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 A B S T R A C T 

Many climate change hotspots around the world are characterized by annual droughts, floods, and 

fires. In September 2023, the city of Derna became a significant hotspot that garnered global attention 

due to severe material and human losses caused by the semi-cyclonic Storm Daniel. This study 

examines the weather factors influencing this storm, including sea level pressure, precipitation, sea 

surface temperature, and wind speed, from the 8th to the 11th of September, with a focus on 

northeastern Libya, where the storm peaked on the 10th. The highest total precipitation recorded in 

Al-Marj was approximately 379.08 mm per day. Notable precipitation anomalies for September 2023 

in northeastern Libya included daily anomalies of 10.91, 14.98, and 9.23 in Benghazi, Al-Marj, and 

Al-Bayda, respectively, with the highest anomaly recorded in Derna at approximately 16.44. 

 2023دراسة تشخيصية للخصائص المناخية والبيئية لعاصفة دانيال في درنة، شرق ليبيا، 

 رضوان على المريمي و   *هيفاء محمد جمعة بن ميلود

 قسم علوم الغلاف الجوي، كلية العلوم، جامعة طرابلس، ليبيا.
 

 الكلمات المفتاحية:   

 التغير المناخي 

 درنة

 لهطول ا

 درجة حرارة سطح البحر 

 عاصفة دانيال. 

 الملخص 

في سبتمبر   السنوية.  بالجفاف والفيضانات والحرائق  المناخي  بالتغير  الساخنة  العالم  العديد من مناطق  تتميز 

المادية والبشرية 2023 العالمي بسبب الخسائر  بارزة اجتذبت الاهتمام  ، أصبحت مدينة درنة منطقة ساخنة 

لدراسة العوامل الجوية التي أثرت على هذه الكبيرة الناجمة عن العاصفة شبه الإعصارية دانيال. تتناول هذه ا

العاصفة، بما في ذلك ضغط مستوى سطح البحر، والهطول، ودرجة حرارة سطح البحر، وسرعة الرياح، في الفترة 

سبتمبر، مع التركيز على شمال شرق ليبيا، حيث بلغت العاصفة ذروتها في العاشر من الشهر. سُجل    11إلى    8من  

ال  لهطول  بحوالي  أعلى مجموع  المرج  في  لشهر   379.08مطار  الهطول  في  الشذوذ  اليوم. شملت حالات  في  ملم 

في بنغازي والمرج والبيضاء    9.23و  14.98و  10.91في شمال شرق ليبيا شذوذات يومية بلغت    2023سبتمبر  

 .16.44على التوالي، مع تسجيل أعلى شذوذ في درنة بحوالي 

 

1. Introduction   

The Mediterranean Sea serves as a case study for dense water 

formation, basin-scale climate functioning, and how a body of water 

responds to environmental changes [1]. In the 20th century, the 

Mediterranean Sea experienced significant and swift transformations. 

In recent decades, there has been an acceleration in both temperature 

and salinity, reflecting the trend toward global warming [2]. As one of 

the most well-known and susceptible "hotspots" of climate change, the 

Mediterranean area reacts quickly to atmospheric changes. 

Consequently, numerous extreme weather events have occurred in the 

region, with more predicted in the future [3]. 

Libya has a Mediterranean climate along the thin coastal strip in the 

north and a desert climate in the interior, with coastal temperatures 

typical of the Mediterranean climate and very low precipitation levels 

[4]. Climate models suggest that extreme precipitation events will 

become more common in an anthropogenically warmed climate [5]. 

Changes in precipitation extremes are critical for human welfare and 

the ecosystem. Increased heavy precipitation can enhance surface 

runoff, leading to more severe floods and mudslides [6]. 

Over the Mediterranean Sea, extra-tropical cyclones undergo a 

tropical transition process, forming "medicanes." These storms, with 
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their warm core, symmetric structure, and concentric convective 

clouds, resemble tropical cyclones [7]. Medicanes cause wind, 

flooding, and surge damages around the Mediterranean region [8]. The 

formation of these cyclones is influenced by the hot conditions on the 

African coast and the Sahara [9]. 

