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1 Linear trends in global surface air temperatures

Figure 1: Linear trends in global annual mean and summer mean temperatures. Summer
months are June, July, August (JJA). Based on ERA5 (2020) dataset.
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2 Comparison of ERA5 and weather station data

Here we compare the ERA5 and weather station data using Riyadh and Jeddah as examples.
These are two major cities in Saudi Arabia that represent inland and coastal locations,
respectively. Weather station data were obtained for the period 2005-2019 and 2010-2019
for Riyadh and Jeddah, respectively from rp5.ru (2021). Both weather stations are in a
proximity to the ERA5 grid points. Their coordinates are shown in Table 1 and 2. Weather
station observations are recorded at 3 hourly time interval, and we filtered hourly ERA5 data
to match the weather station data. To compare the ERA5 and weather station datasets, we
calculated the mean of the difference, standard deviation of the difference, Pearson correlation
coefficient, root-mean-square difference, or RMS (Equation 1, (Maze, 2021)), for temperature
and dew point temperature data. We summarize the results as Tables 1 and 2 and a Taylor
diagram (Taylor, 2001). The latter shows in one plot the Pearson correlation coefficient, the
root-mean-square difference, and the standard deviation (Figures 2 and 3). The diagram helps
to compare how well ERA5 matches observations in different cities and shows the difference in
correlation between temperature and dew point temperature data. Furthermore, we present
time series of ERA5 and weather station recordings in these two cities during the summer of
2019 (Figure 4).

RMS =

√∑N
i=1[(TERAi

−meanTERA
) − (Tstationi

−meanTstation
)]2

N
, (1)

where TERA is ERA5 data, Tstation is weather station data, N is number of observations.

The ERA5 and weather station data for Riyadh match very well: the mean of the
difference (ERA5-station) in temperature is only 0.29 ◦C, and the mean of the difference in
standard deviation of temperature is close to 0 ◦C, the correlation coefficient is 0.99, and
the root-mean-square difference is 1.02 (Table 1, Figure 4a). However, there is a largere
difference between the ERA5 and weather station data for the coastal city Jeddah (see Table
2, Figure 4b). Li et al. (2020) in their comparison of ERA5 data and HadISDH and HadISD
(dataset based on weather station observations) also reported that the difference between
ERA5 data and observations is larger for coastal grid cells. The reason may be that becasue
ERA5 is an aggregated dataset, data points that fall on land near the coastlines may be
biased by ocean surface data. Additionally, heat island effect may affect weather station
recordings, explaining the higher maximum temperatures reported by the weather station in
Jeddah (Figure 4b).

Overall, we conclude that ERA5 temperature and dew-point temperature data are rea-
sonably close to weather station observations. The inland location represented by Riyadh
shows better correlation than the coastal one (Jeddah), and the temperature data agree better
than the dew point temperature data when the ERA5 and observation data are compared.
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Taylor Diagram for Temperature (Riyadh)

  
1

  
2

  
3

  
4

  
5

  
6

  
7

0

1.5

0

3

0

4.5

0

6

0

7.5

0

9

0

10.5

0

12

0.1
0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

0.95

0.99

Co r r e
l a

t
i o

n
 C

o
e

f
f

i c
i e

n
t

R
M

S
D

Station

Era5

(a)

S
ta

n
d

a
rd

 d
e
v
ia

ti
o

n

Taylor Diagram for Dew Point Temperature (Riyadh)
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Figure 2: Taylor diagram for temperature (a) and dew point temperature (b) in Riyadh.
Obtained using MATLAB (Maze, 2021).
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Taylor Diagram for Temperature (Jeddah)
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Taylor Diagram for Dew Point Temperature (Jeddah)

  
1

  
2

  
3

  
4

  
5

  
6

  
7

0

1.5

0

3

0

4.5

0

6

0

7.5

0

9

0

10.5

0

12

0.1
0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

0.95

0.99

Co r r e
l a

t
i o

n
 C

o
e

f
f

i c
i e

n
t

R
M

S
D

Station

Era5

(b)

Figure 3: Taylor diagram for temperature (a) and dew point temperature (b) in Jeddah.

