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Abstract:

The study deals with the effects of environmental changes against
economic and social effect to Sennar’s population. The study aimed to
identify the development rates in the Sennar state by analyzing the com-
ponents of the environmental dimension of the economic and social in-
dicators and the characteristics of the social environment and its impact
on the life of the people of the state. It tried to address the issue from an
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integrated perspective and to link economic and social activities with envi-
ronmental changes and to adopt methods of adapting to the new situation so
as to be a theoretical and practical contribution aimed at achieving balanced
development in all The study will follow the theoretical approaches related
to geography by relying on the primary sources in addition to the descriptive
statistical method by describing the nature of the study and identifying its
general characteristics and the historical approach to the roots of the changes
and their stages of development and their effect on the economic life of the
population. The study is expected to contribute to the development of indi-
cators that can be used in the current Sudanese reality in order to employ the
new changes and develop blocks for the oriental guidance. Development’s
mandate« as a model for the other states of Sudan.
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Abstract

The purpose of this study is to identify the types of heritage tourism at-
tractions in Sudan. The study also aims to identify obstacles to the devel-
opment of tourism in the country. Additionally, the study aims at setting
vision, approaches, and strategies to develop heritage tourism in order to
contribute effectively to sustainable tourism in Sudan

This study applied the integrated geographic structural approach, employ-
ing both inductive and deductive methodology. The researcher used ob-
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servation, field visits, and telephone interviews to collect data from prima-
ry sources of information. The researcher also utilized reports, references,
and previous studies as secondary sources of information. The study used
the statistical method to analyze the data and to draw conclusions and rec-
ommendations. The study found that despite the abundant endowment, the
heritage tourism attractions are extremely underutilized in Sudan. The study
recommended that policy makers should include the development of heritage
tourism as a priority in the country economic plans because it has poten-
tials to support economic and social development in the country. The study
recommended that officials at the federal and state levels of government to
encourage handicrafts, heritage industries and folk arts to attract tourists. The
study also recommended complementarily roles and coordination between
the federal and state authorities to initiate events and activities for indigenous
communities in each state .
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Abstract:

This study deals with the factors influencing the crime in Port Sudan.
The study aims at identifying the social factors leading to the crime. It
also aims at knowing the most important types of crime in the study area

£2020 43551 - Jo¥1 susll detedlly il Slulyal) 3l dlxo 52



and contributing to the development of scientific solutions that reduce the
crime rates in the study area. The researchers used the social survey method
and the statistical method. Information was collected through primary sources
such as the questionnaire and secondary sources such as books, references
and published research. The most important findings of the study are that so-
cial factors such as illiteracy, poverty, family disintegration and bad compan-
ions are the main reasons for committing crimes in the study area. Crime in
the study area was confined to the countryside and its border areas. The study
recommended the development of rural areas; and, to open cultural centers
for young people; raise awareness of the danger of crime; and establishing
development projects to increase the daily income of families and reduce
the phenomenon of poverty. In addition to the upbringing of children and
education based on religious values and good social habits. Moreover, raising
community awareness and dissemination of education in the region
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Abstract:

The research covered the geographical distribution of gold mining sites
in Sudan. The aim of the research is to identify gold mining sites in Sudan, the
research discussed strategic sites for them, and also aimed at knowing the de-
velopment of production and its importance in Sudan. The importance of the
research lies in the fact that gold mining is one of the important economic re-
sources of Sudan and provides a work disk and generates difficult currencies
for the country, so deliberate plans must be drawn up to be exploited by sci-
entific methods. The historical method was used to know the history of gold
and the historical development of production, and the descriptive method was
used to describe the sites of gold and describe the factors affecting gold pro-
duction. The statistical method for analysis was used in the analysis of gold
production. Information was collected from references related to the topic of
gold, and information was collected from primary sources of gold metal from
statistical reports of the Ministry of Minerals and from working papers and
seminars. The results of the research showed that gold mining in Sudan is en-
demic in twelve states, representing 66% of all states. Sudan, the research has
shown that the states in which the mining areas are located in the dry range
can plan to become the strategy in gold mining. The research found that gold
mining provided ample job opportunities in mining operations, amounting
to one million workers, in addition to other accompanying occupations that
serve miners totaling them. Five million people, and the total of those affected
reached eleven million, representing 27% of the total Sudanese people. The
results of the research showed the gradual development of gold production in
Sudan in 2004 AD production reached (5,000 kilograms), in 2005 (3,625 ki-
lograms), in 2006 (3,158 kilograms), in 2007 (2,703 kilograms), and in 2007
(2,276 kilograms), then the amount increased. Production in 2011 AD 26 tons
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of gold were produced, and in 2012 the amount of production reached 42
tons of gold, and in 2013 the amount of production reached 43 tons of gold,
and in 2014 the amount of production reached 70 tons, the development of
production in these recent years due to the increase in gold prices in addition
In addition, studies of geological research have proven the existence of large
quantities of reserves in mining areas. The results showed that indigenous
mining constitutes the highest percentage of more than 90% of all other types
of mining, i.e. produces fifty-four tons / year, while the mining activity of
concession companies contributes to the Sudanese economy in quantity It
is six tons / year, that gold mining contributes to the Sudanese economy, as
the franchise companies contributed 2% to the gross product. The research
recommended that a strategy should be developed for the development of
production and productivity for each geographical location that miners gold
in Sudan. The research also recommended paying attention to the mining sta-
tistical survey with joint scientific research from various disciplines related
to gold mining in order to access a reliable and accurate statistics database
for each individual site to know production and productivity. He revealed the
shortcomings and social and economic deficiencies
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v, Data sources: Shape files ( Minerals in the Sudan, Sudan Sates, River Nile)

% Geographic Coardinate System: GCS_WGS_1984 | Datum: D_WGS_1984, Adindan
Regional Geology Administration, Geological Research Authority of the Sudan,
Minstery of Minerals , September, 2011
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where surface waters required for larval development are absent for 4-8 months per year and under such
conditions Anopheles gambiae disappears. It furthermore agrees with the fact that, whether Anopheles
gambiae populations survive the long dry season by aestivation or are re-established by migrants from
distant locations where larval sites persist has remained an enigma for over 60 years this is important
because fragile dry season populations may be more susceptible to control (Lehmann et al., 2010).
The model integrated commensurate development of preventive infrastructure, public hygiene and
reasonable housing with vast increase in agricultural expansion. Such vast increase is needed_because
achievement of food security for the rapid growing population of Sudan and the need for provisioning
of jobs opportunities for the growing working youth are vital. The model also, considered environmental
health policies and plans and community awareness on malaria prevention and fighting have to be
integral part of agricultural development programs. This is very important as community participation
in environmental management became beneficial in recent times. The model also considered that the
impact of epidemic in general could be controlled or minimized by prediction and improved prevention
through timely vector control and deployment of appropriate drugs. This could be more enhanced by
malaria Early Warning Systems as a means of improving the opportunity for preparedness and timely
response (Kopec et al., 2005). In addition, changing of traditional cropping system might help curbing
malaria in arid Sudan since there is a concern that crop irrigation that results in increased numbers
of vector mosquitoes will lead to a rise in malaria in local communities (Ijumba et al., 2002), and the
experience of rice irrigation was associated with less malaria than alternative agricultural practices,
despite the considerable numbers of vectors produced in paddies. As the majority of the agricultural
development is in arid Sudan is privately owned farms, particularly the Arabs, their incorporation into
the achievement of the integrated parts of the proposed model is vital.

This proposed model here, if successfully implemented could be transferred to other areas of Sudan and

to other similar environments worldwide.
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associated with agricultural development might help also in the spread of malaria in the two States since
forest coverage has proved to be a significant risk factor for malaria infection in a hilly forest area of
Bangladesh (Ubydul et al.,2009).

The huge water reservoir created by Merowe Dam is expected to increase malaria incidence in such
arid environment of the Northern State, and is expected to be more influential by the completion of the
proposed Dams. These dams could hamper river flow and water level variation; acting as reservoirs of
larvae; produce year-round breeding sites; suggests for changes in the ecosystem in an endemic malaria
area; may influence mosquito reproduction patterns; and produce changes in malaria seasonality (Fabio
et al,, 2011). Dams in Brazilian Amazon were the only positive breeding sites during the wet season as
no larvae were found in the river and larval collections from all sites in the river bed were positive for
An. darlingi immature stages in the dry season where the riverbed formed puddles, which were readily
colonized by mosquito larvae of various species (Fabio, 2011).

Agricultural expansions in Northern and River Nile States will attract labour force mostly, from central
and western Sudan which are mesoendemic areas of malaria endemicity. This will significantly influence
both States since the importance of migration in the spread of various diseases in tropical Africa has
been well documented (Alredaisy and Davies, 2003), and various facets of the effects of migration on the
spread and incidence of malaria have been examined seriously since the 1950s (e.g., May, 1958; Prothero,
1961; 1965; 1994; 2001; Meade, 1976; Singhanetra, 1993). The tradition movement of east-wards by
western Sudanese and West Africans along the savannah grass road and nomadic migration with the
seasons are very significant in the spread of malaria in Sudan. This has been confirmed in the Gezira
scheme where the long -standing contention among the Gezira tenants and these migrants were an
important factor in this disease (Elhassan, 1998). That was due to agricultural extension into the fertile
lands of Sudan following the establishment of Geizra Agricultural Scheme in 1924.

