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Abstract

Climate change refers to weather changes that occur through time, either naturally or as a result of human activity. Climate 
change is now a worldwide issue, and Sudan is one of the developing countries that have suffered as a result of it. Sudan's 
economy is mostly based on agricultural, with Khartoum State playing a significant part in the country's economy. There are 
various important food crops grown in Khartoum, including wheat and sorghum. It is also known for the production of citrus 
fruits, particularly lemon, as well as onions, potatoes, beans, tomatoes, vegetables, fodder, and other crops. The results of this 
study showed that the annual highest maximum temperature was 40.8 °C in May and the lowest was in January 30 °C, while 
the minimum temperature ranged from 15.4 °C in January to 27.1 °C in June. For average temperature the highest degree was 
34.3 °C in May and lowest was 22.7 °C in January. As for the precipitation, the highest was in August, reaching 27 mm, while 
the lowest was 3 mm in May, during the rainy months, which are between May and October only. As for the rainy days in the 
rainy months during the year, the highest value was 4 mm during July and August, while lowest was 1 mm in May, June and 
October, while it was 2 mm in the month of September. The highest humidity was 47% in August and the lowest was 12% in 
April. While for sunny days, the highest daylight hours were in June, when it was 11.7 hours, and the lowest hours were at 
10.1 hours, and it was recorded in December. In this article, we specifically discussed how these climatic factors might impact 
the growth of important food crops in Khartoum. Climate change in Khartoum foretold that temperatures would rise to their 
highest point in the future, having a negative impact on agricultural crops. Due to low rainfall, drought stress on crops is 
also anticipated. The remedies to this issue are represented by integrated natural resource management and development, 
agricultural improvement and development, and the cultivation of species resistant to the impacts of climate change.
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Introduction

Global climate change, the industrial revolution of the 
then mankind atmosphere to release the carbon dioxide, 
methane, ozone and nitrogen oxides as gases are very 
quickly heat the earth by the greenhouse effect that occurred 
as a result of the increase is a result of an increase above 
normal [1]. Increasing world population, changing climate 
conditions and economic activities are growing with each 
passing day makes it more important than water [2].

Climate change will increase food security problems 
facing many countries, According to the Intergovernmental 
Panel on Climate Change’s [3] most current assessment 
report, the global near-surface temperature has risen by 
around 1.1 °C since the late 19th century (1850–1900), 
nearly entirely as a result of human activity. Compared to the 
rate of increase in world average temperature, this increment 
is anticipated to be larger in the arid regions of the African 
continent [4]. Particularly in semi-arid and dry regions of 
Africa, it is argued that the effect of rising temperature mixed 
with unpredictable rainfall and a lack of water for irrigation 
will have a markedly negative influence on crop productivity 
[5]. As a result, this poses a challenge to the food and nutrition 
security situation in agro-based economies, which is the 
primary source of income for resource-poor communities, 
particularly in sub-Saharan Africa, where millions of people 
depend on agriculture for their subsistence [6]. Additionally, 
meteorological variables such as air pollutants and climate 
elements interact each other in atmosphere. An increase 
in some natural and anthropogenic air pollution sources 
such as population density, traffic jam, industrial activities, 
fossil fuel consumption, power plants can deteriorate urban 
climate and lead to climate change in urban areas [7&8].

World has been threatened by climate change under 
the effect of increased carbon emission and greenhouse 
gas. Carbon is one of the basic elements of life and shows 
search without being fixed. The amount of CO2 reduces the 
protective use of the bard layer. With this effect, it causes 
irregular precipitation and excessive temperature increases 
[9]. Population growth rate along with the climate change 
phenomenon will cause lots of problems for worldwide food 
supply and we will face numerous nutritional problems in the 
near future. By gradually reaching to the 8 billion population 
on the earth, the mankind is really in challenge to provide the 
growing population food needs [10].

Among the effects of climate change the agricultural 
output of both rainfed and irrigated crops are impacted 
by rising temperatures and shifting rainfall patterns. 
Increased agricultural production losses are anticipated to 
have a severe impact on rural incomes and food security in 
countries like Sudan that are already under water stress. A 

decline in precipitation will change hydropower production, 
and the increase in frequency and magnitude of floods and 
droughts would significantly increase the need for public 
investment in physical infrastructure [11]. Previous research 
has demonstrated that the semi-arid regions of Africa are 
particularly vulnerable to the effects of a changing climate 
[12]. 