Those of tropical cyclones, which are caused by the intrusion of Arctic 

air over the Mediterranean basin, are tiny and do not only occur in the 

fall. The Channel of Sicily is the preferred location for medicanes to 

form; one of the most recent cyclones, Ianos (2020), has intensified 

quickly and moved northeast of the Gulf of Sirte, where it formed and 

on September 18, 2020, Ianos reached its peak intensity close to 

Greece, bringing with it winds of 120 km/h and heavy rains that 

resulted in flooding and considerable damage to agriculture [10]. 

2. Study objectives 

1. The study aims to analyze data on weather factors during the 

occurrence of Storm Daniel, from its initial impact on the 

Mediterranean Sea to its effects in Libya, particularly in 

eastern Libya. 

2. To explain the anomalies in rainfall amounts in the cities of 

eastern Libya, and the conclusion of the storm with the flood 

that occurred in the city of Derna 

3. Data and Methodology 

The data were downloaded from the Climate Data Store - Copernicus, 

originating from the ECMWF (European Centre for Medium-Range 

Weather Forecasts), with a horizontal resolution of 1° x 1° for the 

region of latitude 30-47N° and longitude -6W° to 37E° [11]. 

4. Analysis and Discussion 

4.1 Mediterranean climate in September 

By analyzing the data for the month of September over the 

Mediterranean Sea, it was revealed that a quasi-cyclonic storm was 

forming over Greece. As shown in Figure 1(b), the average pressure 

at sea level in September reached 1010-1013 mb. The average 

precipitation during September was about 8.340 mm/day, as shown in 

Figure 1(a). Additionally, sea surface temperatures increased from 20-

29C°, as shown in Figure 1©, and wind speeds increased from 8-12 

m/s, as shown in Figure 1(d). 

Through this analysis, the anomaly of this storm in September was 

clarified, as shown in Figure 2. The pressure anomaly at sea level 

reached 4.2 mb, as shown in Figure 2(b). The precipitation anomaly 

was highest in Greece at about 20 mm/day, and in the central 

Mediterranean opposite northeastern Libya, it ranged from 5 to 17.85 

mm/day, as shown in Figure 2(a). The sea temperature anomaly ranged 

between 0.2 to 0.9C°, as shown in Figure 2©, while the wind speed 

anomaly ranged between 2.4 to 5.1 m/s, as shown in Figure 2(d).

 
Fig .1: Monthly average for September 2023 for (a) precipitation, (b) 

sea level pressure, (c) sea surface temperature, (d) wind for the area 

30-47 No, -6Wo-37 Eo. 

 
Fig. 2: Anomalies for September 2023 for (a) precipitation, (b) sea 

level pressure, (c) sea surface temperature, (d) wind for the area  

30-47 No , -6Wo-37 Eo. 

Daily analysis shows the concentration of Storm Daniel. One of the 

reasons for strengthening this storm into a semi- cyclone is the 

difference between temperatures between the land and the sea, as 

shown in Figure (3). It shows the difference between the land 

temperature for the area of northern Libya at lat: 30, 32.9 No , lon: 11 

,24.55 Eo, and the sea temperature. For space lat:  37.76 ,30.10  No 

,lon:10 ,36.2Eo, , for temperatures from day 8 to 11 for every 6 hours, 

where the sea surface temperature reached at 06 hour about 27.47 C0, 

at 12 hour about 27.69 Co, at 18 hour about 27.68 Co, and at 00 hour 

about 27.42 Co. This is considered normal because of the heat capacity 

of the oceans, unlike the land. While on Earth, the temperature gained 

during the day and lost during the night ranges between 21.5-33.5 Co, 

as shown in Figure (3). 