Agricultural expansion and building of dams in Northern and River Nile states are expected to change
malaria endemicity from Hypoendemic to Mesoendemic. This will make both States and central Sudan
a one continuous geographic area of mesoendemic malaria, and might extend to include Mediterranean
land. This will result in one continuous mesoendemic zone of malaria extending from interior Africa up
to the Mediterranean. According to Simon et al. (no date) preliminary analyses of existing endemicity
maps indicate the probable extent of malaria infection risk outside the AFRO area, and particularly in
the SEARO region, conclusions that remain strong even under very optimistic scenarios of endemicity
reduction.

Towards a model for control of malaria in arid Sudan

The proposed model (Figure 5) consists of six working integral parts to achieve its proposed purposes.
Complementary programs of eradication of malaria in central Sudan have to be integrated with those
in the new agricultural openings. The old experience of malaria control in central Sudan was evident
where Khartoum town itself was declared free of malaria from 1904 during the Anglo-Egyptian
Condominium (Gleichen, 1905). Environmental policies and plans which commensurate with “the
extent of the malaria problem connected with irrigation in arid zones does not depend as much on the
climatic conditions or the potentiality of the vector in establishing malaria transmission as on man-

made disturbance of the ecologic balance” (Farid, 1977) were integrated in the model. This integral

parts agrees also with that, Anopheles gambiae, inhibits diverse environments including dry savannas,
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perennial and moderate rather than low (Himeidan et al., 2005). This demarcates seasonality in malaria
transmission where Giha et al., (2000) confirmed seasonality in transmission and the epidemiology of
uncomplicated falciparum malaria in eastern Sudan. They found that about 90% of malaria morbidity
occurs during dry months and years of drought (Giha et al., 2000).

In the semi desert habitat of western Khartoum State adult population of A. Arabiensis survive through
the long dry season in a state of partial aestivation, characterized by limited feeding activity and a
degree of arrested ovarian development (Aboud et al., 2014). This accord with the study by Omer et al.
(1970) who found that in the valley of the White Nile the species maintained itself by low-level breeding
through the dry months

Relevant research in Africa and Asia provides supporting evidences for the fore discussion. The study
by Kibert et al. (2010) in two villages in a semi arid area of Ethiopia found that, malaria prevalence was
higher in an irrigated village than in the non-irrigated one. It is even higher during the dry season in the
irrigated village than the wet season compared to the non-irrigated village. Generally, irrigation schemes
among the Ethiopian Rift Valley may intensify malaria by increasing the level of prevalence during the
dry season (Kibert et al.,, 2010). In coastal savannah of Ghana, Okyereko irrigation project provided
evidence that malaria risk was lower at the irrigated village compared to non irrigated village during the
dry season and the likely reason is the low numbers of An. Funestus and An. Gambiae s.s. form (Wilson
et al., 2005). In India, year- round irrigation and multiple cropping have given rise to an increase in the
incidence of malaria over an 18-year period in the Mahi-kadana irrigation Project in Gujarat State, India.
Further man-made disturbances such as over-irrigation and lack of drainage have also compounded
the problem (Jayaraman, 1982). Thar Desert in India is currently suffering from the impact of repeated
annual epidemics due to progress of canal-irrigation work where malaria prevalence rate was higher in
an irrigated village compared to a truly desertic unirrigated village (Tyagi, 2001). P. falciparum malaria
incidence cases have been found to increase significantly corresponding to dry months and seasonal
monsoon time scales over Bikaner in Thar Desert (Jhajharia et al., 2013). “Therefore, the Thar Desert
provides an excellent model for understanding the underlying factors responsible for the exacerbation
of evolution of the epidemics” (Tyagi, 2004). In border counties in south-western China and especially
in Yunnan Province which is semi arid, malaria cis a serious health problem (Yang et al., 2017), and in
Motou County malaria increases during summer and distributed in townships along Yaluzangby River
in Mengba national minority (Zhuoma et al., 2012).

Micro-climatic changes are expected in Northern and River Nile States due to recent agricultural
expansion and building of new dams. This has been confirmed by that, change in the distribution
of malaria is foreseeable because of potential consequences of anthropogenic climate change as was
evident in southern and south-eastern Asia (Hassan, et al., 2016). Since malaria is known to be sensitive
to climate factors it could consequently develop for several months in most areas of Sudan (Aal and
Elshayeb, 2011), including both States although they have maximum average temperature above 37° C
and minimum average temperature below 10 C °, which are not so conductive to the malaria mosquito’s
survival (Akhtar et al. 1977). It also expected that introduction of animal keeping and forests plantation
into these new agricultural expansions will contribute in malaria transmission and endemicity. This

supported by that, agricultural settlements, as well as small-scale cattle-farming, currently represent

major colonization schemes in the Amazon and correspond to important foci of malaria. Also, forests

£2020 43551 - Jo¥I susll deteally didl el Olulyuld o3l dlxo

40



These schemes and Meroe Dam are served by roads network (table 5) which are linked by many bridges
including Friendship Bridge linking Merow and Karima (432m), Dongola - Suleim (693m), Damar —
Umeltuer - Akad (858m), Shendi - Metama (660m), Daba - Argi (466m), and Kasinger - Meroe Dam
railway. In addition, Merowe International Airport, Merowe Hospital, Merowe Technical College were
built to serve the population. These roads are expected to facilitate flow of production and people who
might be carriers and hosts of malaria parasite (Dams Implementation Unit, 2019).

Discussion

A. Arabiensis is opportunistic feeder and efficient vector of Plasmodium falciparum in Africa and may
invade areas outside its normal range, including areas separated by expanses of barren desert, and the
models used reveal large areas of future habitat connectivity that may facilitate the re-invasion of A.
Arabiensis from Sudan into Upper Egypt (Fuller et al, 2012). Malaria is currently a serious health
problem in Sudan and one which appears to be getting worse since it is threatening Sudan’s desert land
through vast agricultural expansion and building of new dams. These recent expansions, as exemplified
by Northern and River States, could hold suggestions for spatial shifting of malaria endemicity from
hypoendemic to mesoendemic in both the States to become similar to central Sudan. Relevant research
results could rationalize for that particularly where “the association of malaria with irrigation in arid
lands has been known in ancient and recent history” (Farid,1977) and that increased numbers of vectors
following irrigation can lead to increased malaria in desert fringes (Ijumba, 2001).

The Northern and River Nile States have witnessed major environmental transitions since the last glacial
maximum, 18000 years ago, from hyper arid desert to tropical grasslands, then to semi-desert and back
to tropical desert today. Human activities and settlements patterns changed markedly with the rise and
fall of kingdoms. These factors will have facilitated the spread of mosquito populations and then, by
1500 years ago, contributed to their reduction, or demise. A. Arabiensis exhibits considerable ecological
and behavioural plasticity allowing it to survive in harsh conditions of arid regions. The “sagia” water
wheel introduced at the medieval times brought an expansion of human population along the Nile
and presumably a gradual reappearance of mosquitoes which continued with occasional setbacks to
the present day. Anopheles arabiensis is the only anopheline to have been found between the second
and fifth cataract and that it has remained limited to the south of Wadi Halfa over the last century
with only intermittent forays into Egypt, where it caused at least two serious outbreaks (Malcolm et al,,
2007). Isolation was almost complete except for limited dispersal downriver via the Abu Hamad reach
(Malcolm et al., 2007). There was an inverse relationship between the Nile water level and A. Arabiensis
production along the River Nile from Dongola where productive breeding in riverside pools was the
main source of A. Arabiensis as the river receded (Dukeen and Omer, 1986).

In semi arid Khartoum State, agricultural schemes provided 25% of mosquito breeding sites and perhaps
86% of these schemes’” dwellers are infected with the malaria parasite (Khartoum State Ministry of Health,
1996). This was, as well observed in the new irrigation areas in the State’s close proximity (El-Sayed et
al,, 2000), and particularly more noticed in Khartoum North which is almost surrounded by irrigation
schemes (Davies, 1991) as accounted for the higher malaria incidence recorded in Khartoum State (Hag
Ahmed, 1991). This was similarly noticed by Himeiden et al. (2011) in semi-arid eastern Sudan where

a difference in pattern of malaria transmission was noticed between non-irrigated and irrigated areas.