In semi-arid environments, the main climatic 
consequences include rising temperature, shifting in dates of 
the beginning and end of the rainy seasons, prolonged and 
frequent dry spells, and changes in the length of the cropping 
season. Consequently, it has been claimed that the occurrence 
of extreme climate events, such as floods and droughts, has 
an impact on crop output in semi-arid regions [13]. For the 
previous five years, as well as in 2022, flooding in the states 
of Gezira, Khartoum, and the River Nile has been a worry in 
many parts of Sudan.

Around half of the population works in agriculture 
in Sudan, making it a significant economic sector that 
contributes about one-third of the nation’s GDP [14]. 
According to sources, the Sudan has experienced variations 
in rainfall, a rise in temperature, an increase in the frequency 
of floods, and recurring droughts, all of which have had a 
substantial impact on agricultural production [11].

Khartoum, the capital city of the Sudan, is situated in 
the east-central region of the country. Rich water supplies 
from the Blue Nile, White Nile, Nile, seasonal streams, and 
groundwater are available to it. People have been moving 
back to Khartoum for several decades due to greater work 
prospects, more stable livelihoods, better educational 
chances, and to flee violent conflicts and drought [15,16]. The 
country’s population increased by 2.8% each year between 
1993 and 2008, and as of late, urban populations made up 
29.5% of the overall population, with 13.5% of them residing 
in the capital [17].

Intensive farming is being done in the accessible 
regions to meet the huge and rising demand for food. Urban 
agriculture has become economically appealing not only on 
Tuti Island and along the banks of the Nile, but also on the 
mainland within and around the metropolitan area due to 
the rising food demand of the expanding city and the limited 
opportunities for crop production in the arid environment 
of Khartoum’s surroundings. However, the city’s rapid 
growth has also put more strain on agricultural areas and 
caused arable land to be converted to building ground 
[18]. Urban agriculture is now more widely acknowledged 
as a significant factor in the food and nutrition security of 
urban residents throughout the developing world [19]. This 
contribution becomes even more significant in light of recent 
food shortages, especially for nations in Sub-Saharan Africa 
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[20]. Along with onions, potatoes, beans, vegetables, fodder, 
and other products, Khartoum is renowned for the growing 
of citrus fruits, particularly lemons.

In Sudan generally, and specifically in the Khartoum 
region, there is a lack of scientifically based evidence and 
assessments of how the climate affects crop productivity. In 
order to develop adaptation measures to lessen these effects, 
we performed this study to ascertain the effects of climate 
change on agriculture in the state of Khartoum. Fundamental 
to risk assessment is the identification of any connections 
between climatic variables and crop yield. Additionally, the 

results of this study can help policymakers and extension 
workers plan and scale up adaptation techniques to lessen 
the negative effects of climate change.

Material and Method

The Study Area

This study was conducted in the Khartoum state which 
located in the southern margin of the desert, lies between 
longitudes 31.5 to 34 °E and latitudes 15 to 16 °N (Figure 1).

 

Figure1: The Location of Research Area in Sudan.

The area of Khartoum State is about 20.726 km2, 
equivalent to 4.9 million acres, and it is the smallest state 
in Sudan.it is the most populous Mahmoud, et al. [21]. 
Khartoum settled in central Sudan at the junction of the 
headstream Rivers (Blue Nile, White Nile and river Nile), 
Where located at the confluence of the White and Blue Nile, 
where is agricultural activities are mainly concentrated along 
the banks of the Nile River. It is bordered to the north and 
the east side by the River Nile State, to North Western by the 
Northern State, and to the east and south - eastern by states 
of Kassala, Gedaref and Gezira. The largest cities in Khartoum 
state include Khartoum, Omdurman and Khartoum North. 

The weather is hot dry in summer and cold dry in winter. 
The average annual rainfall ranges between 150 mm and 
250 mm. Urban and intensive agriculture are well-known 

in Khartoum State. In order to provide the enormous and 
expanding demand for food, intensive farming is conducted in 
conveniently accessible locations. In Khartoum, fast-growing 
green crops predominate, but they also give gardeners a 
quick revenue flow. Urban farmers may be better able to 
contribute to the city’s overall food supply by increasing 
their crop variety and coping with the market’s strong price 
swings. Khartoum is well known for growing citrus fruits, 
particularly lemons, in addition to onions, potatoes, beans, 
vegetables and other items.