4



(a)

(b)

Figure 4: Time series of near-surface temperature (red) and dew-point temperature (blue),
during the summer of 2019 in Riyadh (a) and Jeddah (b). The ERA5 data are plotted as the
solid lines, and the weather station data as the dashed lines. The stations are in the ERA5
grid cells identified in Tables 1 and 2, respectively.
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Riyadh

Parameter
Mean Standard deviation

Station ERA5 Station ERA5
Temperature, ◦C 26.64 26.94 9.69 9.68

Dew Point
temperature, ◦C

2.09 3.55 5.68 5.02

Parameter
Mean of the difference

(ERA5-Station)
Standard deviation

of the difference
Correlation
coefficient

Root-mean-square
(RMS) difference

Temperature, ◦C 0.29 -0.004 0.99 1.02
Dew Point

temperature, ◦C
1.46 -0.660 0.86 2.86

Table 1: Statistics on the comparison between ERA5 (24.75N 46.75E) and Riyadh weather
station (24.96N 46.70E, WMO ID 404370).

Jeddah

Parameter
Mean Standard deviation

Station ERA5 Station ERA5
Temperature, ◦C 29.47 28.91 4.63 3.83

Dew Point
temperature, ◦C

18.56 3.55 5.68 4.24

Parameter
Mean of the difference

(ERA5-Station)
Standard deviation

of the difference
Correlation
coefficient

Root-mean-square
(RMS) difference

Temperature, ◦C -0.56 -0.004 0.99 1.02
Dew Point

temperature, ◦C
1.46 -0.660 0.86 2.86

Table 2: Statistics on the comparison between ERA5 (21.50N 39.25E) and Jeddah weather
station (21.68N 39.16E, WMO ID 410240).

6



3 Comparison of ERA5 and NASA GISS data

In this section, we compare the ERA5 and NASA GISS datasets for the years 1979-2019. In
particular, we compare mean annual values of the

• Combined land and sea surface temperature across the globe and hemispheres,

• Surface air temperature over land areas only across the globe and hemispheres.

The two datasets agree very well, especially the global and Northern Hemisphere values.
Small discrepancies are noticeable in the Southern Hemisphere data. The linear trends in
temperature are almost identical between the two datasets with the differences of less than
0.02 ◦C/decade over the 1979-2019 study period.

3.1 Combined land and sea surface temperature

The combined land and sea surface temperature anomalies were obtained in tabular form from
the NASA GISS website (GISTEMP Team, 2020a; Lenssen et al., 2019). The temperature
anomalies are the deviations from the corresponding temperature means for the 1951-1980
base period. We compare the NASA GISS data with the surface temperatures from ERA5
(2020) obtained as a weighted average of 0.25◦×0.25◦ complete global spatial dataset. Es-
timation of base period temperatures allowed us to compare the NASA and ERA5 data on
the same plot (Figure 5). The NASA GISS gives the estimation of base period (1951-1980)
average global surface air temperature as 14 ◦C with the uncertainty of several tenths of a
degree Celsius (Hansen et al., 2010).

Our assumption for a more precise estimation of global temperature over the base period
is as follows:

average global temperature over 1951-1980 +

+ average temperature anomalies over 1979-2019 =

= average ERA5 temperature 1979-2019

(2)

(a) (b) (c)

Figure 5: Average yearly temperatures for the 1979-2019 period and linear regression trends:
a) global, b) the Northern Hemisphere, and c) the Southern Hemisphere.
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From Eq. (2), we estimate the average global surface air temperature over the reference
period as 13.8 ◦C (which is consistent with GISS); the average global surface air temperature
for the Northern Hemisphere as 14.5 ◦C; and the average global surface air temperature for
the Southern Hemisphere as 13.1 ◦C. The Northern Hemisphere was about 1.4 ◦C warmer
than the Southern Hemisphere during the base period. Because the Northern hemisphere
warms faster, this difference will be increasing with time. For example, in 2019 the Northern
Hemisphere was 1.8 ◦C warmer than the Southern one. Although temperature fluctuates due
to various natural events, such as ocean temperature oscillations and volcanic eruptions, the
clear warming trend is seen in Figure 5. For example, the years 1998 and 2016 both experi-
enced comparably strong El Niños that were responsible for bumping up the temperatures in
these years (Thompson, accessed July 23, 2020). However, the 2016 mean global temperature
was 0.4 ◦C higher, and mean temperature across land in the Northern Hemisphere was 1.3
◦C higher than in 1998. This is a clear sign of excess greenhouse gases in the atmosphere
heating the planet.