 
Fig.3: Land temperature (Co) for the region  30-32.9 No, 11 -24.55 Eo, 

sea surface temperature (Co) for the region 37.76 -30.10 No, 10 -

36.2Eo for September 2023 for days 8-11 for every six hours. 

On September 8, 2023, Storm Daniel approached the middle of the 

Mediterranean Sea of the Libyan coast, affecting the western are in 

Tripoli and Al-Khoms , as shown in Figure 4. The average pressure at 

sea level reached less than 1005 mb, and the average wind speed was 

high, reaching 20 m/s at the same time, as shown in Figure (5), while 

the average sea surface temperature reached 27.5 Co in Figure (6), the 

total precipitation was about 1000  mm/day in day 8 on the central 

Mediterranean opposite north eastern Libya , as shown in Figure (7). 
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Fig.4: Average daily sea level pressure (mb) from September 8 -11, 

2023. 

While on day 9 the average pressure at sea level, it approaches the 

eastern Libyan coast and reaches 1004 and affects the western side, 

represented by the Gulf of Sirte, See figure (4). The average wind 

speed reaches 24 m/s, centered on Sirte and Misrata, and extending 

from west to east of the country, as shown in Figure (5), and in return 

the average temperature in the sea, is about 27.5, as in Figure (6), and  

increase in precipitation amounts reaching between 313.8 - 502, in the 

middle of the Mediterranean, extending to Sirte, less than the eastern 

region , which became clear with the arrival of the storm, as in Figure 

(7), which is strongly visible on the 10th day over the eastern region, 

and the center of Storm Daniel reaches the average wind speed 

between 15.65 - 28.40, and the amounts of precipitation reach between 

190 - 380, affecting Benghazi, Marj, Al-Bayda, and Derna, as shown 

in Figures (7,9.a) ,and in the table. 1. 

 
Fig. 5 : Average daily wind speed (m/s) from September 8-11, 2023 

Table 1: Sum daily precipitation (mm/day) in September 2023 

City 
Sum  Precipitation on day 

9 

Sum  Precipitation on  day 

10 

Benghazi 244.79 311.56 

Marj 297.16 379.08 

AL 

Bayda 
278.60 318.48 

Darna 243.25 246.47 

 
Fig. 6: Average daily sea surface temperature (Co) from September 

8-11, 2023 

 

 
Fig. 7:Total daily precipitation (mm/day) from September 8-11, 

2023 
After the disaster caused by this storm occurred, it was almost a 

cyclone It resulted the flooding of Wadi Derna, and the talk of the 

world about the hot spot for climate changes above the average. It 

subsided on the 11th day, as shown in the figures, and Egypt was 

affected by the appearance of high waves on the beaches [12].                 

When analyzing the precipitation anomaly for the month of September 

over the Mediterranean region and its surrounding areas, it was found 

that the anomaly in the amount of precipitation over Benghazi was 

2.45, while in Marj it was 1.39, and the highest in Al-Bayda was about 

4.29, and over Derna it was 1.07. See Figure (2, C.9) as well as Table 

2, when calculating the anomaly for days. From 8-15 of September, 

the highest anomalies were found in Benghazi, reaching 4.65, in Marj, 

2.39, in Al-Bayda, about 1.08, and in Derna, 0.89. While on the stormy 

days, specifically from September 9-16, we found the highest 

anomalies in the city of Derna, reaching 16.44, as shown in Table 2 

and the figure (8, 9b) And here the disaster occurred, flooding the 

valley and Libya losing many victims. It affected the Libyans and the 

entire world, and the anomaly began to decrease during the rest of the 

days. See Figure (8). 