Methodology

In this study, linear regression method was calculated 
for the analysis of climate data the standard deviation of 
the climatic data was also calculated. The Linear Regression 
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Model is the most commonly used kind of regression in 
applications and is one of the oldest and most researched 
subjects in statistics. Regression analysis is a method for 
describing quantitative connections between one or more 
explanatory factors and a response variable [7,22,23,24].

Research Findings

In this study, the long-term minimum, maximum and 
average temperatures (°C), precipitation (mm), humidity 
(%), rainy days and sunny hours data of Khartoum state in 
Sudan were analyzed. The variation graph of the minimum 
temperature data is shown in Figure 2.

 

Figure 2: The changes of Min. Temperature in Long Period.

The minimum temperature ranged from 15.4°C in 
January to 27.1°C in June. R2 for Minimum temperature is 
0.0769 which mean actual values are not closer to predicted 

values. The variation graph of the max temperature data is 
shown in Figure 3.

Figure 3: The changes of Max Temperature in Long Period.

The annual highest maximum temperature was 40.8°C in 
May while the lowest maximum temperature was in January 
30°C. The maximum temperature’s R2 is 0.0769, which 

indicates that actual measurements and predictions are 
not very closely related. The variation graph of the average 
temperature data is shown in Figure 4.
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Figure 4: The changes of Average Temperature in Long Period

For average temperature the highest degree was 
34.3°C in May and lowest was 22.7°C in January. While R2 is 
0.033, this indicates that real values are not much closer to 

projected values. The Change graph of Precipitation data is 
shown in Figure 5.

Figure 5: The changes of Precipitation in Long Period.

Figure 6: The changes of Rainy Days in Long Period.
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As for the precipitation, the highest was in August, 
reaching 27 mm, while the lowest was 3 mm in May, during 
the rainy months, which are between May and October only. 
R2 is 0.0552, which indicates that actual values are not much 
closer to anticipated values. The Change graph of Rainy days 
is shown in Figure 6.

The rainy days in the rainy months during the year, the 
highest value was 4 mm during July and August, while lowest 
was 1 mm in May, June and October, while it was 2 mm in the 
month of September. R2 is 0.059, which indicates that actual 
values are not much closer to predictions. The change graph 
of humudity is shown in Figure 7.

 

Figure 7: The changes of Humidity (%) in Long Period.

The highest humidity was 47% in August and the lowest 
was 12% in April. R2 was 0.2382, indicating that actual 
values are not substantially closer to expectations, although 

humidity had better R2 ratios than the other factors. The 
variation graph of the sunny days are shown in Figure 8.

Figure 8: The changes of Sunny Days in Long Period.

 For sunny days, the highest daylight hours were in June, 
when it was 11.7 hours, and the lowest hours were at 10.1 
hours, and it was recorded in December. R2 is 0.0254 for 
sunny days, which also indicates that actual values are not 

much closer to predictions. Annual average and total values 
of some climate data and their associated R2 and standard 
deviations are summarized in Table 1.
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Climate Parameters Data R2 Standard Deviation
Min. Temperature (°C) 22.73 0,0769 4.3315
Max. Temperature (°C) 36.44 0,0075 3.5464

Average Temperature (°C) 29.87 0,033 4.0684
Precipitation (mm) (Total) 70.00 0,0552 9.3404

Rainy Days (Total) 13 0,059 1.5050
Humidity (%) 25.17 0,2382 10.6415

Sunny Hours (hour) 10.88 0,0254 0.5540

Table 1: The average or Total values, R2 and Standard deviation of Some Climate Data in Capital City (Khartoum) in Sudan.

When we see on standard deviation average 
temperature and minimum temperature have almost same 
value of standard deviation but has low value as compared 
to Precipitation and Humidity. Rainy days and sunny hours 
has lower values as compared to all other variables which 
means these variables has very less variability in all months 
of whole year whether Precipitation varied so much because 
it has highest value of standard deviation. Values of all 
climatic variables data also explained by making linear 
regression analysis between months and climatic change 
variables individually. Where R2 values shows that whether 
these climatic variables are closer to predicted values of 
regression line or not. After observing R2 we found that all 
of these variable actual values are not closer to predicted 
values. humidity has higher R2 value followed by average 
temperature, Min. temperature, rainy days, Precipitation, 
sunny days and Max temperature. Which indicates that 
only humidity real values are somewhat closer to expected 
values? This leads to the conclusion that climate change has 
a significant impact on the actual values of climatic variables.

