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A B S T R A C T   

The UV Index (UVI), standardized by the World Health Organization (WHO) in 2002, is an internationally 
accepted reference for disseminating information on solar UV radiation levels with the purpose of preventing the 
harmful effects on human health by sun overexposure. The UVI is the erythemal irradiance expressed in a 
dimensionless unit, with numerical values adapted to a risk scale that considers the “Extreme” level from a UVI 
value equal to 11 upwards. This scale is linked to a color palette by health risk ranges, and to a graded color 
palette by units of UVI for more details. Both the numerical scale and its associated risk levels were universally 
adopted by the scientific community and by global information systems to the population. However, in
consistencies and limitations persist between both UVI color palettes, making their interpretation and application 
difficult. In the present work all these aspects are addressed, proposing a revised color palette for unit UVI values 
that resolves each of them. Based on the WHO risk-ranges UVI color palette, the new color palette for unit UVI 
values gives coherence to both color charts, allowing reliable identification of the risk level bands and of each 
unit UVI level within them, and solves the need to distinguish between units for numerical values of UVI higher 
than 11 that are registered daily in many regions of the world.   

1. Introduction 

Excessive exposure to solar UV radiation has negative incidence on 
living organisms (e.g., [8,15,44]). In humans, these include principally 
damage to the skin, eyes, and immunological system (e.g., [1]). The 
main consequence of the stratospheric ozone depletion registered in our 
planet in the last decades is a potential increase of the solar UV radiation 
levels reaching the Earth’s surface, a situation that may get worse by 
synergistic effects with the current global climate change that over
whelms the Earth’s environment (e.g., [4,60]). These processes of an
thropic origin, added to some human esthetical-cultural patterns that 
overvalue the skin suntanning, transform the exposure to solar UV ra
diation in a critical public health issue (e.g., [39]). On the other hand, 

the exposure to solar UV radiation in appropriate doses yields positive 
effects on human health. An updated review on the effects of solar UV 
radiation exposure on human health was recently presented by Neale 
et al. [46]. The need to equilibrate harmful with beneficial consequences 
of solar UV exposure (e.g., [53]) requires that education and disclosure 
of information to the public be clear and reliable. 

The erythemal UV irradiance is the wavelength-integrated UV spec
tral irradiance weighted by the ISO ⁄ CIE [26] action spectrum [54]. The 
UV Index (UVI) represents the erythemal UV irradiance in a dimension
less unit, obtained as the erythemal UV irradiance in W/m2 multiplied by 
a factor of 40 m2/W. The World Health Organization standardized the 
UVI in 2002 [55] within the framework of the WHO global Intersun UV 
project (https://www.who.int/initiatives/intersun-program), becoming 
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an international reference tool for evaluating the risks to humans under 
excessive exposure to solar radiation, used for wide dissemination of 
public information to prevent massive health damage. UVI values are 
disaggregated into a numerical scale by ranges of health risk, with 
identifying color and protecting recommendations associated to each 
range. The WHO [55] document recommends expressing the UVI as 
entire numbers, using some rounding criteria. Thus, green color is 
assigned for UVI < 2 (“Low” risk), yellow color for UVI = 3 to 5 (“Mod
erate” risk), orange color for UVI = 6 to 7 (“High” risk), red color for UVI 
= 8 to 10 (“Very High” risk), and violet color for UVI ≥ 11 (“Extreme” 
risk), constituting the WHO [55] risk-ranges UVI color palette. Addi
tionally, the WHO [55] document recommends implementing a detailed 
graded color palette by units of UVI to distinguish between intermediate 
integer values, providing in its Annex D a color palette for unit UVI values 
that for UVI ≥ 11 is also completed with a single violet color. An attached 
graphics package to the WHO [55] document promotes standards for the 
presentation of the UVI including the UVI logo, icons for UVI reporting, 
sun protection icons, and color codes for different values of the UVI [57]. 

