, as follows (Shadmani et al., 2012)

_ 6% (R&X)-D)?

D N 2—1) (5.5)
-2
Zsg =D |7— (5.6)

where R(X;) is the rank of i-the observation X; in the sample size (n). In this test, H, is
rejected and H, is accepted if |Zsg|> 2.08 for the 5% significance level. Positive values

of Zgg indicate the trend decrease, while the negative values indicate trend decrease.

5.1.3 Sen (2012) Trend Detection Test

This method is basically based on dividing the time series of the data into to
equal halves, rank them from the highest to the lowest and then plotting against each
other in which the first sub-series (X;) is located on the X-axis, and the other sub-series
(X;) is located on the Y-axis based on the Cartesian coordinate system as shown in Fig

5.1
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Figure 5.1. lllustration of decreasing, increasing and trendless regions
(Source: Sen, 2011)

When the data are collected on the 1:1 (45%) straight line it means there is no
trend, when the data are in the below triangular area of the 1:1 straight line it means
there is decreasing trend in the time series and when the data are in the upper triangular
area of the 1:1 straight line, it means there is increasing trend in the time series. The
high, medium and low values of the given data can be graphically evaluated in this
approach.

5.1.4 Thiel-Sen Approach

This method is used to calculate the magnitude of the slope after the identified

trend tests. The Thiel-sen approach can be expressed by the Eq. 5.7 (Shadmani et al.,
2012):

B = Median (%) (5.7)
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where, X; and X; indicate the sequential data values of the time series in the years i and

J. The calculated B is the estimated magnitude of the trend slope in the time series of the
data.

5.1.5. Pettitt’s Test

The Pettitt’s approach is commonly used to detect a single change-point hydro-
meteorological series with contentious data. For a given time series {X;, X,, ..., X, }
with a length n, let t be the time of the change point. The samples, {X;, X,, ...,X; } and
{Xi+1, Xiq2, -, X, }, can be derived by dividing the time series at the time t. The test
statistic U, (S.-T. Chen et al., 2009) can be expressed by

Up = Xieg Z]n=1+1 sgn(x; — Xj) (5.8)
1; [Fx>0
sgn(x) =4 0; [Fx=0 (5.9)
-1; IFx<O0

The maximum |U| at time t can be considered to be the most significant change point.
The approximated significance change probability P(t) for change point can be
expressed by (S.-T. Chen et al., 2009)

—6U;2
n3+n?

P(t) =1 — exp( ) (5.10)

When the approximated probability exceeds (1-a), the change point considered to be

statistically significant level of a.
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5.2. Results

5.5.1. Temperature Trends

Maximum, minimum and average annual temperature trends were investigated
using different trend tests namely, MK test, SR test, Sen test , Pettitt’s test and linear
regression. MK, Sen test and SR tests were used for the trend identifying in temperature
time series while Pettitt’s test for detecting change point in the time series. Almost all
records show increasing of trend for the three study stations (Table 5.1. Figs 5.2, 5.3,
5.4).

The MK and the SR tests show the same results for the three stations where they
showed significant trends in the minimum and the average temperature in the all
stations and maximum temperature significant trends were observed in Station 1 and 3
while no trend was observed in maximum temperature records in Station 2 as showed in
Table 5.1. After the trends were identified by the MK and the SR tests, the Thiel-sen
approach was applied to estimate the magnitude of the slope (change per unit time) and
it showed that the annual average temperature increased in Boutilimit, Nouakchott and
Rosso stations at the rate of 0.2, 0.3, and 0.3°C per decade (Table 5.1). Abrupt changes
(Jumps) in the annual temperature (maximum, minimum and average) were detected by
Pettitt’s test for the results in all stations (Table 5.1). 1995 was the year when abrupt

change is detected.
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Table 5.1. Temperature analysis results detected by the MK, SR, Thiel-sen and the

Pettitt’s testes

Station Annual MK | SR | Trend B Pettitt’s | B B
Temperature | (Z2) | (Zgg) (rate of test (rate per | (rate per
(°C) increases | (change | decade | decade
per point) | by °C)|by °C)
decade by in in
°C) 1970- 1995-
1995 2013
1 Tmax 0.43 | 0.744 No - - - -
Tmin 470 | 7.26 Yes 0.4 1995 0.33 0.43
(+)
Tavg 292 | 3.72 Yes 0.2 1995 0.01 0.3
(+)
2 Tmax 245 | 3.12 Yes 0.2 1995 0.1 0.14
(+)
Tmin 446 | 5.80 Yes 04 1995 0.53 0.05
(+)
Tavg 3.69 | 5.07 Yes 0.3 1995 0.2 0.08
(+)
3 Tmax 2.63 | 3.02 Yes 0.3 1995 0.07 0.6
(+)
Tmin 3.24 | 4.06 Yes 0.3 1995 0.17 0.98
(+)
Tavg 3.87 | 544 Yes 0.3 1995 0.14 0.06
(+)