Discussion

The increase in the impact of global climate change will 
cause global water crises between countries. Necessary 
measures and measures should be taken in advance to reduce 
the impact of global climate change [25]. Excessive increase 
and decrease of temperatures negatively affect the life of 
living things. It will be difficult to find clean water in the future 
as the increase of temperatures will increase the evaporation 
level. Increasing or falling temperatures will cause climate 
change [26]. As a result of the effect of global climate change, 
an increasing trend is observed in temperatures. Rainfall, 
on the other hand, is gradually decreasing and endangering 
habitats. In order to minimize the effects of global warming, 
it is necessary to take measures to prevent the greenhouse 
effect and global warming. Reducing carbon dioxide in the air 
may be a solution [27].

Subsistence agriculture employs around 60% of 
Sudanese; it is an important economic sector as a significant 

supplier of raw resources, food, and foreign exchange. 
Agriculture, in particular, has suffered as a result of neglect 
since the onset of oil production in the early 2000s. 
Furthermore, Sudan’s agricultural growth has been uneven, 
with the majority of irrigated agriculture concentrated in the 
center Khartoum and Gezira state [28]. 

Apple, banana, citrus, dates, grapes, guava, mango, 
pineapple, strawberries, sweet tomato, oranges, and 
watermelon are among the chemical-free fruits and 
vegetables that Sudan produces. Other fruits and vegetables 
include cucumber, eggplant, okra, onion, potato, pumpkins, 
and tomato. In 2015, 3,993,000 tons of fruits and 3,650,000 
tons of vegetables were produced. Estimates show that the 
area under cultivation for horticulture increased from about 
409,000 ha in 2012 to 899,000 ha in 2016, but the proportion 
of that area under cultivation for horticulture decreased 
from 4.5 percent to 2.9 percent between those years due 
to significant increases in the total area under cultivation. 
However, it is challenging to find accurate information on 
the area and output of horticultural agriculture [29]. The 
economic impact of horticulture is unknown since it receives 
less attention than cash crops like cotton and groundnuts and 
staple cereals like maize and wheat. The state of Khartoum is 
famed for its fruit and vegetable production. The contribution 
of agriculture to Sudan’s gross domestic product is presented 
graphically in Figure 9.

Figure 9: The contribution of agriculture to Gross Domestic 
Product (GDP) in Sudan [30].
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The Khartoum State generates 40% of the vegetables 
grown in Sudan’s states, and it also grows well-known 
export commodities including melons, green beans, okra, 
and peppers. But recently, the state has shifted its focus to 
the production of fodder. While having a vast landmass, the 
state of Khartoum has only been able to cultivate a relatively 
small portion of it, fewer than 500,000 acres, of which only 
350,000 acres are really under cultivation. The state of 
Khartoum is only able to care for a small portion of its land 
due to the numerous issues with irrigation infrastructure 
that plague agriculture in the region. The major issue is the 
underutilization of fertile land, and agricultural initiatives 
also need a lot of money. In fact, the state cultivates 52% 
fodder [31]. 

Figure 9, show the contribution of agriculture to Sudan 
gross domestic product, which illustrates the varying level of 
agriculture’s contribution to the GDP and reflects the recent 
decline in agricultural output and productivity [30].

Elagib [32] observed an increase in temperature in 
Sudan between 1941 and 2005, with warming rates of 0.424, 
0.357 and 0.451°C per decade for the summer, winter, and fall 
seasons, respectively. However, it has been suggested that a 
2.6°C increase in mean temperature could be predicted in the 
research region by 2070, which might have a major impact 
on agricultural productivity. These findings are consistent 
with those of Osman, et al. [6], who observed that the annual 
maximum temperature increased by 0.03°C per year between 
the years 1984 and 2018, while the minimum temperature 
increased by 0.05°C per year, leading to a narrow range in 
diurnal temperature. In contrast, annual rainfall fluctuated 
with no evidence of a significant (p > 0.05) increasing or 
decreasing trend. which revealed that years with a rainfall 
deficit linked to the incidence of droughts in Sudan [33]. 
The high rate of temperature is regarded as one of the key 
environmental pressures limiting tomato production in the 
summer under dry circumstances [34].