Recent studies evaluated the UVI information performance since the 
WHO [55] standardization, outlining strengths but also limitations in 
their understanding, use and divulgation (e.g., [3,14,16,22,27,32,33]). 
Permanent developments deploy new tools for disseminating public UVI 
information, as the SunSmart Global UV App for mobile phones 
launched in June 2022 [56]. Revision by official commissions detected 
no need for significant changes neither in the numerical UVI risk scale 
nor in the UVI policies [2,18]. The last reported official remarks on UVI 
guidelines were made during the Intersun Programme’s 7th Interna
tional Advisory Committee Meeting [25]. Nevertheless, the sharp 
identification of UVI levels through colors on plots and maps using the 
defined WHO [55] UVI color palettes still presents difficulties due to 
inconsistencies that require a rethinking. Particularly in the “Extreme” 
risk level, factors such as altitude, latitude, surface albedo, some types of 
clouds, depleted stratospheric ozone content mainly in polar regions and 
mini-ozone holes, among others, cause that many regions in the world 
register UVI largely above 11, reaching values of 20 or more during 
spring-summer along wide areas of the planet such as the South Amer
ican Andean Altiplano, the Tibetan Plateau, the Australian Desert and 
the inter-tropical planetary region in general (e.g., [7,10,12,17,31,34, 
36,37,40]). Color issues using the WHO [55] convention were first 
pointed out by Liley and McKenzie [35], expanded later in 

recommendations by Zaratti et al. [62]. Some attempts to distinguish 
between UVI values higher than 11 with colors had a merely demon
strative character and were not linked to the WHO [55] palette (e.g., 
[13,34,45,47]). Other practical example is given by the TEMIS/ESA 
(Tropospheric Emission Monitoring Internet Service), whose world UVI 
data (https://www.temis.nl/uvradiation/UVindex.php) are deployed in 
an alternative default color map to show a wider range of variability 
than allowed by the WHO [55] palette for UVI values ≥ 11. 

UVI maps show strong regional gradients caused primarily by surface 
elevation and albedo in the clear-sky case, while clouds impinge sig
nificant additional gradients. In turn, measurements and calculations of 
solar UVI are often presented over the background of the defined UVI 
color palette to emphasize the relation of UVI values with health risk. 
Then, counting with an adequate color palette for unit UVI values is 
crucial to distinguish the UVI at all geographic scales and in the whole 
range of possible UVI registers. Taking the WHO [55] risk-ranges UVI 
color palette as a reference, the color palette for unit UVI values 
(UCPUVI) is wholly revisited in this work. A revised UCPUVI is proposed 
that solves each detected inconsistency, to be considered for its imple
mentation as an updated version of the recommended WHO [55] 
UCPUVI. 

2. Generation of the new color palette for unit UVI values 

As the WHO [55] document specifies, the choice of colors in the 
risk-ranges UVI color palette was not made on a scientific basis, 
although it responds to the color wheel structure firstly defined by 
Newton [48] and the color risk identification can be associated presently 
to the “traffic light logic”. Given that the UVI is a dimensionless 
expression of the erythemal UV irradiance, then a real number not 
rounded in many applications, the UVI limit values for each range are 
explicitly detailed from now on. So, green color is assigned to 0 ≤ UVI <
3 (“Low” risk), yellow color to 3 ≤ UVI < 6 (“Moderate” risk), orange 
color to 6 ≤ UVI < 8 (“High” risk), red color to 8 ≤ UVI < 11 (“Very 
High” risk), and violet color to UVI ≥ 11 (“Extreme” risk). In the WHO 
[55] document the reference colors for the risk-ranges UVI color palette 
are given in Pantone Matching System (PMS) color code. At present, the 
most used Pantone code in graphic design applications is PMS “C” for 
printing on coated paper, and its use can be considered an update that 
this work proposes. For greater detail, Table 1 presents the risk-ranges 

Table 1 
UVI color palette by risk ranges [55].  
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Table 2 
Proposed unit UVI color palette (left) and WHO [55] unit UVI color palette (right).  

E. Luccini et al.                                                                                                                                                                                                                                  



Journal of Photochemistry and Photobiology 15 (2023) 100180

4

UVI color palette in force using the WHO [55] PMS numbers now in PMS 
“C” code, as well as in other commonly used codes: Hexadecimal or 
Hyper Text Markup Language (Hex/HTML), Red, Green, Blue 24-bit 
(RGB), Cyan, Magenta, Yellow, Black (CMYK), Hue, Saturation, Light
ness (HSL), and Hue, Saturation, Value (HSV). This risk-ranges UVI color 
palette constitutes the basis for the development of the revised UCPUVI 
proposed in this work. 