3.2 Surface air temperature over land areas only

From the NASA GISS dataset “Surface air temperature (no ocean data), 250km smoothing”
which is provided on a regular 2◦×2◦ grid (GISTEMP Team, 2020b), we obtained the mean
annual temperature anomalies over land areas only. Global means are weighted average
estimates from the dataset points. The advantage of this dataset is that it allows us to
evaluate temperature anomalies in both hemispheres separately. Land temperature anomalies
data by hemisphere have not been published in the form of tables or plots on NASA GISS
website. Similarly, we calculated temperatures over land areas from the ERA5 dataset. The
ERA5 data include both the ocean and land data. For this analysis, we filtered the data
points that only fall within a continent’s borders. For comparison purposes, we also include
data from the NASA GISS plot of the global values of temperature anomalies over land
(GISTEMP Team, 2020, 2020). The results are outlined in Figure 6.

(a) (b) (c)

Figure 6: Average yearly temperatures over land areas for the 1979-2019 period and linear
regression trends: a) global, b) the Northern Hemisphere, c) the Southern Hemisphere.

The base period (1951-1980) average global land surface air temperature was 9.2 ◦C;
the average global land surface air temperature for the Northern Hemisphere was 10.5 ◦C;
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and the average global land surface air temperature for the Southern Hemisphere was 6.4 ◦C.
During the reference period, the Northern Hemisphere land was about 4.1 ◦C warmer than
the Southern one. Land areas are warming faster than the whole planet with the Northern
Hemisphere land warming much faster than the rest of planet’s land.
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4 Comparison of summer temperature with thermal

comfort indices

In this section we explain how air temperature is different from thermal comfort indices that
measure thermal stress to which humans are exposed at different outdoor conditions. These
are the heat index (HI, a function of temperature and humidity) and the universal thermal
comfort index (UTCI), a novel parameter which is a function of temperature, humidity,
wind speed, and solar radiation. There are different ways of evaluating heat indices found
in literature. We did not limit our analysis to one method and calculated HI based on
three different methodologies described in section “Human thermal comfort indicators” in
the paper:

1. Method 1. NOAA NWS (2020) algorithm

2. Method 2. Schoen (2005)

3. Method 3. El Morjani et al. (2007); Oka (2011)

Taking the year 2019 as an example, Figure 7 shows average monthly values of air
temperature and heat index evaluated using the NWS algorithm, which is considered to be
the best among 21 different methods of calulating the heat index found in the publications on
the topic Anderson et al. (2013). The population along the coasts is more affected by thermal
stress. In these areas, heat index significantly exceeds the temperature in June-August period
because high humidity magnifies the effects of summer heat. In particular, regions next to
the Persian Gulf are at risk. As the seawater warms, the heat index continues to rise, while
average temperatures do not differ much over the course of summer. By August, across the
coastal areas near Dammam average daily heat index value is around 40 ◦C. UAE coast
is subjected to even higher thermal stress, with average daily heat index around 45 ◦C in
August. In contrast, some parts of the Kingdom are subjected to less heat stress during the
summer: these are inland desert locations, northwestern areas, and mountains in the south,
where low moisture content in the air leverages negative effects of temperature on the human
body.

Figure 8 shows heat index calculated using two other methods: the second method
(Equation 1 in the main paper, Schoen (2005) and the third method (Equation 2 in the
main paper, El Morjani et al. (2007); Oka (2011). Figure 10 outlines the difference between
thermal comfort indicators and temperature. In contrast with NWS algorithm, the second
method shows lower stress for the coastal locations and over the water bodies. In humid
locations method 3 gives values similar to those obtained by the NWS algorithm. However,
the third method has two important features: apparent temperature (heat index) is always
higher than the actual temperature, and if relative humidity is less than 40%, apparent
temperature equals temperature. This makes heat index across almost the whole of Saudi
Arabia identical to actual temperature. The other two methods (NOAA NWS, 2020; Schoen,
2005) show that heat index is less than the actual temperature across the dry inland desert
areas.

The universal thermal comfort index gives values similar to the heat index methods 1
and 2 for inland locations. However, in comparison with heat index, UTCI underestimates
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the influence of humidity on perceived temperatures for coastal regions (Figure 9 and Figure
10 (j, k, l)).

(a) (b) (c)

(d) (e) (f)

Figure 7: Average monthly values of air temperature (a, b, c) and heat index evaluated using
the NOAA NWS (2020) algorithm (d, e, f) for the summer of 2019.
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(a) (b) (c)

(d) (e) (f)

Figure 8: Average monthly values of heat index evaluated by the second method (Schoen,
2005) (a, b, c) and the third method (El Morjani et al., 2007; Oka, 2011) of heat index
calculation (d, e, f) for the summer of 2019.