Overall, it is obvious that the mean annual temperature 
between 1984 and 2018 was defined by decadal fluctuation, 
as opposed to the annual rainfall series, which is 
characterized by year-to-year variability. The results revealed 
that increasing the length of the rainy season enhanced 
sorghum and sunflower output considerably. These findings 
are consistent with those of Murenzi, who discovered a 
positive link between the length of the rainy season and 
maize productivity in Rwanda [6,35]. Osman, et al. [6] 
highlight that: Between 1970 and 2018, the yearly output of 
sorghum had declined dramatically, whereas sunflower yield 
had increased. Temperature factors exhibited a negative 
connection with crop output across the board, however an 
increase in rainfall enhanced sorghum and sunflower yield 
considerably. Furthermore, the lengthening of the wet season 

enhanced sorghum and sunflower output greatly. Crop yields 
were very variable, with over 50% variability in sorghum (R2 
= 0.70 and cross-validated R2 = 0.69) and sunflower (R2 = 0.64 
and cross-validated R2 = 0.62), which might be attributed to 
climate factors.

Mean annual precipitation in Khartoum is with 164 
mm very low and mostly restricted to the months of July, 
August and September, when evapotranspiration is highest. 
Virtually no precipitation occurs between October and 
March [36]. There was a substantial positive relationship in 
Sudan between rainfall features such as total monthly and 
yearly depths, as well as the annual number of rain days, and 
national agricultural production [37]. 

Climate change puts food production and water supply at 
risk, with major social and economic consequences. Daytime 
warming has a substantial impact on evapotranspiration, soil 
moisture, plant growth, and other ecological and agricultural 
issues, particularly in a nation that is heavily reliant on 
agriculture, such as Sudan. Lockwood [38], because of 
climate change, established commercial kinds of fruits and 
vegetables will perform badly in an unexpected manner. 
Commercial production of horticultural plants, particularly 
those cultivated in open fields, would be severely impacted. 
The physiological problem of horticulture crops will be more 
severe as a result of the high temperature [39]. 

Forage output will be substantially impacted due to huge 
swings in rainfall distribution during the growing season in 
numerous places across the world. Because agriculture is 
the major user of freshwater resources, diminishing water 
supplies will have a negative impact on forage crop output. 
Climate change has the potential to affect the amount and 
dependability of forage production, forage quality, water 
requirements for forage crop cultivation, and large-scale 
rangeland vegetation patterns. The main production of feed 
crops and rangelands will be the most evident consequence 
of climate change. Developing nations are more sensitive 
to climate change than industrialized countries because 
agriculture dominates their economy and their baseline 
climates are warmer, in addition to their limited resources 
to adapt to modern technology [40]. Climate projections for 
feed crops suggest that there will be potential for enhanced 
production as well as significant risks to agricultural output 
in various regions of the world during the next 20 to 50 years 
[41].

Conclusion and Recommendations

Khartoum State’s climate is becoming warmer, 
particularly during the dry season evenings, hot season, and 
wet season. As a result, average yearly temperatures have 
risen. In particular, there has been more heating of the air 
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as indicated by the maximum and mean temperature during 
the rainy season than during the hot season, implying a true 
warming of the wet season as a result of the dry conditions 
that have plagued the country in recent decades. This might 
be because of increased radiative heat uptake at the surface 
during this time period. This study has revealed that climatic 
influences such as sunlight might be partly responsible for 
the observed variations in diurnal temperature, however the 
connections between sunshine and the other temperature 
variables are somewhat inconsistent and/or weak. The wet-
season patterns, in particular, support the assumption that 
rainfall has the greatest influence on temperature regimes in 
Sudan.

Climate change has become present. The solutions to 
address this phenomenon are represented in the integrated 
management and development of natural resources, the 
improvement and development of agriculture and its 
management, the improvement of pastures, the maximum 
use of water, diversification of the composition of crops, and 
the cultivation of species that resist the effects of climate 
change. In addition hand, these data may be utilized to inform 
policymakers and other stakeholders about how agricultural 
output is impacted by climatic changes.
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