It was even more noticed in Wadi Halfa irrigated area where transmission and intensity of malaria is
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by Dam Implementation Unit, Sudan. These Dams will irrigate the proposed agricultural extensions in

the Northern State (Table 4).

state

Name of Agricultural Scheme Location Description Length
Km.
Goleid West Close to Dongola-Khartoum-Highway and Dongola | -
Airport
Argein - Gamei Close to asphalt roads and railways and air transport | -
khuwei  for  agricultural | Close to Dongola-Khartoum-Highway and Dongola | -
production Airport
khuwei Scheme for Animal | Close to Dongola-Khartoum-Highway and Dongola | -
Production Airport
Kuka plain - -
Alfida Abu Hamad-Atbara Highway, Challenge Road to Port | -
Sudan and railways, all roads connecting the capital
Khartoum with all states of Sudan
Gihad Asphalt roads and railways -
Wadi el Sheikh for mixed | Abu Hamad-Atbara - Khartoum Highway, then | -
agriculture Challenge Road Atbara-Haya-Port Sudan and
railways, all roads connecting the capital Khartoum
with all states of Sudan
Wadi Naga3a Asphalt and country roads connecting River Nile state | -
with Khartoum capital and Challenge road connecting
the state with Port Sudan
Merowe- Dam Connecting Merowe town with the dam 36
Karima-Dam Connecting Karima town with the dam 27
Karima- Nawa Connecting the two towns 180
Shirian el Shimal Connecting Khartoum city with many towns 254
Merowe- Multaga Multaga is a nodal point for many roads (Shirian, etc.) | 94
Merowe- Atbara Connecting two towns 262
Karima-Sulaim-Dongola Connecting three areas 180
Dogola-Wadi Halfa Connecting two towns 412
Dongola - Khartoum Connecting Capital of Sudan with all the Northern | 500

Table (5): Road network serving the new agricultural schemes

in Northern and River Nile States

Source: Dams Implementation Unit Sudan. http://www.diu.gov.sd
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khuwei for Agricultural | South of Sulaim basin - Dongola | 200,000 Nile  water  or
Production locality artesian wells
khuwei for  Animal | khuwei Wadi - Dongola locality 250,000 Flood irrigation and
Production surface wells

Kuka plain Wadi Halfa locality , west of the Nile | 56,000 Nile water

Alfida Abu Hamad locality, River Nile state | 30,000 Nile water

Gihad Shendi, River Nile state 4,000 Nile water

Wadi el Sheikh for mixed | Abu Hamad locality, River Nile state 13,000 Nile water
agriculture

Wadi Naga3a West of the Nile, near Matama town | 100,000 Nile water

Hamdab el Gadida Meroei area 35,000 Nile water

Amri el Gadida Meroe area 67,000 Nile water
Manaseir el Gadida Meroei area 60,000 Nile water

Kehaila east Meroei area 45,000 Nile water

Total Area 1,116,000

Source: http://www.diu.gov.sd

Table (4): Proposed Agricultural extensions for Artesian Irrigation in Northern and River Nile States

Name of a scheme Area(Feddans) Name of a scheme Area (Feddans)
Khwei and Silaim Basin 320,000 Naga3 Wadi 200,000
West Dongola plains (Akaadm | 15,000 Mkabrab Wadi 85,000
Ga3ab)
Bakri and Rumi plain 15,000 Hawad Wadi 50,000
Latti basin 10,000 Lower Atbara River 40,000
Afad and Argi basin 10,000 Wadi Sial plains- West of the | 5,000

River Nile

Wadi Magadem 50,000 Khelaiwa - Barber area 4,000
Total 840,000

Source: Niema Abdelkhali Mustafa. 2015. Climate change, enhancement of African environmental

coping systems, Omla Printing Press, Khartoum, p. 24.

Meroe dam was constructed by 346 km far north of the capital Khartoum and by 330 km of the northern

borders of Sudan. Huge reservoir of water was created behind the dam extending for 176 km from

the fourth cataract up to south Abu Hamad area in a desert area where new agricultural schemes and

villages have developed (Dams Implementation Unit, 2019). In addition to Meroe Dam, some other

Dams including Kagbar north of Dongola town and Dal south of Halfa town were proposed to be built
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Figure 6: New agricultural schemes in Northern State
Source: Tekno Consultancy Company, 2019
Table3: New agricultural extensions in Northern and River Nile states
Name Location Area (Fadden) | Irrigation
Goleid West South of Dongola area 50,000 Nile water or
West of the River Nile artesian water or
drip, axial, flash
irrigation
Argein - Gamei Gami plain west of Halfa town on the | 200,000 Direct pumping
western bank of River Nile, lies within from the River Nile
the Nubian Basin for complementary
irrigation
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systems were applied (Table 2) with dominance of private schemes extending along the River Nile, while
many other schemes were irrigated by artesian water (Table 2).

Table (2): Agricultural systems in the Northern State

Agricultural systems number Cultivated area (Feddans)
Co-operative societies 159 116720
Agricultural companies 55 135900
Nile private agricultural schemes 7647 93985
Artesian private agricultural schemes 15,131 120486
Total 22,992 467091

Source: Northern State, Ministry of Agriculture, Dongola, 2008

The the total area suitable for agriculture utilization in the Northern State was 352,419 feddans. 49.2%
of that area was utilized by 182 governmental and privately owned agricultural schemes while 50.8%
remained uncultivated (Northern State, Ministry of Agriculture and Animal Resources and Irrigation,
2008). Over the remaining and newly introduced lands recent agricultural expansion took place (Tables
3) by National private sector and Arab investment (Figure 6). Some of these schemes extend along the
River Nile (Table 3) with a total area of 1,116,000 feddans beside some proposed ones with an estimated
total area of 840,000 feddans into adjacent desert’s fertile lands to depend on artesian water for irrigation

(Table 4 and Figure 6). So, the estimated grand total of all agricultural expansion is 1,956,000 feddans

and is expected to reach more than 2,000,000 feddans by the largest centre-pivot irrigated alfalfa farms
across 87,200 hectares in Wad Hamid area (US-Sudan Business Council, 2018).
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rocks (Ahmad et al., 1984). These basement complex rocks are exposed along the course of the Nile
and in the central part of the State which are mostly in the form of N-S elongated exposure while
Aeolian deposits consist of dune, inter-dune and sand sheets (Abuzeid, et al., 2017). This harsh geologic
environment is expected to be participatory influencing malaria incidence like climate; however, the
intervening factors have to be considered.

Data sources were Dams Implementation Unit, Sudan (diu.gov.sd), Federal Ministry of Agriculture,
Federal Ministry of Health, and National Centre for Health Information (NCHI.Gov. Sd.), Tekno
Consultancy Company, relevant books on geology and climate of Sudan, and relevant scientific
research on Google Scholar. The comparative and analytical approaches were applied to justify the
research problem. The east-west line extending along the southern parts of the desert and separating
hypoendemic from mesoendemic malaria zone was taken as the datum for the statement of this study.
The relevant research results at national, regional, and international levels were used to rationalize this
research statement.

The proposed model (Figure 5) consists of six integral parts, without priority of ordering, to achieve
model proposed purposes and purposively work to try keeping arid Sudan, as exemplified by Northern
and River Nile States, as hypoendemic area rather than to become a mesoendemic area of malaria

endemicity, and also to contribute into future complete eradication of malaria.

Malaria Controlin Arid
Sudan

!’

Commensurate development of
preventive infrastructure, public
hygiene and reasonable housing.

Environmental health policies and plans and
community awareness on malaria
prevention and fighting have to be integral
part of agricultural development programs.

v . A
Prediction and improved prevention through timely MalariaEarly Warning f._
vector controland deployment of appropriate drugs Systems

Complementary programs of eradication of malaria
in central Sudan have to be integrated with those

in the new gg[gglmml openings.
5 Changing of traditional ¢
cropping system

Proposed model for control of malariain arid Sudan

Figure 5: A Proposed model for control of malaria in arid Sudan

Agricultural expansion in the Northern and River Nile States

The total agricultural area in the Northern State was estimated as 14 million feddans where 49% are arable
land (Ministry of Financce, Northern State, 2003:25). Types of soils in the Northern State according to
Musned (2000) include Desert; Riverain; lands of recent flood plain and flood lands (covered by Nile
water annually); mid-terrace lands (irrigated by water pumps and relatively remote from the Nile); high-
terrace lands (remote from the Nile and never reached by flood water and they were part of flood plain

lands but erosion factors have changed their contour); and soils of old Nile channels and their tributaries

such as Wadi Mugadem and Wadi Ga’ab which are characterized by fertile loamy soil. Many agricultural
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Figure 4: Malaria Inpatient in Northern and River Nile States: 2007-2017
Source: Federal Ministry of Health, 2017

Study area and Methods

The Northern state with an area of approximately 348,765 km’, lies between latitudes16°N and 22°N;
and longitudes 20°E and 32°E provides huge area for mosquitoes to niche. This is enhanced by the River
Nile which bisected the two States. Both banks of the River Nile are occupied by population whom were
estimated at 699,065 inhabitants in the Northern State, 80% of them live in rural areas; and some others
are nomads, giving a total density of 2 persons /km’ (Ministry of Finance and Economic Planning, 2008).
The River Nile State lies between latitudes 16° N and 22° N and longitudes 32° E and 35" E. The two
States lie within the desert climatic region of Sudan). The Minimum average temperature is witnessed
during January which might be below 10 C °. The maximum average temperature exceeds 40 Celsius
degree during summer months of April, May, and June, July and August, due to absence of clouds and
the prevalence of dry northeast winds. Therefore, they receive the highest levels of solar irradiation
over the Sudan. Annual rainfall is infrequent and ranges between 200 mm to 25 mm northwards which
means very low humidity levels and a poor sparse desert vegetative cover. The two states are also under
higher onsets of desertification and sand encroachment which excavate the desert climatic conditions.
These general climatic conditions might seem to be hostile for malaria mosquitoes; however, factors
such as that A. Arabiensis exhibits considerable ecological and behavioral plasticity allowing it to survive
in harsh conditions of arid regions, changing climatic conditions and recent expansion of agricultural
schemes and building of dams.

Vast expanses of eolian sands are prevailing in the north-western parts of the Northern state and west
of the Nile. There are small outcrops of sandstones and conglomerates with some limestone and cherts.