(a) (b) (c)

Figure 9: Average monthly values of UTCI during the summer of 2019.
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(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

(j) (k) (l)

Figure 10: Differences between the average monthly values of thermal comfort indicators and
temperature during the summer of 2019. Heat index: method 1 (a, b, c), method 2 (d, e, f)
method 3 (g h, i); and the universal thermal comfort index: (j, k, l).
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5 NOAA NWS Algorithm for heat index calculation

This NOAA algorithm is used by the NOAA NWS (2020) online heat index calculator to
determine heat index based on air temperature in degrees Celsius (Tc) or Fahrenheit (Tf)
and relative humidity in percent (RH). The algorithm is presented in Anderson et al. (2013).

1 Dc % array o f dew po in t temperature in degrees C
2 Tc % array o f temperature in degrees C
3 Tf = Tc∗9/5+32; % array o f temperature in degrees F
4 RH = 100 .∗ (exp ( ( 1 7 . 6 2 5 .∗Dc) ./(243 .04+Dc) ) . /exp ( ( 1 7 . 6 2 5 .∗Tc)

./(243 .04+Tc) ) ) ; % array o f Re l a t i v e humidi ty in percent . Source
: h t t p s :// bmcnoldy . rsmas . miami . edu/Humidity . html

5

6 for a = 1 : s ize (Dc , 1 ) ;
7 for b = 1 : s ize (Dc , 2 ) ;
8 i f Tf (a , b) <= 40
9 HIf ( a , b ) = Tf (a , b) ;
10 else
11 A(a , b) =−10.3+1.1.∗Tf (a , b) +0.047.∗RH(a , b) ;
12 i f A<79
13 HIf ( a , b )=A(a , b) ;
14 else
15 B(a , b) =−42.379+2.04901523∗Tf (a , b) +10.14333127∗RH(a , b)

−0.22475541∗Tf (a , b)∗RH(a , b) −6.83783∗10ˆ(−3)∗Tf (a , b)
ˆ2−5.481717∗10ˆ(−2)∗RH(a , b) ˆ2+1.22874∗10ˆ(−3)∗Tf (a , b) ˆ2∗
RH(a , b) +8.5282∗10ˆ(−4)∗Tf (a , b)∗RH(a , b) ˆ2−1.99∗10ˆ(−6)∗Tf
(a , b) ˆ2∗RH(a , b) ˆ2 ;

16

17 i f RH(a , b)<=13 & Tf (a , b) <= 112 & Tf (a , b ) >= 80
18 HIf ( a , b )=B(a , b)−((13−RH(a , b) ) /4) ∗(17−(Tf ( a , b )−95)/17)

ˆ 0 . 5 ;
19 else
20 i f RH(a , b)>85 & Tf (a , b)<=87 & Tf (a , b)>=80
21 HIf ( a , b )=B(a , b) +0.02∗(RH(a , b)−85)∗(87−Tf (a , b) ) ;
22 else
23 HIf ( a , b )=B(a , b) ;
24 end
25 end
26 end
27 end
28 end
29 end
30

31 HI = ( HIf − 32) ∗5/9 ; % Heat Index in degrees C

14



6 Trend in heat index calculated using the Schoen (2005)

method

(a) (b)

Figure 11: Linear trends in annual (a) and summer (b) mean heat index calculated using the
second method (Schoen, 2005) for the 1979-2019 period.
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7 Summary tables

No Index Unit Definition
1 Tmean

◦C Mean temperature. Annual or seasonsal mean of monthly means of
daily temperature means

1 Tdpmean
◦C Mean dew point temperature. Annual or seasonsal mean of monthly

means of daily temperature means
2 HI ◦C Heat index. Defined in Equation 1, 2 and Section 5
3 UTCI ◦C Universal thermal comfort index
4 DTR ◦C Diurnal temperature range. Mean annual or seasonal of daily dif-

ference between TX (daily maximum temperature) and TN (daily
minimum temperature)

5 SU Days Number of summer days.
Annual or seasonal count of days when TX > 25◦C

6 HD Days Number of hot days.
Annual or seasonal count of days when TX > 37.8◦C

7 TR Days Number of tropical nights.
Annual or seasonal count of days when TN > 20◦C

8 TXn ◦C Monthly maximum value of daily minimum temperature
9 TNx ◦C Monthly minimum value of daily maximum temperature
10 TXx ◦C Monthly maximum value of daily maximum temperature
11 TNn ◦C Monthly minimum value of daily minimum temperature
12 TN10p % Cold nights.