-5 0 5 10 15 20 25 30 35

30

32

34

36

38

40

42

44

46

48

19.75

33.5

1005

1007

1009

1011

1013

1015

1017

1019

1021

1
0
0
6

1
0
0
8

1
0
1
0

1
0
1
2

1
0
1
4

1
0
1
6

1
0
1
8

1
0
2
0

 lo
n

 1
9

.7
5

1006

1008

1010

1012

1014

1016

1018

1020
 lat 33.5

 

-5 0 5 10 15 20 25 30 35

30

32

34

36

38

40

42

44

46

48

35

17.64
1004

1006

1009

1011

1014

1016

1018

1021

1023

1
0
0
6

1
0
0
8

1
0
1
0

1
0
1
2

1
0
1
4

1
0
1
6

1
0
1
8

1
0
2
0

1
0
2
2

lo
n

 1
7

.6
4

1006
1008
1010
1012
1014
1016
1018
1020
1022

lon 35

 

-5 0 5 10 15 20 25 30 35

30

32

34

36

38

40

42

44

46

48

21.05

32.46

1004

1006

1008

1011

1013

1015

1018

1020

1022

1
0
0
4

1
0
0
6

1
0
0
8

1
0
1
0

1
0
1
2

1
0
1
4

1
0
1
6

1
0
1
8

1
0
2
0

1
0
2
2

lo
n

 2
1

.0
5

1004
1006
1008
1010
1012
1014
1016
1018
1020
1022

 lat 32.46

 

-5 0 5 10 15 20 25 30 35

30

32

34

36

38

40

42

44

46

48

25.47

33.12

1004

1006

1008

1010

1011

1013

1015

1017

1018

1
0
0
6

1
0
0
8

1
0
1
0

1
0
1
2

1
0
1
4

1
0
1
6

1
0
1
8

lo
n

 2
5

.4
7

1006

1008

1010

1012

1014

1016

1018

 lat 33.12

 

-5 0 5 10 15 20 25 30 35

30

32

34

36

38

40

42

44

46

48

33.5

17.85

3.600

6.163

8.725

11.29

13.85

16.41

18.98

21.54

24.10

4 6 8 1
0

1
2

1
4

1
6

1
8

2
0

2
2

2
4

lo
n
 1

7
.8

5

4
6
8
10
12
14
16
18
20
22
24

 lat 33,5

 

-5 0 5 10 15 20 25 30 35

30

32

34

36

38

40

42

44

46

48

17.64

35

3.650

5.869

8.088

10.31

12.53

14.74

16.96

19.18

21.40

4 6 8 1
0

1
2

1
4

1
6

1
8

2
0

 lo
n
 1

7
.6

4

4
6
8
10
12
14
16
18
20

lat 35

 

-5 0 5 10 15 20 25 30 35

30

32

34

36

38

40

42

44

46

48

21.05

2.900

6.088

9.275

12.46

15.65

18.84

22.03

25.21

28.40

32.46

4 6 8 1
0

1
2

1
4

1
6

1
8

2
0

2
2

2
4

2
6

2
8

 lo
n
 2

1
.0

5

4
6
8
10
12
14
16
18
20
22
24
26
28

lat 32.46

 

-5 0 5 10 15 20 25 30 35

30

32

34

36

38

40

42

44

46

48

33.12

21.82

3.500

5.950

8.400

10.85

13.30

15.75

18.20

20.65

23.10

4 6 8 1
0

1
2

1
4

1
6

1
8

2
0

2
2

lo
n

 2
1

.8
2

4
6
8
10
12
14
16
18
20
22

 lat 33.12

 

-5 0 5 10 15 20 25 30 35

30

32

34

36

38

40

42

44

46

48

33.12

25.47

19.00

20.41

21.83

23.24

24.65

26.06

27.48

28.89

30.30

2
2

2
4

2
6

2
8

3
0

lo
n

 2
5

.4
7

24

26

28

30
 lat 33.12

 

-5 0 5 10 15 20 25 30 35

30

32

34

36

38

40

42

44

46

48

32.97

18.29

19.05

20.45

21.85

23.25

24.65

26.05

27.45

28.85

30.25

2
2

2
4

2
6

2
8

3
0

lo
n

 1
8

.2
9

24

26

28

30

32

 lat32.97

 