The Sen trend test was used to investigate the existing of trend especially in terms

of evaluation of low, medium and high values of the temperature data (maximum,

minimum and average). The results show significant trends (increasing) for the low

values in the all stations compering to the high and the medium values which are closer

to the 1:1 line (Figures 5.2, 5.3, 5.4). Maximum temperatures recorded in Station 1

show different results where the medium values have almost no trend, trend decrease for

the high values and increasing of trend for the low values (Figure 5.3).
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Figure 5.2. Annual minimum temperature (Tmin (°C)) of Boutilimit (S1), Nouakchott
(S2) and Rosso (S3) stations by Sen trend test
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Figure 5.3. Annual maximum temperature (Tmax (°C)) of Boutilimit (S1), Nouakchott
(S2) and Rosso (S3) stations by Sen trend test
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Figure 5.4. Annual Average temperature (Tavg (°C)) of Boutilimit (S1), Nouakchott
(S2) and Rosso (S3) stations by Sen trend test
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5.2.2. Precipitation Trend

The three raingauge stations of Boutilimit, Nouakchott, and Rosso were used for
analyzing the annual precipitation time series. MK and SP showed the same result for
detecting precipitation trend where it was found that significant trends (increasing) were
absorbed in the Stations of Boutilimit and Rosso while no trend was seen in the Station
of Rosso. Using the Theil sen’s method, the annual precipitation increase was found in
Boutilimit and Rosso stations to be at the rate of (+) 3.35 and (+) 2.93 mm per year
(Table 5.2). As shown in the Table 5.2 change points in the Boutilimit and Rosso
stations were found at the year 1988 and 1993, respectively.

Table 5.2. Precipitation analysis results detected by the MK, SR, Thiel-sen and the
Pettitt’s testes

Station MK (2) SR (Zsg) Trend B Pettitt’s test
(rate of increases  (change point
per year in mm) time)

Boutilimt(#1) 3.12 3.43 Yes (+) 2.93 1988
Nouakchott 1.62 1.84 no - -
(#2)
Rosso (#3) 2.86 3.42 Yes (+) 3.35 1993

Different to the MK and the SR tests, the Sen trend test shows trend in the all
station where it shows significant trend (increasing) for the all values (high, medium
and low) in the same trend magnitude (slope). In the stations Boutilimit and
Nouakchott, the low and the high values have weaker trend magnitude than the medium
values which have significant trend magnitude, while the high values in the station of

Rosso have stronger magnitude than the medium and the low values (Fig 5.5).
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5.4. Discussion of Results

Trend in temperature and precipitation during the period 1970-2014 was analyzed
in Trarza region using different type of trend detection methods. The methods showed
that there are significant positive trends on precipitation and temperature during the
period of study. Although the stations have slight precipitation and temperature

increasing trends, they defer in terms of trend direction changes (slope and jumps).

The results of the annual regional temperature time series analysis indicate that
the changes in temperature over the 1970-2013 reflect warming for the region as a
whole. The annual average temperature increased at the rate of 0.2, 0.3, and 0.3°C per
decade in Boutilimit, Nouakchott and Rosso stations, respectively. This increase on the
average temperature is affected by the minimum temperatures more than the maximum
ones as seen in the Table 5.1 where the maximum values increased at the rate of 0.2 and
0.3°C per decade for the station of Nouakchott and the station of Rosso, respectively,
and no trend in the maximum temperature has been detected in the station of Boutilimit.
While the minimum temperatures have significant positive trends detected in the all
stations, the magnitudes of the increasing trend for the minimum temperatures for the
stations Boutilimit, Nouakchott and Rosso were found to be 0.2, 0.4 and 0.3°C per
decade, respectively. The Sen trend test showed that the low values of temperatures
(maximum, minimum and average) have increased more the medium and the high
values during the period of the study (1970-2013). The abrupt change in the annual
temperatures (maximum, minimum and average) was detected in 1995 for the whole
stations and that means the region had significant jump on the trend direction in that
year. We calculated the magnitudes in the two periods: 1970-1995 and 1995-2013, the
results showed that the rise of the average temperature in the first period (1970-1995) in
the stations 2 and 3. In contrast to the stations 2 and 3, in station 1 the increase of the
temperature was detected in the last period (1995-2013) in comparison to the rise in the
first period (Table 5.1).