Percentage of days when the daily minimum temperature TN falls
below the 10th percentile in the calendar 5-day window for the base
period

13 TX10p % Cold days.
Percentage of days when the daily maximum temperature TX falls
below the 10th percentile in the calendar 5-day window for the base
period

14 TN90p % Warm nights. Percentage of days when the daily minimum tempera-
ture TN exceeds the 90th percentile in the calendar 5-day window for
the base period

15 TX90p % Warm days. Percentage of days when the daily maximum temperature
TX exceeds the 90th percentile in the calendar 5-day window for the
base period

16 WSDI Days Warm spell duration index.
Annual or seasonal count of days with at least 6 consecutive days
when daily maximum temperature TX exceeds the 90th percentile in
the calendar 5-day window for the base period

15 CSDI Days Cold spell duration index.
Annual or seasonal count of days with at least 6 consecutive days
when daily minimum temperature TN falls below the 10th percentile
in the calendar 5-day window for the base period

Table 3: Summary table for climatic indices evaluated in the present study. Indices 5, 7-15
are from the ETCCDI (2020) classification. Base period is 1979-2009
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Abha Arar Al Bahah Buraidah Dammam
Index Unit all year summer all year summer all year summer all year summer all year summer
Temperature (2010-2019
mean)

◦C 21.1 25.0 22.9 34.0 23.3 26.8 26.7 36.6 27.1 35.0

Hot days (2010-2019 mean) ◦C 0 107.7 12.0 155.1 100.9
Linear trends in indices for 1979-2019

T, temperature ◦C/yr 0.046 0.046 0.057 0.074 0.058 0.058 0.063 0.078 0.040 0.044
Tdp, dew point temperature ◦C/yr 0.012 0.019 0.067 0.092 0.024 0.031 0.085 0.109 0.035 0.064
HI, method 1 (NWS) ◦C/yr 0.007 0.024 0.026 0.073 0.017 0.036 0.034 0.088 0.051 0.110
HI, method 2 (Schoen 2005) ◦C/yr 0.048 0.050 0.062 0.084 0.051 0.052 0.068 0.085 0.056 0.082
UTCI ◦C/yr 0.030 0.026 0.058 0.067 0.030 0.026 0.059 0.065 0.063 0.069
TX, daily max ◦C/yr 0.050 0.050 0.061 0.076 0.067 0.062 0.056 0.063 0.037 0.037
TN, daily min ◦C/yr 0.052 0.062 0.058 0.081 0.053 0.060 0.080 0.106 0.044 0.051
DTR (Tx-Tn) ◦C/yr -0.002 -0.011* 0.003 -0.004 0.014 0.003 -0.024 -0.042 -0.008 -0.014
SU, summer days days/yr 1.521 - - - 1.240 - - - - -
HD, hot days days/yr - - 1.200 - - - 0.598 - 1.020 -
TR, tropical nights days/yr 2.187 - 0.780 - 1.485 - 0.854 - 0.449 -
TXx, monthly max ◦C/yr 0.047 0.045 0.057 0.080 0.067 0.069 0.048 0.051 0.040 0.042
TNx, monthly min of daily
max

◦C/yr 0.053 0.055 0.054 0.077 0.058 0.064 0.073 0.107 0.040 0.042

TXn, monthly max of daily
min

◦C/yr 0.046 0.051 0.054 0.082 0.054 0.059 0.054 0.062 0.037 0.031

TNn, monthly min ◦C/yr 0.056 0.059 0.060 0.083 0.048 0.051 0.083 0.116 0.055 0.068
TN10p, cold nights %/yr -0.685 -0.915 -0.462 -0.847 -0.599 -0.691 -0.625 -1.006 -0.515 -0.851
TX10p, cold days %/yr -0.495 -0.554 -0.402 -0.690 -0.494 -0.468 -0.427 -0.676 -0.434 -0.569
TN90p, warm nights %/yr 1.107 1.574 0.665 0.913 1.122 1.386 0.775 1.140 0.681 0.864
TX90p, warm days %/yr 0.808 1.043 0.544 0.829 0.833 0.903 0.616 0.886 0.420 0.644