-5 0 5 10 15 20 25 30 35

30

32

34

36

38

40

42

44

46

48

33.5

18.69

18.95

20.38

21.80

23.23

24.65

26.08

27.50

28.93

30.35

2
2

2
4

2
6

2
8

3
0

 lo
n

 1
8

.6
9

26

28

30

 lat 33.5

 

-5 0 5 10 15 20 25 30 35

30

32

34

36

38

40

42

44

46

48

33.63

21.05

18.80

20.24

21.68

23.11

24.55

25.99

27.43

28.86

30.30

2
4

2
6

2
8

3
0

 lo
n

 2
1

.0
5

24

26

28

30

 lat 33.63

 

-5 0 5 10 15 20 25 30 35

30

32

34

36

38

40

42

44

46

48

31.98

33.5

19.7522.54
0.000

62.75

125.5

188.3

251.0

313.8

376.5

439.3

502.0

0 1
0
0

2
0
0

3
0
0

4
0
0

5
0
0

 lo
n

 2
2

.5
4

 lo
n

 1
9

,7
5

0

100

200

300

400

500
 lat 33.5  lat31.98

 

-5 0 5 10 15 20 25 30 35

30

32

34

36

38

40

42

44

46

48

0.000

125.6

251.3

376.9

502.5

628.1

753.8

879.4

1005

17.64

35

0 2
0
0

4
0
0

6
0
0

8
0
0

1
0
0
0

 lo
n

 1
7

.6
4

0

200

400

600

800

1000
 lat35

 

-5 0 5 10 15 20 25 30 35

30

32

34

36

38

40

42

44

46

48

0.000

47.50

95.00

142.5

190.0

237.5

285.0

332.5

380.0

21.05

32.46

0 5
0

1
0
0

1
5
0

2
0
0

2
5
0

3
0
0

3
5
0

4
0
0

 lo
n

 2
1

.0
5

0

50

100

150

200

250

300

350
 lat 32.46

 

-5 0 5 10 15 20 25 30 35

30

32

34

36

38

40

42

44

46

48

25.47

33.12

0.000

29.75

59.50

89.25

119.0

148.8

178.5

208.3

238.0

0 5
0

1
0
0

1
5
0

2
0
0

 lo
n

 2
5

.4
7

0

50

100

150

200 lat 33.12

 



A Diagnostic Study of Storm Daniel's Meteorological and Environmental Characteristics in Derna, Eastern Libya           Ben Miloud & Elmaremi 

JOPAS Vol.23 No.  2 2024                                                                                                                                                                         43  

Table .2: Daily and monthly precipitation anomalies (mm/day) in 

September 2023. 

City Anomaly  

Precipitation on  

8/9/2023 06:00-

15/9/2023 06:00 

Anomaly  

Precipitation on 

9/9/2023 06:00-

16/9/2023 06:00 

Anomaly  

Precipitation  

in September 

Benghazi 4.65 10.91 2.45 

Marj 2.39 14.98 1.38 

AL Bayda 1.08 9.23 4.29 
Darna 0.89 16.44 1.07 

 

 
Fig 8: Daily precipitation anomalies (mm/day) for September 2023. 

 
Fig. 9: Precipitation (mm/day) for September 2023 for four cities of 

Benghazi, Marj, Al-Bayda, and Derna. (a) Total precipitation, (b) 

Daily precipitation anomaly, (c) Precipitation anomaly. 

5. Conclusion  

Tropical cyclone activity typically occurs in the fall due to ocean 

heating [13]. This warming has extended to the Mediterranean Sea, 

leading to significant changes in its features in recent years. This was 

evident in the Daniel storm, which affected Greece and then Libya, 

particularly in the northeast. Data analysis showed that the average sea 

level pressure centered in the middle of the Mediterranean extended to 

the Libyan coast. The total precipitation reached 1000 mm/day in the 

middle of the Mediterranean, with wind speeds around 20 m/s and sea 

surface temperatures at 27.5°C. 