Some cross-bedded of sandstones were also noted west of the River Nile between latitudes 20° and 21°

N, and in the northwest corner of the Sudan. Nubian sandstone outcrops overlie the basement complex
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2017) the Northern and River Nile States still keeping a higher record in malaria incidence (Figure
4) although annual increase of the population in the Northern was 2.1% and came last in ordering of
Sudan’s States by population number (Ministry of Finance and Economic Planning, 2008). In the view
of this study, high records in malaria incidence in the two States are not thoroughly due to increase of
population or good reporting to hospitals, but to new agricultural expansion and building of dams in
both States.
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Figure3: malaria cases among Sudan States 1997-2007

Source: Aal A.R. and Elshayeb A.A.2011. The effects of climate changes of the distribution and spread of

malaria in Sudan. American journal of environmental engineering 1(1):15-20
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Figure2. Distribution of malaria in Sudan
Source: After Aal A.R. and Elshayeb A.A. 2011. The effects of climate changes of the distribution and

spread of malaria in Sudan. American journal of environmental engineering 1(1):15-2

Tablel. Malaria epidemiology in Sudan

strata classification Annual parasite Number of Malaria intensity
incidence population
Desert fringe Hypoendemic 3.8 1,000,000 Unstable
Poor savannah Mesoendemic 4.8 20,000,000 Unstable
Rich wet savannah | Hyperendemic 1.5 4,000,000 stable
Urban malaria Mesoendemic 0.3 5,000,000 Unstable

Source: Aal A.R. and Elshayeb A.A.2011. The effects of climate changes of the distribution and

spread of malaria in Sudan. American journal of environmental engineering 1(1):15-20

The research problem

In 1995 malaria topped the list of disease admissions to Sudan’s hospitals and it was the major disease
killing children less than 4 years of age, accounting for more than one third of all hospital deaths
for this age group (Ministry of Health, 1995). During the period 1997-2007 (Figure 3) the Northern
State came second to the Blue Nile State in malaria cases although they differ significantly in climatic
conditions. The River Nile State (Nahr Elnil) is almost similar to Kasala and Khartoum States which lay
into somehow rainy zone in central Sudan. During the period 2007-2017 (Federal Ministry of Health,
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at least to keep them hypoendemic rather than to become mesoendemic areas of malaria endemicity.
Malaria endemicity in Sudan

In Lysenko and Semashko map of malaria endemicity (Figure 1) the desert of Sudan is malaria free.
Hypoendemic malaria restricts to the River Nile and includes a very small area from the northern parts
of central Sudan. Southwards from hypoendemic zone malaria becomes mesoendemic in central Sudan
and then hyperendemic in the former south Sudan (Lysenko et al.,, 1968). Malik and Khalifa (2004)
indicated to south Sudan as holoendemic and that 80% of Sudan’s population are living in epidemic-
prone area-unstable malaria transmission. Aal and Elshayeb (2011) produced a map (Figure 2) and table
(tablel) for malaria epidemiology in Sudan which agrees with Lysenko’s map (Figure 1) and Malik and
Khalifa (2004) while introduced urban malaria as mesoendemic similar to central Sudan. The whole of
central Sudan, as far north as Atbara town on the main Nile, has climatic conditions conductive to the
spread of malaria (Dutt et al., 1978). The dominant species of malaria-carrying mosquito is anopheles
arabiensis and the main parasite involved is Plasmodium falciparum, the main cause of malignant tertian
malaria (Hamad, 2002). In 2010 the majority of the geographical area of the Sudan had risk of <1% PFPR
2-10. And about 80% of Sudan’s population was in the areas in the desert, urban centres, or where risk
was <1% PfPR 2 (Abdisalan et al., 2012).

I Holoendemi:
] ledem_lt

0 mtalaris free

Fig.1. Global map of malaria endemicity
Source: Lysenko A J. and Semashko I N. 1968.
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2001). The best conditions for the anopheles are said to lie in temperature between 25°and 35° C, with
relative humidity at 60% and rainy season of at least three months. Temperatures below 16°C and above
37°C are not so conductive to their survival (Akhtar et al., 1977). The degree of efficiency of malaria
vectors to transmit malaria from one human to another is an important factor defining the distribution
of malaria in Africa. The distribution of malaria is most influenced by its mosquito vector, which is
sensitive to extrinsic environmental factors such as rainfall and temperature. Temperature also affects the
development rate of the malaria parasite in the mosquito (Leahman et al., 2010). Because environmental
variables are mostly correlated in space, significant spatial association is expected in the spatial patterns
of the malaria (Osei et al., 2015).

No recent global maps of malaria endemicity have been developed since those of Lysenko in 1968,
despite significant advances in the collection of empirical data, global environmental information from
satellites, and the statistical techniques that can be used to integrate them (Simon et al.,2004). Endemicity
of malaria as used by Lysenko was defined by the parasite rate in the 2-10-year age cohort (hypoendemic
<0-1; mesoendemic 0-11-0-5; hyperendemic 0-51-0-75), except the holoendemic class (>0-75) where the
parasite rate refers to the 1-year age group (Metselaar et al., 1959).

A change in the distribution of malaria is foreseeable due to the potential consequences of anthropogenic
climate change. An increase in the Earth’s temperature and precipitation can create conditions more
conducive for the breeding of the malarial vectors. Some studies suggest that climate change can alter
the distribution of vector-borne diseases, including malaria, causing regions that are currently free of
such diseases to be affected. Thus, climate change could extend the distribution of the Anopheles vector,
which is found worldwide except in very cold regions, such as Antarctica. “The considerable change in
land-use practices resulting from increasing irrigation in recent decades raises important questions on
concomitant change in malaria dynamics and its coupling to climate forcing. Irrigation can lead to more
endemic conditions for malaria, creating the potential for unexpectedly large epidemics in response to
excess rainfall” (Baeza et al., 2011).

Demographic factors and despite human activities have reduced by half the land area supporting malaria,
demographic changes resulted in a 2 billion increase in the total population exposed to malaria risk
(Simon, et al.,2004). Although population growth will not substantially change the regional distribution
of people at malaria risk, around 400 million births will occur within the boundary of current distribution
of malaria by 2010 (Simon, et al.,2004).

“Human- made ecologic transformations such as water resource development projects has led to a
history of facilitating a change in the frequency and transmission dynamics of malaria due to proximity
to irrigation schemes. Whether an individual water project triggers an increase in malaria transmission
depends on the contextual determinants of malaria including the epidemiologic setting, socioeconomic
factors, vector management, and health seeking behaviour” (Keiser et al., 2005). The high rates of
population growth in Sudan and the demand for food have increased the area under agricultural
production including reclamation of arid and semi arid lands and consequently malaria is associated
with irrigation schemes.

The objective of this paper is show that agricultural expansion and building of dams into the desert

of Sudan will spatially shift endemicity of malaria from hypoendemic to mesoendemic similar to the

irrigated area in central Sudan. It also objects to propose a model for malaria control is these arid lands
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Abstract

Malaria is a serious tropical disease disrupting the social and economic life of many African communities.
Malaria endemicity was classified into hypoendemic, mesoendemic, and hyperendemic with increasing
degree of severity. Hypoendemic malaria restricts to the River Nile and a very small area from the
northern parts of central Sudan. Southwards from hypoendemic zone malaria becomes mesoendemic in
central Sudan and then hyperendemic in the former south Sudan. This study was based on the statement
that, agricultural expansion and building of dams into the desert of Northern and River Nile States of
Sudan will spatially shift malaria endemicity from hypoendemic type to mesoendemic type. Sources of
data included, published information by National Centre for Health Information, Federal Ministry of
Agriculture, Dams Implementation Unit - Sudan, relevant books on geology and climate of Sudan, and
relevant scientific research on the Internet. Comparative and analytical approaches were applied. Results
suggested for high expectancy of shifting of malaria from hypoendemic to mesoendemic when during
the period 1997-2007 the Northern State came second to the Blue Nile State in malaria cases although
they differ significantly in climatic conditions. The estimated grand total of all agricultural expansion
was 1,956,000 feddans and was expected to reach more than 2,000,000 feddans by the largest centre-
pivot irrigated alfalfa farms across 87,200 hectares in Wad Hamid area. Meroe Dam created a huge
reservoir of water extending for 176 km from the fourth cataract up to south Abu Hamad area where
new agricultural schemes and villages have developed. It is expected also that, a geographic corridor of
mesoendemic malaria will be created to link River Nile and Northern States with southern Egypt and
Mediterranean lands northwards, and interior Africa southwards. Relevant scientific research in Sudan,
Africa and Asia supported these suggestions where “the association of malaria with irrigation in arid
lands has been known in ancient and recent history” and that increased numbers of vectors following
irrigation can lead to increased malaria in desert fringes. The study proposed a model for controlling
of malaria in arid Sudan purposively to keep it hypoendemic rather than to become a mesoendemic of

malaria endemicity.
Key words: malaria, endemicity, geographic shift, agricultural expansion, desert environment,

Malaria is a serious tropical disease disrupting the social and economic life of many African communities
in both rural and urban areas. It is estimated that malaria threatens the lives of 40% of the world’s
population and is a public health problem in more than 90 countries to varying degrees (World Health
Organization, 2012, 2015); a serious parasitic disease worldwide (Yongze et al.,2016) and one of the
largest obstacles to socioeconomic advancement (WHO, 2016). In AFRO area the population at risk grew
from 0-06-0-65 billion during the 20" century, more than 80% of whom remain in areas of hyperendemic
and holoendemic malaria (Carter et al., 2002).