Table 4: Summary table for linear trends in climate indices. Number of observations: 41,
degrees of freedom: 39. Bold values are significant at 99% confidence level. *Significant at
95% confidence level

Table 4 (Continued)
Dhahran Hafar Al-Batin Hail Jeddah Jizan

Index Unit all year summer all year summer all year summer all year summer all year summer
Temperature (2010-2019
mean)

◦C 27.4 36.2 26.1 37.0 24.2 34.0 28.9 32.4 32.0 35.7

Hot days (2010-2019 mean) ◦C 150.9 154.3 107.7 3.3 172.9
Linear trends in indices for 1979-2019

T, temperature ◦C/yr 0.047 0.050 0.051 0.056 0.049 0.058 0.047 0.053 0.066 0.079
Tdp, dew point temperature ◦C/yr 0.036 0.077 0.073 0.108 0.048 0.075 0.028 0.033 0.015 0.016*
HI, method 1 (NWS) ◦C/yr 0.051 0.108 0.037 0.091 0.024 0.068 0.054 0.087 0.062 0.068
HI, method 2 (Schoen 2005) ◦C/yr 0.064 0.086 0.065 0.087 0.067 0.081 0.050 0.063 0.049 0.052
UTCI ◦C/yr 0.065 0.069 0.064 0.075 0.057 0.061 0.046 0.056 0.027 0.024
TX, daily max ◦C/yr 0.043 0.038 0.051 0.063 0.065 0.074 0.034 0.033 0.038 0.037
TN, daily min ◦C/yr 0.059 0.064 0.074 0.104 0.070 0.095 0.035 0.045 0.040 0.051
DTR (Tx-Tn) ◦C/yr -0.016* -0.026 -0.023 -0.040 -0.005 -0.020 -0.001 -0.011 -0.003 -0.013*
SU, summer days days/yr - - - - - - 0.462 - - -
HD, hot days days/yr 0.550 - 0.483 - 1.475 - 0.084 - 1.138 -
TR, tropical nights days/yr 0.667 - 0.670 - 0.886 - 0.639 - 0.080 -
TXx, monthly max ◦C/yr 0.049 0.053 0.046 0.059 0.057 0.060 0.036 0.047 0.037 0.045
TNx, monthly min of daily
max

◦C/yr 0.050 0.052 0.071 0.107 0.064 0.097 0.034 0.043 0.037 0.045

TXn, monthly max of daily
min

◦C/yr 0.043 0.030 0.049 0.068 0.061 0.076 0.031 0.031 0.044 0.045

TNn, monthly min ◦C/yr 0.073 0.088 0.081 0.104 0.068 0.098 0.036 0.043 0.050 0.050
TN10p, cold nights %/yr -0.612 -0.947 -0.568 -0.930 -0.563 -0.902 -0.514 -0.795 -0.518 -0.457
TX10p, cold days %/yr -0.414 -0.543 -0.352 -0.598 -0.474 -0.652 -0.597 -0.774 -0.473 -0.476
TN90p, warm nights %/yr 0.759 0.879 0.784 1.226 0.726 1.082 0.701 0.980 0.911 1.178
TX90p, warm days %/yr 0.426 0.596 0.496 0.783 0.713 1.019 0.606 0.683 0.732 0.799
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Table 4 (Continued)
Khamis Mushait Mecca Medina Najran NEOM

Index Unit all year summer all year summer all year summer all year summer all year summer
Temperature (2010-2019
mean)

◦C 20.0 24.4 30.7 35.6 28.3 35.7 24.7 30.8 26.8 34.3

Hot days (2010-2019 mean) ◦C 0 184.8 157.2 31.0 109.4
Linear trends in indices for 1979-2019

