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This paper intends to identify and statistically analyze monthly changes in the lethal
temperature above 50 degrees Celsius (TU50c) in the Northern Hemisphere. For this
purpose, the reanalyzed data related to the maximum temperature up to two meters
of the earth's surface was used during the period of 73 years from 1948 to 2020, and
after adjustment, analyzed on a monthly basis. Descriptive statistics analysis
methods, linear trend analysis and non-parametric Mann-Kendall test are used for
evaluating the frequency of such occurrences. During the 73-year study period, 9553
days with minimum temperature of 50 degrees Celsius were identified and their
coordinates were extracted. Examining the daily frequency of TU50c in the Northern
Hemisphere showed that the months of May and January have had the highest
frequency, respectively. Also, the highest increasing trend in the number of fatal
temperatures was observed in the months of March, April, July and August. In terms
of location, the region that could record the highest frequency and the most intense
TUS50c was related to Africa especially Sudan, West Asia (between lIraq, Southwest
of Iran, Kuwait and Saudi Arabia) and India in the Indian subcontinent. Moreover,
these temperatures are not rare in America either; but TU50c has not been reported
in Europe and East Asia. The highest and most intense temperatures occurred in the
fifth decade, between 1988 and 1998.
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Extended Abstract
Introduction
lobal warming and climatic changes are currently some of the important topic of

discussions which researchers have studied on regional and planetary scales. In other
words, the significant increase in near-surface temperatures at high latitudes from about
1920 to 1940 was known as global warming. The temperature of the Earth in recent years,
especially in the northern hemisphere, has undergone a change and experienced an
extremely upward trend. This increasing trend has become more tangible due to the
occurrence of climatic hazards such as heat waves that led to many deaths, destructive
effects on economic, ecological and social systems and flooding of coastal areas. Extreme
temperatures can cause other destructive hazards such as droughts, floods and heat waves.
Due to the negative effects of high temperatures as well as their increasing trend in
different regions of the world, it is very important to know the temporal distribution of
temperatures above 50 degrees Celsius in order to quantify these effects. In recent years,
in line with global warming, we have seen an increase in the occurrence of heat waves,
and therefore, in the present study, using TU50c, we have investigated and studied the
time frequency of these waves. The final goal is to study the long-term trend of monthly
TUS0c frequency in the Northern Hemisphere.

Methodology

This study investigates the vast area of the Northern Hemisphere which as a whole
encompasses 255,000,000 square kilometers. This hemisphere consists of most of the land
surface and about 90% of the Earth's population.

Results and discussion

The data used in this study are networked and reanalyzed observational data of the
maximum temperature of 2 meters above the surface level with a spatial resolution of 2.5
to 2.5 degrees NCEP / NCAR Reanalysis 1. These data were prepared on a daily basis for
the entire planet from 1948 to 3 days prior to this study and those posted on the NOAA
website. Altogether, we used the data between 1948 and 2020. According to the daily
maximum temperature maps, first those days with TU50c were determined and then their
monthly frequencies were extracted in the statistical period of 73 years. After that, the
highest daily temperature was identified for each month, and its map was drawn. After
extracting the monthly frequency of TU50c in the Northern Hemisphere, first their
descriptive statistical characteristics (indices of tendency to the center and dispersion)
were extracted and analyzed. Finally, by calculating the linear trend component of the time
series, the trend of their time changes was evaluated.

Conclusion

The analysis of the long-term variation of TU50c in the Northern Hemisphere showed that
May, April and June have had the highest frequency of occurrence respectively. Also, the
results showed that the lowest level belonged to the cold seasons i.e. November and
December. In autumn, theere found to be the lowest occurrences. The results of the time
trend analysis showed that the changes in monthly periods (with the exception of January,
February and December) were an upward trend. The highest frequency of ferine
temperatures was related to the 20th century and the highest frequencies were observed
between 1986 and 1988 with 281 and 276 days respectively. The most extreme
temperature recorded during this period occurred in 1987 with 76.5 degrees Celsius. The
results of the spatial analysis also indicated that the highest spatial frequency and the most
extreme temperatures occurred in the area between Iran, Iraq, Kuwait, Saudi Arabia and
Africa. In addition, it was determined that the maximum occurrence of TU50c was in
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spring and summer and the minimum frequency was in autumn. According to the
mentioned cases, it can be concluded that due to the significantly occurrence of extreme
temperatures, the affected population and its economic losses in the recent years were in
the Middle East and the Northern Hemisphere. Therefore, by timely measuring and
declaration of the appropriate data to government officials, they can make accurate
decisions at appropriate times to reduce damage caused by this natural hazard.
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Table 1. Statistical characteristics of the monthly occurrence frequency of TU50c in the Northern Hemisphere, 1948-
2020

Slale 55505 & w3 8 asiia ( Jlod o Ko TUSOC 355 Slslp oSl 5 lale mar slis 4 a5 L

TUS0C wlale Sl 58 a3 o 2aS ol 555 5 sl 53 OF 5l das 5 o ole 55 0 5L (slales £ it

Slale 585 Slol 3 o ailale w557 ¥ IS0 5o a2l o D13 4 515 5 STl 5l Aile s (slaele
sl ol esls OLAS Jls o S s TUS0C

VAT Y Jled oS o5 TUSOC (s 6lale Jlsl 3 do s 35 .Y JKS

Dec, 105
Qct, 186 Jan, 201

Ho 226 Feb, 359

s

Sep, 430

Mar, 1107
Aug, 967

Jul, 1203 Apr, 1554

Jun, 1403
May, 1382
Blan Feb ®Mar BApr EMay Hlun @ Jul MAug ®S5zp EOct ENov BDec

Figure 2. Distribution of the monthly frequency percentage of TU50c in the Northern Hemisphere, 1948-2020
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Figure 5. Linear trend of TU50c occurrence frequency for June in the period 1948-2020

VAEA=Y Y 0,95 )3 (\quujjj i')ujﬁj ole BE ol MTUSOC u;“f".b".k.& A JS«:-

180 0% ) 90F 180
T s
Yo -
60N, - %;,‘,: i .‘%‘;.' ol NgoN
— b% 6
30N 3 A A ey 30N
- g 4 (2 o 2
EQ E . ™ ) | _ | EQ
LA e \ - il '
305 5 R . T 7 A - 308 5

608 f aih . 505

180 3 0 90F 180

26N

26N

24N

23N

22N

21N

20N

19N

18N

178

- =
75 T6E 77E 78E 79E 80E B8IF 82F 83F

Figure 6. The most intense TU50c recorded in June (June 4, 1992) in the period 1948-2020
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Figure 7. Linear trend of TU50c occurrence frequency for July in the period 1948-2020
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Figure 8. The most intense TU50c recorded in July (July 15, 1991) in the period 1948-2020
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Figure 10. The most intense TU50c recorded in August (August 16, 1987) in the period 1948-2020
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