Plasmodium is the agent of the disease and of its various forms the most serious is Plasmodium
falciparum which on average proves fatal in 10% of cases caused by it (Meade et al., 1988). The vector
by which the disease is transmitted is the anopheles mosquito. As the breeding sites for the mosquito
are stagnant water, malaria was originally associated with rural rather than urban areas. Large areas of

the world have climatic conditions conductive to breeding of malarial mosquitoes, including not only

tropical lands but also many areas with warm temperature and Mediterranean-type climates (Prothero,
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Supplements

Annex (1)

Average monthly precipitation amount in Saudi Arabia

During the period from 1985 to 2016.

s g k] 3 = < g S 2
Turaif 12.15 10.65 10.33 8.70 312 0.05 0 0 0.42 6.44 8.97 11.70
Arar 9.68 6.08 7.60 7.67 1.05 0 0 0.01 0.03 4.56 6.93 9.76
Guriat 9.90 4.02 7.83 3.57 224 0.05 0.14 0.61 0.26 270 4.54 9.03
Al-Jouf 11.83 6.81 5.89 516 1.70 0.11 0 0.05 0.47 591 8.40 9.35
Rafha 14.13 8.58 14.78 | 11.01 3.10 0.03 0 0.01 0 2.60 14.54 8.14
Gaisumah 21.25 12.53 16.25 | 14.76 329 0.11 0 0 0 3.11 20.60 20.32
Tabuk 7.55 1.756 448 2.11 4.26 0.25 0.05 0.66 0.19 516 6.52 5.46
Hafr Elbatten 27.05 11.53 1178 | 17.97 | 247 0 0 0.05 0 2.65 21.87 14.69
Hail 23.87 7.340 14.78 | 14.65 5.45 0.08 0.14 0.05 0.08 6.06 12.52 7.65
Wejh 8.76 3.98 2.54 0.54 0.44 0.01 0.14 0.04 1.38 1.20 9.46 10.67
Qassim 19.37 9.40 18.51 | 24.60 | 7.39 0.01 0 031 0.13 3.15 24.16 14.24
Dhahran 17.44 10.80 15.61 5.47 277 0 0 0.46 0.3 145 18.22 18.70
Al-Ahsa 14.82 798 1585 | 11.95 3.25 0 0.69 0.12 0.53 0.70 16.40 22.07
Madinah 6.76 2.70 8.78 9.73 4.47 0.14 0.57 3.70 0.28 3.07 12.81 7.09
Riyadh 15.26 6.52 18.08 | 37.87 4.08 0.14 0 0.33 0.00 1.06 16.08 15.02
Yenbo 745 1.28 1.16 0.40 0.05 0 0 0.07 0.04 443 7.12 11.95
Jeddah 10.97 3.30 3.55 0.66 0.17 0 0.43 0.56 0.08 1.02 23.71 11.20
Makkah 18.25 3.77 5.62 11.48 3.04 0.01 1.16 532 525 12.16 | 20.74 19.05
Taif 10.06 2.55 1323 | 348 | 2852 3.74 1.91 16.00 10.03 | 1229 | 18.56 6.36
Al-Baha 9.07 1.50 11.06 | 32.95 | 23.94 5.90 10.14 11.00 2.50 7.21 8.33 4.55
‘Wadi Dawasir 1.50 0.51 5.16 10.43 3.69 0.11 1.97 2.66 0.00 0.66 1.768 2.50
Bisha 8.84 0.55 12,66 | 37.37 | 10.78 2.66 055 278 0.01 1.75 5.56 3.40
Abha 15.40 11.14 39.97 | 51.32 | 25.66 7.64 18.98 24.50 5.45 235 527 3.78
}5‘]::;:; 718 4.01 21.71 | 4345 | 31.92 17.05 | 22.39 26.82 3.73 4.26 523 1.38
Najran 3.1 0.94 1539 | 20.25 9.17 3.11 249 9.85 0.14 4.04 5.81 1.20
Sharorah 0.86 2.50 15.59 | 16.34 3.86 4.11 3.94 7.13 3.88 1.48 0.51 0.35
Jazan 13.01 4.32 4.75 13.55 7.30 0.93 12.46 25.12 9.80 14.64 1222 15.92

Source: General Presidency of M logy and Envi | Protection, Ministry of Economy

and Planning Statistical Yearboo
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FAO Irrigation and Drainage paper, Indian agricultural research institute
New Delhi.

= Girba, Gehad Mohamed (1982): Joint Work and Results of
Middle East Low and Sudan Low on the South —West of the Kingdom
of Saudi Arabia. The Fifth Conference for Biological Sides. College of
Science. King Saud University. Riyadh.

= Magames, Abd- AlAziz, (1988): Regional Divisions of the
Characteristics of the Rain in the South- West of the Kingdom of Saudi
Arabia. A study on Geographical Climate. Unpublished Master Thesis.
King Saud University, Riyadh.

o Middleton, N, J. (1986). Dust storm in the Middle East. Journal
of Arid Environments, vol. 10, pp 83-96.

= Ministry of Higher Education, (2000). The Atlas of the Kingdom
of Saudi Arabia. 2™ Edition, Obeikan Library, Riyadh.

= Siraj, A, A. (1980). Aziad Weather, General Directorate
Meteorology. Jeddah, Saudi Arabia.

. Al-Suilm, A, M, (2008), Volatility of Rainfall in the middle of the
Arabian Peninsula during (1030-1349/1621-1930). Journal of Al-
Darh, Vol. 4, Riyadh.

= World Meteorological Organization, (2010). A Statement of
the Organization on Climate Change, (2009). Printed by the WMO.
No.(1055).
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. There is a variation in the quantity of rainfall between the regions
of the Kingdom. The areas that are located in the south-western heights,
represented in both Abha and Khamis Mushait stations are tops areas in
terms of rainfall during summer and autumn.

. The north and middle areas of the Kingdom come first in terms
of the recurrence of rainfall in winter, as in Qaisoma and Hafr-Al- batin
stations.

. The most important area in terms of the recurrence of rainfall in
autumn is Jazan, which is located the far south-west of the kingdom.
Recommendations:

Based on the findings and discussion of the research results, one could recommend foI

recommends the following;

. Benefit from the quantity of rainfall in expanding green areas in
cities.
. Lower the risks that result from the increase in rainfall by

abiding to the regulations and laws that limit urban sprawling and ban
construction in the courses of valleys.

= Raise the citizens’ awareness of risks in the areas that witness a
seasonal increase of rainfall.
. Take in consideration the directions of running valleys resulting

from heavy rains, especially in west and south -west of the Kingdom
when planning for land use.

. Conduct more studies on rain in the cities of the Kingdom of
Saudi Arabia.

. The need for more studies related to the impact of rainfall in
Saudi Arabia.
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Figure (7)
The Spatial Variation of the Recurrence of Rainfall According to the
Autumn season.

35°0'0"E 40°0'0"E 45°0'0"E 50°0'0"E 55°0'0"E
L N 1 i

Pz L=
fﬂl’\&/ ‘l autumn season
g ) GuriathTaT e 0.430-- 0.800- [
} ) 0.021- 0.430- [
PR
(¥ 0482-0021[_| [ Z

30°0'0"N
1

0.942-0482[ | '§
1403-0942 | |7
1.863-1.403 |
2.324-1.863 [
2.785-2.324 [
3.245-2.785 [

25°0'0"N
1

Yenbo Madinah

Makkah @
~e
Jeddah
Al-Baha \Wadi Dawasir)

Bisha

20°0'0"N
|
T
20°0'0"N

Sudan

‘Abha

Najran 4 s

Khamis'Mushait Sharorah A 4

s G
Jazan =

, 0100 200 400 - - Avab\an

T T
45°0'0"E 50°0'0"E 55°0'0"E

Source: The Researcher’s work depending on the data in table (5).

Results and Recommendations
Results.

From the analyses of temporal classification and spatial variation of

rainfall over Saudi Arabia, several results have been presented.

. The most recurrent period of rainfall in the Kingdom is the one
from April to August which represents both summer and spring.
. The period from November to February, which represents winter,
comes second in terms of the recurrence of rainfall.

. The period from August to October, which represents autumn,
comes third in terms of the recurrence of rainfall in the Kingdom.
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It has positive values higher than the true one. Jazan comes in the first
place where rainfall concentrates according to the third factor with a
value of 3,246. During autumn, Jazan is exposed to an unstable weather
due to the high temperature during the day and leads to the presence of
air currents that carry water steam, the control of the southwestern wind
which is affected by the expansion of India’s Seasonal Depression, in
addition to the impact of other local factors that result from the variation
of temperature value and air pressure. Following Jazan are Makkah and
Taif with a value that is more than (2,000°).

The second Category.

It includes the areas with positive values that are less than the true one. It
includes Abha with a value of (0,642), Khamis Mushait (0,238), Yanbu
(0,147) and finally Tabouk and Al-Jouf with values that range between
(0,043) and (0,014). These areas are characterized by moderate rain due
to the dominance of air instability in these regions.

The Third Category.

It includes all the remaining stations which have negative values that are
less than zero. Riyadh station comes first among the areas characterized
by less amount of rain during autumn according to the factor scores
of the third factor, with a value of (-0,900), followed by Bisha in the
second place with the value of (-0, 765), Wadi- al-dwasir (- 0,646) and
Jeddah (- 0, 141). This is due to the weakness of air stability in these
areas during autumn.
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Figure (6)
The Spatial Variation of the Recurrence of Rainfall According to the
Winter season.
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Spatial Variations of the Recurrence of Rainfall according to the

Autumn season.