T, temperature ◦C/yr 0.047 0.050 0.051 0.056 0.049 0.058 0.047 0.053 0.041 0.037
Tdp, dew point temperature ◦C/yr 0.019 0.028 0.023* 0.039 0.011 0.014 0.033* 0.065 0.043 0.089
HI, method 1 (NWS) ◦C/yr -0.002 0.014 0.055 0.084 0.023 0.052 0.020 0.044 0.017 0.058
HI, method 2 (Schoen 2005) ◦C/yr 0.048 0.053 0.061 0.075 0.049 0.059 0.049 0.058 0.050 0.060
UTCI ◦C/yr 0.034 0.036 0.048 0.057 0.048 0.058 0.034 0.038 0.057 0.069
TX, daily max ◦C/yr 0.051 0.053 0.055 0.050 0.041 0.041 0.043 0.040 0.021 0.017*
TN, daily min ◦C/yr 0.053 0.067 0.046 0.061 0.052 0.073 0.052 0.083 0.051 0.051
DTR (Tx-Tn) ◦C/yr -0.002 -0.013* 0.009 -0.011 -0.011 -0.030 -0.009 -0.043 -0.030 -0.034
SU, summer days days/yr 1.330 - - - - - - - -
HD, hot days days/yr - - 1.157 - 0.511 - 0.807 - 0.305 -
TR, tropical nights days/yr 1.385 - 0.949 - 0.571 - 2.043 - 0.550 -
TXx, monthly max ◦C/yr 0.048 0.047 0.054 0.071 0.036 0.038 0.038 0.036 0.007 0.001
TNx, monthly min of daily
max

◦C/yr 0.054 0.066 0.049 0.070 0.054 0.080 0.050 0.066 0.045 0.040

TXn, monthly max of daily
min

◦C/yr 0.043 0.050 0.051 0.042 0.037 0.042 0.050 0.034 0.036 0.037

TNn, monthly min ◦C/yr 0.056 0.060 0.045 0.058 0.042 0.056 0.060 0.090 0.058 0.065
TN10p, cold nights %/yr -0.679 -1.036 -0.724 -0.724 -0.377 -0.530 -0.532 -0.920 -0.462 -0.493
TX10p, cold days %/yr -0.496 -0.652 -0.715 -0.715 -0.381 -0.521 -0.461 -0.610 -0.270 -0.301*
TN90p, warm nights %/yr 1.091 1.619 1.187 1.187 0.679 0.865 0.692 1.172 0.681 0.878
TX90p, warm days %/yr 0.778 0.993 0.701 0.701 0.494 0.543 0.673 0.901 0.095 0.148

Table 4 (Continued)
Riyadh Sakakah Tabuk Taif The Red Sea Project

Index Unit all year summer all year summer all year summer all year summer all year summer
Temperature (2010-2019
mean)

◦C 26.9 36.6 23.4 34.0 22.8 31.4 23.2 29.1 27.2 32.4

Hot days (2010-2019 mean) ◦C 149.8 111.0 61.4 1.1 52.7
Linear yearly trends in indices for 1979-2019

T, temperature ◦C/yr 0.056 0.068 0.065 0.081 0.047 0.054 0.047 0.047 0.042 0.044
Tdp, dew point temperature ◦C/yr 0.071 0.093 0.049 0.068 0.038 0.071 0.021* 0.048 0.031 0.036
HI, method 1 (NWS) ◦C/yr 0.029 0.077 0.028 0.071 0.018 0.042 0.010 0.032 0.036 0.081
HI, method 2 (Schoen 2005) ◦C/yr 0.060 0.074 0.067 0.085 0.049 0.061 0.049 0.052 0.053 0.065
UTCI ◦C/yr 0.056 0.064 0.062 0.069 0.044 0.054 0.036 0.039 0.047 0.057
TX, daily max ◦C/yr 0.046 0.052 0.069 0.083 0.039 0.044 0.050 0.044 0.006 -0.002
TN, daily min ◦C/yr 0.070 0.089 0.060 0.086 0.058 0.075 0.050 0.056 0.062 0.070
DTR (Tx-Tn) ◦C/yr -0.024 -0.036 0.009 -0.002 -0.019 -0.030 0.001 -0.011 -0.057 -0.072
SU, summer days days/yr - - - - - 1.105 - - -
HD, hot days days/yr 0.440 - 1.419 - 0.811 - - - -0.167 -
TR, tropical nights days/yr 0.736 - 0.813 - 1.195 - 0.882 - 0.806 -
TXx, monthly max ◦C/yr 0.047 0.045 0.069 0.088 0.035 0.044 0.047 0.047 0.003 0.001
TNx, monthly min of daily
max

◦C/yr 0.065 0.088 0.061 0.079 0.053 0.069 0.049 0.055 0.060 0.077

TXn, monthly max of daily
min

◦C/yr 0.040 0.054 0.060 0.081 0.042 0.050 0.045 0.037 0.017* 0.001

TNn, monthly min ◦C/yr 0.079 0.089 0.059 0.092 0.061 0.082 0.054 0.060 0.070 0.071
TN10p, cold nights %/yr -0.644 -1.046 -0.489 -0.833 -0.606 -0.922 -0.469 -0.506 -0.654 -0.863
TX10p, cold days %/yr -0.383 -0.621 -0.418 -0.627 -0.384 -0.560 -0.487 -0.557 -0.017 0.213
TN90p, warm nights %/yr 0.784 -1.748 0.686 0.999 0.616 1.007 0.983 1.181 0.822 1.175
TX90p, warm days %/yr 0.523 0.796 0.650 1.015 0.339 0.573 0.660 0.726 0.021 -0.047