Analyzing annual precipitation time series by MK and SR tests showed that 2
stations (Boutilimit and Rosso) have significant positive trends while no trend was
detected in the station of Nouakchott. However, the Sen test showed different results by

detecting positive trend in the station of Nouakchott, but in terms of the medium values
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of precipitation during the period of 1970 to 2013. The results of the Thiel-Sen showed
that the most significant positive was detected in station 3 of Rosso with magnitude
value of 3.35 mm per year while the precipitation in the station of Boutilimit has
increased 2.93 mm per year. The abrupt changes in the annual precipitation were

detected in 1988 for the station of Boutilimit and in 1993 for the station of Rosso.
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CHAPTERE 6

CONCLUSIONS AND FUTURE VIEW

Based on historical precipitations and temperatures recorded for the period 1970

to 2013 collected from 3 stations in region of Trarza in Mauritania, this study

investigated the performances of 6 DI methods for assessing drought and 5 trend tests

for precipitation and temperature trends analysis in the region . The following

conclusions are drawn:

1.

DlIs produced almost the same results for the drought analysis within the Trarza
region.

Trarza region had experienced prolonged and severe drought during the periods
of 1970 to 1974 and 1982 to 1985.

More droughts are detected in the seventies and eighties than in 1990s.

Twelve drought years might be experienced in station 2 and six in stations 1 and
3 in every 44 years. In other words, Nouakchott station can experience drought
in every 4 years, while the other stations can experience it in every 7 years.
When the rainfall is less than 123 mm/year, 63 mm/year, and 205 mm/year, it is
likely that severe drought would occur in Boutilimit, Nouakchott, and Rosso
stations, respectively.

In the monthly period drought analysis; the CZI and the gamma-SPI1 methods
makes similar predictions and the log-SPI makes extreme drought predictions
for all the stations.

In the 3-, 6-, and 12-month period drought analysis; the log-SPI and the gamma-
SPI produce similar results, predicting more severe drought conditions while the
normal-SPI and the CZI methods predict more wet case and fewer drought
cases, for all the stations.

PN method tends to make fewer severe but more moderate drought conditions,
Deciles, PN, the log-SPI and the gamma-SPI were able to capture historical
extreme and severe drought periods (1970s and 1980s) successfully. This result

implies that these methods can be employed for drought analysis in this region.
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10. The annual average temperature time series analysis indicates that the changes in
temperature over the 1970-2013 reflect warming for the region as a whole.

11. The annual temperature is increasing about 0.2-0.4°C per decade.

12. The abrupt change in temperature was detected in 1995 for the whole region.

13. The precipitation time series has positive trend detected in 2 stations (at the rate
of 3.35 mm per year in Boutilimit and 2.93 mm per year in Rosso) while no

trend is detected in the other one (Noukchott).

The water resources in Trarza are consists of groundwater and surface water. The
source of the groundwater is the Trarza aquifer covering about 40,000 km?. This aquifer
plays a very important role as the main ground source of water for Mauritania. The
Senegal River is Mauritania’s only permanent waterway which is used for irrigation,
navigation, drinking, and hydro power generation. The water resources in Trarza region
support a range of use including urban water supply and agricultural not only in the
region but also in the surrounded regions in Mauritania. Thus, the assessment and
monitoring of drought and analyzing the meteorological trend in this region are crucial
for Mauritania.
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APPENDIX A. DECILES RESULTS
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Figure A.1. Deciles results for the Station of Boutilimit (Station 1)
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Figure A.2. Deciles result for the Station of Nouakchott (Station 2)

63



Rosoo

m987654321

s9|nag

Year

Figure A.3. Deciles results for the station of Rosso (Station 3)
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APPENDIX B. PN RESULTS
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Figure B.1. Annual PN results for the station of Boutilimit (Station 1)
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Figure B.2. Annual PN results for the station of Nouakchott (Station 2)
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Figure B.3. Annual PN results for the station of Rosso (Station 3)
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Figure B.4. 6 months PN results for the Stations Boutilimit, Nouakchott and Rosso,

respectively
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respectively
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