On September 8th, the storm was centered in the middle of the 

Mediterranean. By September 9th, it extended towards eastern Libya, 

with precipitation amounts reaching approximately 297.16 mm/day in 

Marj, 278.60 mm/day in Al-Bayda, 244.79 mm/day in Benghazi, and 

243.25 mm/day in Derna. On September 10th, the storm’s intensity 

increased in eastern Libya, with rainfall amounts reaching 311.56 

mm/day in Benghazi, 379.08 mm/day in Marj, 318.48 mm/day in Al-

Bayda, and 246.47 mm/day in Derna. 

The precipitation anomaly for September was significant in the eastern 

part of the country, reaching 4.29 in Al-Bayda and 1.07 in Derna. For 

a more accurate calculation, the anomaly from September 8-15 in 

Benghazi was 4.65, indicating the storm’s approach. From September 

9-16, Derna became a global hotspot with a precipitation anomaly of 

around 16.44. This marked the beginning of the valley dam’s collapse, 

leading to severe flooding and significant loss of human lives. 

Author Contribution: The author was responsible for writing the 

research paper and analyzing the data. 

Funding: This research received no financial support. 

Data Availability Statement: The climatic data used in this research 

paper were obtained from Copernicus Climate Data Store. 

Acknowledgments: Special thanks and appreciation to the 

anonymous reviewers for their helpful comments and revisions. We 

also extend our gratitude to the Copernicus services for providing 

high-quality data that enabled us to cover the event comprehensively. 

6. References 

[1]- Bethoux .J.P, Gentili .B, Morin .P, Nicolas. E, Pierre. C,  Ruiz-

Pino. D, the Mediterranean Sea: a miniature ocean for climatic 

and environmental studies and a key for the climatic functioning 

of the North Atlantic. Journal Progress in Oceanography 1999, 

44(1-3), 131-146. https://doi.org/10.1016/S0079-

6611(99)00023-3. 

[2]- [2] Iona .A, Theodorou .A, Sofianos .S, Watelet .S, Troupin .C, 

Beckers J. M, Mediterranean Sea climatic indices: monitoring 

long-term variability and climate changes 2018. Journal Article, 

10(4), 1829–1842. https://doi.org/10.5194/essd-10-1829-2018. 

[3]- Haifa. M., Abdalla. A.M, Impact of carbon dioxide (CO2) on 

Mediterranean temperature using CMIP5 climate model 2021, 

Solar Energy And Sustainable Development, 10(2), 1-12. 

https://doi: 10.51646/jsesd.v10i2.116. 

[4]- Haifa .M, The Effect of teleconnection on the Temperature and 

Precipitation over the Mediterranean and the northern part of 

Libya 2019. Middle East Journal of Applied Sciences, 9(2),  267-

273. 

[5]- Richard. P,   Brian J. S, Atmospheric Warming and the 

Amplification of Precipitation Extremes2008. Journal Science, 

321, 1481-1484. https://doi: 10.1126/science.1160787. 

[6]- Chein.J Shiu, Shaw C. L., Congbin .F, Aiguo. D, Ying S, How 

much do precipitation extremes change in a warming climate? 

2012. Journal Geophysical Research Letters(AGU), 39(17), 1-5. 

https://doi.org/10.1029/2012GL052762. 

[7]- Juan J. González.A, Salvatore. P, .F, Hiroyuki. M, Miguel A. 

G, Gabriel A. V, Potential Increase in Hazard From 

Mediterranean Hurricane Activity With Global Warming 2019. 
Journal Geophysical Research Letters(AGU),             46(3), 1754-

1764. https://doi.org/10.1029/2018GL081253.                                   

[8]- Laura A. Bakkensen, Mediterranean Hurricanes and Associated 

Damage Estimates 2017. Journal of Extreme Events, 4(2). 

https://doi.org/10.1142/S2345737617500087 .                                                                                                         

[9]- Daniele Bianchino, private communications and website: 

http://medicanes.altervista.org. 