18



8 Monthly mean temperatures in Riyadh, Jeddah, and

NEOM

Figure 12: Monthly mean temperatures in Riyadh over the 1979-2019 period and linear
regression trends.
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Month Linear regression equation ∆T1979−2019 T-stat Significance of the trend
Jan y = 12.79 + 0.0524x 2.15 2.97 **
Feb y = 15.05 + 0.0663x 2.72 3.11 **
Mar y = 19.28 + 0.0727x 2.98 3.84 **
Apr y = 25.57 + 0.0400x 1.64 2.28 *
May y = 31.25 + 0.0476x 1.95 3.95 **
Jun y = 33.50 + 0.0645x 2.65 6.25 **
Jul y = 34.71 + 0.0645x 2.65 6.37 **
Aug y = 34.21 + 0.0749x 3.07 6.80 **
Sep y = 31.36 + 0.0646x 2.65 6.52 **
Oct y = 26.18 + 0.0613x 2.51 5.02 **
Nov y = 20.20 + 0.0167x 0.68 1.05
Dec y = 14.41 + 0.0412x 1.69 1.93

Table 5: Linear regression equations for all months for Riyadh. Number of observations: 41,
degrees of freedom: 39. *Significant at 95% confidence level, **significant at 99% confidence
level. T-stat is t-statistic used to test the null hypothesis that the trend is zero against the
alternative hypothesis that the trend is different from zero. Higher values indicate the higher
significance of the trend. Linear regression equation coefficients and T-stat are obtained
using the built-in function fitlm in MATLABr.
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Figure 13: Monthly mean temperatures in Jeddah over the 1979-2019 period and linear
regression trends.
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Month Linear regression equation ∆T1979−2019 T-stat Significance of the trend
Jan y = 22.93 + 0.0269x 1.10 2.30 *
Feb y = 22.62 + 0.0559x 2.29 4.01 **
Mar y = 24.48 + 0.0379x 1.55 3.01 **
Apr y = 27.12 + 0.0286x 1.17 3.10 **
May y = 29.10 + 0.0399x 1.64 5.15 **
Jun y = 30.05 + 0.0419x 1.72 7.32 **
Jul y = 31.25 + 0.0395x 1.62 8.04 **
Aug y = 31.49 + 0.0334x 1.37 7.43 **
Sep y = 30.60 + 0.0287x 1.18 5.75 **
Oct y = 29.20 + 0.0295x 1.21 6.05 **
Nov y = 26.99 + 0.0231x 0.95 2.67 *
Dec y = 24.41 + 0.0328x 1.34 3.39 **

Table 6: Linear regression equations for all months for Jeddah. Number of observations: 41,
degrees of freedom: 39. *Significant at 95% confidence level, **significant at 99% confidence
level.
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Figure 14: Monthly mean temperatures in NEOM over the 1979-2019 period and linear
regression trends.
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Month Linear regression equation ∆T1979−2019 T-stat Significance of the trend
Jan y = 15.36 + 0.0336x 1.38 2.12 *
Feb y = 16.40 + 0.0653x 2.68 3.76 **
Mar y = 20.06 + 0.0630x 2.57 3.27 **
Apr y = 25.41 + 0.0202x 0.83 1.41
May y = 29.26 + 0.0340x 1.39 2.64 *
Jun y = 32.51 + 0.0241x 0.99 2.75 **
Jul y = 33.12 + 0.0352x 1.45 4.13 **
Aug y = 32.88 + 0.0498x 2.04 5.32 **
Sep y = 31.20 + 0.0379x 1.56 4.13 **
Oct y = 27.07 + 0.0399x 1.64 3.11 **
Nov y = 21.21 + 0.0490x 2.01 2.86 **
Dec y = 16.65 + 0.0454x 1.86 2.71 **

Table 7: Linear regression equations for all months for NEOM. Number of observations: 41,
degrees of freedom: 39. *Significant at 95% confidence level, **significant at 99% confidence
level.
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