This factor comes in the last place in terms of importance and it is called
“Autumn Season Factor”. Despite the low contribution of this factor,
but it highlights certain periods of concentrated rains. The factor scores
of this factor as in (Table. 5), (Figure.7) come between positive and
negative values. In the light of these values, the regions of the Kingdom
could be divided into the following categories:

The First Category.
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tops the other stations in the quantity of rainfall according to winter
factor. This comes as a result of the penetration of some hurricanes from
the Mediterranean Sea across the north of the Kingdom. Hafr-Elbaten
station comes in second with a value of 1.752, and this is also because
of the effect of India’s Seasonal Depression that is formed in the east of
Arabian Gulf because of the intensity of the solar radiation over central
Asia. This leads to the control of the north-western wind which is active
due to the development of the high altitude over the Mediterranean Sea
(Abdel- Azim, 1998: 396). All these result in rainfall especially after
crossing the bodies of water located in the west of the region. Gaisomah
comes in third place, followed by Dhahran and Al-Ahsa with values
range between 1,438 and 1,015.

The Second Category.

It includes the regions with positive values less than the true one, such
as Mecca with a value of (0,929), followed by Riyadh with a value of
(0, 770), Hail (0, 730), Abha (0,530), Ratha and Turaif (0, 300) and
then Jazan with a value (0,268). This is due to the union of the East
Low Depression with the air depressions coming from North Africa
such as the Sudan Seasonal Depression over Sarowat Mountains that
result in thunderstorms over the south-western regions of the Kingdom.
The hot surface creates instability in the low parts of the air, which in
turn stimulates the rising currents that carry water steam to the upper
atmosphere and thus increasing the rainfall.

The Third Category.
It includes the regions that have weak negative values less than zero.

These regions include, Wadi-Dwasir, Sharorah, Najran, and Al-jof with
values less than (-1,00). These regions are ranked first with the least
quantity of rainfall during winter. The regions that follows are: Khamis
Mushait, Yenbo, Bisha, AL-Baha, Guriat, Madinah, Raftha and Arar with
values ranged between (- 0, 900 and — 0,300). Most the south-western
regions are generally characterized by less recurrence of rainfall during
winter due to being remote from the effects of air depressions and their
position in the rain shadow, behind Asir Mountains as in Sharorah and
Najran stations.
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\ 20. \ Jazan | -0.081- 0.268 3.246

Source: Factor Analysis Outcomes.

Figure (5)

The Spatial Variation of the Recurrence of Rainfall According to the
Spring and summer.
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The Spatial Variation of Rainfall Recurrence according to the
winter season.

This factor, which is called winter season because of the recurrence
of rainfall, comes second in importance. Its scores -as shown (Table.
5), (Figure. 6) have either positive or negative values; according to
which the regions of the Kingdom could be divided into the following
categories:

The First Category.

It includes Gaisomah station, which with a very high value of 1,788,
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(-0,696 and -0, 049). The decline of rainfall on these regions is due to
the fewer occurrences of thunder storms in summer, especially the north
regions which are characterized by a stable climate during summer and
spring because it far from the impact of summer air depressions.
Table (5)

Selected rainfall stations and Factors Scores in the Kingdom of Saudi Arabia.

Number Station Fac 1 Fac 2 Fac 3
1 Turaif -0.406- 0.355 -0.146-
2 Arar -0.627- -0.328- -0.268-
3 Guriat -0.638- -0.625- -0.413-
4 Al-Jouf -0.696- -0.151- 0.014
5 Rafha -0.159- 0.397 -0.717-
6 Gaisumah -0.049- 1.788 -0.520-
7 Tabuk -0.834- -1.006- 0.043
1. Hafr Elbatten -0.075- 1.752 -0.510-
2. Hail -0.086- 0.731 -0.259-
3. Wejh -0.900- -0.531- -0.204-
4. Qassim 0.198 1.438 -0.525-
5. Dhahran -0.229- 1.261 -0.627-
6. Al-Ahsa -0.215- 1.015 -0.597-
7. Madinah -0.490- -0.599- -0.197-
8. Riyadh 0.283 0.770 -0.900-
9. Yenbo -1.139- -0.829- 0.147

10. Jeddah -0.913- 0.086 -0.141-
11. Makkah -0.809- 0.929 2.023
12. Taif 0.692 0.038 2.435
13. Al-Baha 0.891 -0.779- 0.642
14. Wadi Dawasir -0.543- -1.705- -0.646-
15. Bisha 0.332 -0.970- -0.765-
16. Abha 3.133 0.530 -0.552-
17. Khamis Mushait 2.848 -0.974- 0.238
18. Najran 0.242 -1.310- -0.356-
19. Sharorah 0.274 -1.551- -0.437-
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to the Scores of each factor that have been determined previously:
The Spatial Variation of the recurrence of rainfall according to the
First Factor

It is called “summer and spring factor” and is regarded the most
important factor because it witnesses an increase in rainfall rate. This
factor scores range between positive and negative as shown in (Table.
4). Based on this fact, the regions of the Kingdom are classified into
categories- (shown in Table.5) - as follows:

The First Category:

It includes the regions that contain positive values that are higher than
the true one, which are Abha and Khamis Mushait stations with very
high positive values (3,144) and (2,848), respectively. Hence, Asir tops
the Kingdom regions in the quantity of rainfall in both summer and
spring seasons, and this is due to the seasonal effects associated with
the annual sun movement that is vertical or semi- vertical on the area,
in addition to the effects of India’s Seasonal depression on the heights
on the south-west of the Kingdom. This approves the second hypothesis
which claims that the southwestern regions of the Kingdom have the
most recurrence of rainfall during summer.

The Second Category:

It includes the regions that contain positive values lower than the true
one such as Al-Baha station with a value of (0,891), followed by Taif
station (0,692). This category also includes Bisha (0,332) because it
is close to the impact of India’s Seasonal Depression. Moreover, it
includes Riyadh station with a low value of (0,283) and both Sharorah
and Najran with low values (0,274 and 0,242), respectively.

The Third Category:

Itincludes all regions with negative values less than zero, with the lowest
value recorded in Yenbo Station with (1,139), which is considered to be
one of the least regions to receives rainfall in summer and spring due
to its distance from the seasonal effects of rainfall. It is followed by
Jeddah station with a value of (-0,913) and wejh and Tabouk stations
with values of (-0, 900and (-0, 834), respectively. Then followed by
Makkah (-0, 809), Al-Jouf, Arar, Al-Guriat, Wadi-Dawasir, Madinah,
Turaif, Hail, Hafr-Albatten, Jazan and Gaisomah with values between
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Second: Recurrence and spatial variations of rainfall over the selected meteorological stations
In the current study, the quantity of rainfall in the Kingdom of Saudi

Arabia has been spatially classified according to the study stations
distributed in the different regions of the Kingdom, which is based on
the outcomes of the Factor Analysis represented by the Eigen Values,
Communalities and Factor Loading.

The study based its spatial variations of the recurrence of rainfall in the
Kingdom on the findings of the Factor Analysis through Factor Scores
which are standard values that show the extent of factor concentration
in specific geographical areas of the Kingdom. These values alternate
between positive values and negative ones, where the increase in the
positive values of the factor means more appearance of the characteristics
of the factor and its different variables., the characteristics of the factor
with its different variations in the geographical area (the Kingdom
areas). On the other hand, the negativity of the values signifies the
weakness impact of the characteristics of the factor in the geographical
area, from where the original data has been taken. The following is an
analysis of the spatial variation of the recurrence of rainfall according
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Figure (4)

Classification of rainy months based on The Third Factor.
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»Variable No. (1): For January. This variable comes in the first place in
its correlation with the second factor with a saturation value of (0,935).
»Variable No. (2): For February. It comes next in its correlation with the
second factor with a Value 0,845 saturation value.

»Variable No. (11): For November. It comes with a Value 0,825.

»The variable No. (12): For December. It comes with 0,801 saturation
value.

Based on the correlation between the above four variables and the
second factor, it is obvious that the period from November to February
is the second period for the recurrence of rainfall, which is linked to
winter and hence this factor is called “Winter Period”. It is considered
the second period in importance of rainfall.

2.  The Third Factor:

This factor comes third in importance as it includes 1,903 Eigen Values
and a variation ratio of 15,856% out of the analyzed average of the
original variables. The low average of participation of this factor does
not decline its importance in interpreting the received information in
the original variations, but it has a property of being separate from the
rest of the axis to illustrate the recurrence of the suspended rainfall
phenomenon in the rest of the year. The factor is associated with positive
variables as shown in the previous table (Table.4) and (Figure. 4). These
factors could be divided according to their saturation value with the
third factor according to their correlation which is 50%. They are:

. Variable No. (10): For October. It comes in the first place in its
correlation with the third factor with a Value 0,934.

. Variable No. (9): For September. It comes second in correlation
with the third factor with a Value 0,845.
. Variable No. (8): For o August. It comes fourth in correlation

with the third factor with a Value 0,545.

Based on the correlation between the variables above and the factor, it
is clear that rainfall is active in the period between August and October,
which is linked to autumn; and hence it is called “Autumn Season
Period”. It the third in the quantity of rainfall.