[10]- Davide Faranda (LSCE-IPSL, CNRS, France), Erika Coppola 

(ICTP, Italy). The "Medicanes" (Tropical cyclones are typical for 

autumn and interesting. https://xaida.eu/medicanes-and-climate-

change. 

[11]-  https://cds.climate.copernicus.eu. 

[12]-  https://english.ahram.org.eg. 

[13]-  Haifa.M, Zaher. Al.A, Seasonal Correlation Between the 

Atlantic Multiple Oscillation (AMO) and Mediterranean 

Temperature 2023 . Solar Energy and Sustainable Development, 

12 (2) , 38-46 .  https://doi.org/10.51646/jsesd.v12i2.159. 

 

-5 0 5 10 15 20 25 30 35

30

32

34

36

38

40

42

44

46

48

lon (deg)

la
t 
(
d

e
g

)

0.000

4.750

9.500

14.25

19.00

23.75

28.50

33.25

38.00

-5 0 5 10 15 20 25 30 35

30

32

34

36

38

40

42

44

46

48

lon (deg)

la
t 
(
d

e
g

)

0.000

2.863

5.725

8.588

11.45

14.31

17.18

20.04

22.90

-5 0 5 10 15 20 25 30 35

30

32

34

36

38

40

42

44

46

48

lon (deg)

la
t 
(
d

e
g

)

0.000

2.738

5.475

8.213

10.95

13.69

16.43

19.16

21.90

-5 0 5 10 15 20 25 30 35

30

32

34

36

38

40

42

44

46

48

lon (deg)

la
t 
(
d

e
g

)

0.000

3.625

7.250

10.88

14.50

18.13

21.75

25.38

29.00

Benghazi Marj AL Bayda Darna 

0

1

2

3

4

5

A
n

o
m

a
ly

 P
re

c
ip

it
a
ti
o

n

 month 9

Benghazi Marj AL Bayda Darna 

0

2

4

6

8

10

12

14

16

18

A
n

o
m

a
ly

 P
re

c
ip

it
a
ti
o

n

 8/9/2023 06:00-15/9/2023 06:00

 9/9/2023 06:00-16/9/2023 06:00

Benghazi Marj AL Bayda Darna 

0

50

100

150

200

250

300

350

400

P
re

c
ip

it
a

ti
o
n

 9 day

 10 day

https://doi.org/10.1016/S0079-6611(99)00023-3
https://doi.org/10.1016/S0079-6611(99)00023-3
https://www.science.org/doi/10.1126/science.1160787#con1
https://www.science.org/doi/10.1126/science.1160787#con2
https://agupubs.onlinelibrary.wiley.com/authored-by/Shiu/Chein%E2%80%90Jung
https://agupubs.onlinelibrary.wiley.com/authored-by/Liu/Shaw+Chen
https://agupubs.onlinelibrary.wiley.com/authored-by/Fu/Congbin
https://agupubs.onlinelibrary.wiley.com/authored-by/Dai/Aiguo
https://agupubs.onlinelibrary.wiley.com/authored-by/Sun/Ying
https://agupubs.onlinelibrary.wiley.com/authored-by/Gonz%C3%A1lez%E2%80%90Alem%C3%A1n/Juan+J.
https://agupubs.onlinelibrary.wiley.com/authored-by/Pascale/Salvatore
https://agupubs.onlinelibrary.wiley.com/authored-by/Gutierrez%E2%80%90Fernandez/Jes%C3%BAs
https://agupubs.onlinelibrary.wiley.com/authored-by/Murakami/Hiroyuki
https://agupubs.onlinelibrary.wiley.com/authored-by/Gaertner/Miguel+A.
https://agupubs.onlinelibrary.wiley.com/authored-by/Gaertner/Miguel+A.
https://agupubs.onlinelibrary.wiley.com/authored-by/Vecchi/Gabriel+A.
https://cds.climate.copernicus.eu/
https://english.ahram.org.eg/
https://doi.org/10.51646/jsesd.v12i2.159