Figure (3)

Classification of rainy months based on The Second Factor
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Table (4)
Rotated Factor Matrix

Component
Months 1 2 3
January 018 935 -.018-
February .169 .845 -.283-
March .852 290 -291-
April .891 .039 .034
May .866 -.158- .308
June .862 -313- 110
July .847 -.181- 282
August 71 -.195- .545
September 405 -.014- .845
October .000 .076 934
November -.194- .825 153
December -.394- .801 120

It is clear that the above variables are the strongest variables that
are linked to the factor, which indicates that rainfall quantity in the
Kingdom increases between March and August (summer and spring
periods); therefore, the factor is called which is the main period for
rainfall quantity.

Figure (2)

Classification of rainy months based on The First FactorThe Second
Factor.

This factor comes second in terms of Of importance as it includes 2,899 Eigen
Values and its average variance is 24,154% out of the average of variances
explained in the original variables. This factor is linked to a number of
positive variables with a correlation that is 50% as the previous table
shows (Table.4) and (Figure.3). These four variables could be divided
according to its Value with the second factor as follows:
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and this is called “Factor Loading”, which are values that show the
link between the variables from one side and the factor from the other
side. Varimax Rotation is used to determine the relationship between
the factor and the variables. and it considered one of the most important
ways to rotate the saturations values because it aims at maximizing the
variances sum of the squared of factors saturations by assigning to each
variable to one saturation that is higher than one factor (near to the
true one), and lower than another factor (zero or near to zero). The
increase in the correlation between the factor and the variable signifies
the variable’s dependency on this factor. Accordingly, the correlation
between variables with the derived factors is identified -as appears in
(table 4)-as follows:

1. The First Factor:

It is considered the strongest one because of the increase of “Eigen
Values” which reach (5,379) and it is also characterized by the high
variation ratio which reaches (44,826%) out of the analyzed average
of the original variables. It also includes many positive variables that
correlate with the factor by more than 50% (Figure. 2). These seven
variables are:

* Variable No. (4) (For of April), It is considered the most important
factor that correlates with the factor, with a high Value (0,891).

* Variable No. (5) (For May), It comes in the second place in its
correlation with the factor with a Value 0, 866 saturation degree.

* Variable No. (6) (For June), It comes third with a Value 0, 862
saturation degree.

* Variable No. (3) (For March), It has a Value 0,852.

* Variable No. (7) (For July), This variable is linked to the first factor
with a Value 0,847.

* Variable No. (8): (For August), It is also linked to the first factor
with a Value 0,771 .
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Table. (2)
Factors and the Variations’ Ratios for Each Factor.

Component % of Variance Eigen Values Cumulative %
1 44.826 5.379 44.826
2 24.154 2.899 68.981
3 15.856 1.903 84.837

Source: Factor Analysis Outcomes.

Table (3) shows the results of communalities which represents one of
the outcomes of the Factor Analysis that indicates the contribution of
each variable in the derived factors that have been identified. The table
shows that August has the value 0f 0,930, which is the highest percentage
value. This explains that the percentage of the basic information in this
factor has been interpreted in the three Derived factors, as well as for
the other factors, which have a great part in contributing in the variation
as shown in the table (3). Hence, this gives a clear proof that a big part
of the variation data has been included in marked factors.

Table (3)

Communalities Contributions in factors.

Months Extraction
January .874
February .822
March .894
April .796
May .870
June .852
July .830
August .930
September .878

October .879
November 742
December .812

Source: Factor Analysis Outcomes.
It is clear from the Factor Analysis that any of these Derived factors
depends basically on the relationship between it and the studied Variables

£2020 43551 - Jo¥I susll deteally didl el Olulyuld o3l dlxo

10



also been done. Thus, this study is considered to be one of the applied
climate studies that present a clear analysis of the quantity of rainfall in
the Kingdom of Saudi Arabia.

Data Analysis.

First: Temporal Variation of Rainfall
The thirteen regions of the Kingdom are identified, and the monthly

average of rainfall is determined (Appendix 1). The study uses Factor
Analysis in analyzing the data relying on “Cut off point” which is
determined on the base of “Eigen Values” which is more than one. Three
factors have been investigated (Table, No.2). The first factor is the most
significant one because it has “Eigen Values” that reach (5,379) and it
also contains (44,826%) out of the percentage of the variance explained
in the original variables. Then these values decline in the second factor
and reach (2,899) “Eigen Value” with a percentage of (15,856%). The
third factor which is the last one representing the stop point with 1,903
Eigen Values and 15,856%. Contrast Ratio. Thus, three important
factors have been determined that could mark the rainfall quantity
in the Kingdom, and they represent 84, 837% of the proportion of
cumulative percentage (out of the percentage of the variance explained
in the original variables).
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of the Kingdom; coastal region in which the prominent differences
between Eastern coast and the West coast has been highlighted, and
the mountain region align with Tehama plains.

* Ayisha, Arishi, (2008): The researcher investigates the effect of
thunderstorms on the environmental development in Jazan and the
most seasons affected by thunderstorms that cause rainfall in Jazan,
because the rainfall increases in summer, especially in the south.
The finding of the study is that thunderstorms in Jazan negatively
affect people’s lives by causing landslides and rocky falls which
block roads, in addition to the impact of thunderbolts and heavy rain
that cause torrential floods on the region different environmental
developments.

. , (2009). This study investigates the rainfall in Jazan.
It shows the prominent characteristics of rainfall in the region
and time and space variation of the rainfall during seasons of the
year. It concludes that the mountain section in the region received
more quantity of rainfall and affects the west parts due to the flow
of torrents through vales which stretch from the east to the west.
Furthermore, the study tackles the effects of rainfall on the region
agricultural development.

* Mushait, Amal (2016): The Analysis of Climate and Weather in
the Mountains of the South-western of Kingdom of Saudi Arabia,
a study on Empirical Climate. The study investigates the weather
conditions, rainfall quantity and the average link with the weather
storms in the South-western Mountains of the Kingdom. The study
covers Abha, Khamis Mushait and Al baha. Finally, the study
detects the problems and risks that might happen because of this air
phenomenon.

After reviewing the previous studies, the current study has benefit from

the above studies in different fields is regarding to characteristic of dry

climate. This study is based on the quantity side which in turns based on
accurate statistics like the Factor Analysis from which the quantity of
rainfall in the Kingdom has been classified. An accurate classification
according to the time factor which is connected to the months of the year
and the spatial factor which is linked to the regions in the Kingdom has
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in the Possibility of Rainfall and Dryness in Malaki and Gaa Bani
Malik in South-western of The Kingdom. The significant result of
the study is that the value of rainfall in Malaki differs monthly and
the difference decreases at the end of winter and at the beginning of
summer, whilst in Gaa Bani Malik the value rainfall differs monthly
and the differences decline at the beginning of autumn and spring.

-- , (1995): Rainfall Probability and Reliability
in the Kingdom. This study is built on the probability of the maximum
rainfall in the south-western of the kingdom. Moreover, the study
investigates the variation of quantities that is used in agriculture
from region to another one. The study recommends the importance
of relying on the short periods of time monthly or seasonally to link
agricultural possibilities with the rainfall probabilities.

-- , (1996): Seasonal Fluctuation of Rainfall

in the Kingdom. In the above study, it comes out that the variation
factor is the best factor to measure the seasonal fluctuation for any
region. The study recommends that research should be done to know
about seasonal rain variations because of its negative effects on land
use.
Ibrahim Al-ehaydib, (1992): The Distribution of Rainfall in the
South-West of the Kingdom. This study aims to know the effective
factors in the quantities of rainfall. One of the most important results
is that the distribution of rainfall in the South-West of the Kingdom
is not alike and the relationship between the rainfall and the height
factor differs due to the place of the stations. The stations located
on the Western edge of the Western slope of the mountains receive
heavy rains than other stations.

-- , (1999): The Climate of the Kingdom of the

Saudi Arabia. The effective factors and local effective factors that
influence the air phenomenon such as the geographic, astronomical
and terrestrial location and other external factors such as air blocks
and jet currents have been investigated. The study also investigates
the characteristics of climatic elements and the distribution of climatic
regions in the Kingdom. Moreover, it sheds light on three climatic
regions, the inner plateaus region which contains the inner regions
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July up to the middle of August.

Aziz, Maki (1971): The Rainfall in the Kingdom of Saudi Arabia.
This study investigates the factors that affect the seasonal and annual
distribution of rainfall. It comes out of with the result that the South-
western part of the Kingdom is characterized by a heavier rainfall
compared to the other parts of the Kingdom.

Anthony, M. (1972): Thunderstorms in the South of California.
This study highlights that the basic season in the distribution of
thunderstorms is connected with the frequent rainfall and happens
during the rainy summer as in Arizona. Thunderstorms also occur
because of the expansion and the low that is linked with the seasonal
wind and thunder lighting happened due to the north-eastern tropical
cyclones which move to the west coast of Mexico.

Dastane, (1978): Effective Rainfall in Irrigated Agriculture, an
empirical study in India. The study explains the concepts of the
effectiveness of rainfall and its significance. It also highlights the
most effective factors on rainfall, how to increase the effective rain,
the groundwater and the steps to be followed in irrigating lands.
Gehad Girba, (1982): Joint Work and the Results on the Eastern
Mediterranean Depression and Sudan Depression in the South-
western of the Kingdom Of Saudi Arabia. The study explains that
the joint work between the two depressions is the cause of the early
spring rainfall and the seasonal summer rains in the south —west of
the Kingdom and that the air conditions which cause the rainfall in
Asir Mountains are the same air conditions that allow the winds of
sand in the centre of the kingdom.

Abdul-Aziz Almagams, (1988): Regional Divisions of the Rainfall
Characteristics in the South-western of the Kingdom. The study
explains the effective factors on rainfall and it also identifies the
regional distributions of the characteristics of rainfall in the south-
west of the kingdom. The study comes out with the division of south
—west of the Kingdom into four rainy regions and it recommends the
significance of making empirical agricultural researches between
rainfall and agriculture in the south-west of the Kingdom.

Abdul Malik Essayed, (1994): The Application of Markov’s Module
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Theoretical Framework and Previous studies.
Deserts are places of the world where a combination of conditions
result in an extremely dry and arid biome. A cording to the united states
geological survey, define desert as palace that qualifies as either arid
receives less than 25 cm of rain por year An extremely arid is defined
as an area that regularly as more than 12 consecutive months without
any rain at all.
Geographically the low rainfall amounts deserts experience come from
a combination of climate and geography. Most of the arid climates are
lie south and north of the tropical rain forest of the equator, between 15
and 35 degrees of latitude, in an area where air circulating out of the
equatorial zone warms and absorbs moisture from the land beneath.
Therefor low and unpredictable precipitation is primary characteristic
dry climate as well as desert receive in a few, have rainfalls rather than
many high rains spread out over the course of the year.
Saker (1966) developed a dynamical model for terrain rainfall in the
west of Gator in India, depending on linear equations that helped him
to know the quantity of rainfall in the area. He was considered a model
for many researchers who were interested in the study of rainfall. One
of the prominent researchers is Gregory who used the variation factor
in his study about rainfall fluctuation in Sierra Leone. Many researchers
applied his study on the Arab dry and semi-arid regions. One of them
was Eltom (1966) who conducted a general study on rain fluctuations
in Sudan and he used the standard deviation equation as a percentage
of the average, There are many studies that have been conducted on
rainfall for example:

* Charles, N.(1969).This study is deemed to be one of the first studies
that have been Cond Miss acted on the area of rainfall. It shows
the frequency of thunderstorms in Cape- Canadian and Florida. It is
based on data of thirteen years and it indicates that thunderstorms
could happen unexpectedly during the day and may continue to
seven days. Moreover, the study divides the thunderstorms annual
occurrence into four periods, two of which are characterized by a rise
in the average of thunderstorms. The first period starts from March
to the end of April, while the second period starts in the middle of

£2020 535551 - Jo¥1 sasll detedlly il Slulyal) g3l dlxo

5




35°0'0"E 40°0'0"E 45°0'0"E 50°0'0"E 55"0|'O"E
f I f

Iraq

B L .
ya L Allour Ram>\=

Iran

30°0'0"N
1

Tabuk Gaisumah
. °

Hafr Elbatten

Hi:ll .

Qassim
L]

Al-Ahsa
L]

25°0'0"N
1

Riygdn
Saudi Arabia

Madinah
.

I
h Makkah Taif
«ul .
s ED N
. Al-Baha Wadi D.awasir

20°0'0"N
1

Sudan

b0 100 200 400

5
T i pres. o

Source: revised by author based on data provided by Ministry of MGtGOfOlOgy and
Environmental Protection, Kingdom of Saudi Arabia.

Sources of data_and Methodolog Y.

This study is based on the following Sources of data:

+ Statistical Annual Book during 2002-2017 Ministry of Economy
and Planning.

* Department of Metrology and Environmental Protection in the
Kingdom, Climatic data of rainfall in 27 stations, during the study
time (1985-2017).

* Ministry of Municipal and Rural Affairs, Topographical maps, of
the Kingdom.

Factor Analysis has been applied and it is considered to be one of the

most precise and advanced statistical methods used in the process of

statistical data that helps the researcher in Geography in specifying the
spread of this geographical phenomenon. It aims to classify the seasonal
of rainfall as well as spatial variation of rainfall over Saudi Arabi
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3 Guriat OEGT | 40360 37 16 56E 31 24 27N 503.90
4 Al-Jouf | OESK | 40361 40 05 55E 29 47 19N 668.74
5 Rafha OERF | 40362 43 29 498 29 37 17N 444.10
6 | Gaisumah | OEBA | 40373 46 07 498 28 19 08N 357.60
7 Tabuk OETB | 40375 36 36 25E 28 22 35N 768.11
8 Hafr OEKK | 40377 45 32 00E 27 54 00N 413.0

Elbatten
9 Hail OEHL | 40394 41 41 28E 27 26 04N 1001.52
10 Wejh OEWJ | 40400 36 28 37E 26 12 19N 23.73
1 Qassim | OEGS | 40405 43 46 03E 26 18 28N 646.71
12 | Dhahran | OEDR | 40416 50 09 39E 26 15 34N 16.77
13 | Al-Ahsa | OEAH | 40420 49 29 1E 25 17 53N 178.17
14 | Madinah | OEMA | 40430 39 41 55E 24 32 53N 625.60
15 Riyadh | OERY | 40438 46 44 18E 24 4 40N 619.63
16 Yenbo OEYN | 40439 38 03 50E 24 08 24N 10.40
17 Jeddah OEJN | 41024 39 08 S4E 21 40 4N 3.58
18 | Makkah | OEMK | 41030 39 46 08E 21 26 16N 240.35
19 Taif OETF | 41036 40 32 56E 21 28 44N 1452.75
20 | Al-Baha | OEBA | 41055 41 38 35E 20 17 41N 1651.88
21 D:‘;jﬁir OEWD | 41061 44 40 49E 20 26 30N 701.02
2 Bisha OEBH | 41084 4 37 09E 19 59 28N 1161.97
23 Abha OEAB | 41112 4 39 39E 18 13 59N 2093.35
24 1\1/([":"5‘1':‘;; OEKM | 41114 42 48 23E 18 17 58N 2055.93
25 Najran | OENG | 41128 44 24 49E 17 36 41N 1212.33
26 | Sharorah | OESH | 41136 47 06 29E 17 28 04N 724.65
27 Jazan OEGN | 41140 42 35 05E 16 53 49N 7.24
Figure (1)

Locations of the selected meteorological stations
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Saudi Arabi has an extremely dry climate and water supply deficit, the
spatial and temporal distribution quantity and duration of rainfall in
the arid and semi arid zones of the country are highly variable. The
rainfall in Saudi Arabi is an important as a main major factor source of
water in the country. This factor affects directly and indirectly people’s
activities and living styles causing traffic risks, health conditions, and
citizen’s movements as it decreases their daily activities such as picnics
shopping and visits. Study of Temporal Classification and Spatial
Variation of Rainfall over Saudi Arabia. is there for very important not
only for economy but also for population.

This study is based on the investigation of the rainfall records of 27
stations from the Kingdom stations as shown in (table 1) and (figure.
1). It classifies time and place of rainfall quantity during the seasons of
the year in order to shed light on the most affected regions. This study
is considered to be one of the most significant studies in the area of
tropical climate, because of the problems accounted to this phenomenon
nowadays, and also because of the shortage of studies been conducted
in this area.

Objectives of the Study.

This study aims to highlight following objectives.

= To present the classification of rainfall over Saudi Arabia according.

= Analysis the spatial variation of rainfall over the Saudi Arabia.

* To address some recommendations that may be helpful to understand
the seasonal variation of rainfall as well as the places that witness a
highest quantities of rainfall.

Table (1)

Selected meteorological stations 1N the study area
z =
E_ Station Station Symbol Meridians Latitude £
< =

ICAR | WMO | DEG | MIN SEC | DEG MIN SEC METER

1 Turaif OETR 40356 38 44 22E 31 41 16N 852.44
2 Arar OERR 40357 41 08 26E 30 54 08N 548.88
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-Rainfall in the Kingdom of Saudi Arabia
(Temporal Classification and Spatial Variation)

Associate Professor of Geography

Preparation : Dr. Ayisha Ali Arishi

Jazan University

Abstract

Rainfall is regarded as one of the most important climatic factors.
The kingdom of Saudi Arabia is characterized by Its vastness and diversity
of topographic features, that result not only the variation in seasons of
rainfall, but also in its spatial variation of rainfall.

This study aims to analyze the quantities of rainfall and to show the
time and spatial variations in 27 different meteorological stations
distributed in 13 different regions in the kingdom of Saudi Arabia.
Factor Analysi has been used in this study, in which three main
factors are identified for rainfall. The first factor was connected with
spring and summer, while the second one dealt with winter, and the
third one with autumn.

Regarding spatial variation, Abha and Khamis Mushait stations
were connected with the first factor. Gaysoma Station and Haft-
Albatin were linked with the second factor and Jazan is linked
with the third factor. This study came out with several findings and
recommendation.

The Theoretical Framework of the Study
Introduction.

The Kingdom of Saudi Arabia is located Southwest Asia. It
occupies about four- fifths of the Arabian Peninsula with a land area
of approximately 2000, 000 (km?2). It is located between latitudes
160, 32° North and longitude 34°, 56° East, As the Tropic of cancer
Passes Across it from east to west. This location is one of the most dried
and arid regions in which the rainfall never exceeds 50 ml.
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