2.1. Criteria to generate the new color palette for unit UVI values 

The palette of colors for unit UVI values presented in the Annex D of 
the WHO [55] document contrasts and presents inconsistencies with the 
risk-ranges UVI color palette that the same document standardizes (as an 
example, even the single violet color that identifies the “Extreme” risk 
range is different in both WHO [55] palettes). Then, a revised color 
palette for unit UVI values was developed, according to the following 
criteria:  

- The new UCPUVI must be based on the standard risk-ranges UVI color 
palette [55], i.e., the color tones of the new UCPUVI must obey, 
within each risk level, the color structure of Table 1. To achieve this 
more rigorously, each color in the risk-ranges UVI color palette 
(Table 1) must be part of the new UCPUVI, constituting a unit UVI 
tone within its corresponding risk-range color.  

- When applied to maps and graphs, the new UCPUVI must primarily 
allow identifying the color bands by risk ranges, to later differentiate 
in greater detail (if necessary, with sufficient magnification) the 
tones within each color for unit UVI values. A clear visualization 
must be achieved both on screen in different devices and printed in 
different types of paper.  

- As in the presentation of the risk-ranges UVI color palette in Table 1, 
each color tone in the new UCPUVI must be identified in the principal 
commonly used color codes, particularly in PMS given the multiple 
applications of PMS-coded colors, although the significantly smaller 
number of available tones in the PMS C code (approximately 15,000) 
constraints the selection compared to those provided by RGB 24-bit 
(more than 16,000,000).  

- The new UCPUVI must allow distinguishing between unit values for 
UVI ≥ 11 in maps and graphs. This solution must be obtained from 
the violet color that defines the “Extreme” range in the risk-ranges 
UVI color palette (Table 1). 

Following the procedure detailed in Appendix A, the proposed 
UCPUVI was determined according to the aforementioned guidelines. It is 
shown in Table 2-left, together with the WHO [55] UCPUVI 
(Table 2-right) for comparison. Even though the new palette could not 
be elaborated on the base of rigorous technical algorithms (e.g., [23,29, 
30,43,50,58,61]) nor perceptual criteria (e.g., [5,9,11,19,20,28,52,59]), 
a basic colorimetric analysis, shown in Appendix B, provides technical 
support to the proposed UCPUVI. The following section details the in
consistencies detected in the WHO [55] UCPUVI, and the solution that 
the new UCPUVI supplies to each of them. 

3. Detected inconsistencies and proposed solutions 

This section details the inconsistencies detected in the WHO [55] 
UCPUVI (Table 2-right), as well as the solution provided by the proposed 
UCPUVI (Table 2-left) to each of them. 

3.1. Coherence between the UCPUVI and the risk-ranges UVI color palette 

The WHO [55] UCPUVI (Table 2-right) presents several tones that do 
not correspond with the risk-ranges UVI color palette (Table 1), such as 
orange tones in the “Moderate” range, a tone of red color in the “High” 
range, a tone of violet color in the “Very High” range and, as mentioned, 
the single violet color that identifies the “Extreme” risk range is different 

in both WHO [55] palettes. On the other hand, Table 2-right does not 
present any tone extracted from Table 1, resulting in a disconnection 
between the UCPUVI and the risk-ranges UVI color palette. Both aspects 
are resolved in the proposed UCPUVI (Table 2-left), since it consists 
exclusively of tones of the corresponding color in each risk range: green 
for “Low” risk, yellow for “Moderate” risk, orange for “High” risk, red for 
“Very High” risk, and violet for “Extreme” risk. As an additional link, the 
new UCPUVI incorporates the colors from Table 1 as one of the tones in 
its corresponding risk range. 

3.2. Distinction between UVI values in the range 0 to 2 

In the WHO [55] UCPUVI (Table 2-right) the UVI levels between 
0 and 1, and between 1 and 2 are indistinguishable, both under the same 
tone of green. This is solved in the proposed UCPUVI (Table 2-left) with 
three different tones of green for UVI between 0 and 1, between 1 and 2 
and between 2 and 3 within the “Low” risk level, one of whose tones (2 ≤
UVI < 3) is now the PMS 375 C from Table 1. This is a crucial 
improvement, given recent calls for attention to flawed protection 
messages that do not take exposure time into account, especially for UVI 
< 3 (e.g., [38,41]). Official UVI remarks [25] took these concerns, that 
long exposure times can still lead to harm health effects even in the 
“Low” risk range, when the balance with beneficial effects of solar UV 
exposure becomes critical. 

3.3. Extension of the limit to distinguish unit UVI values up to 21+

The proposed UCPUVI (Table 2-left) contains a gradient of tones that 
become lighter as the UVI increases in the “Extreme” risk range, 
allowing the distinction between unit UVI values higher than 11 that 
daily occur in large regions of the world. It was elaborated on the base of 
the PMS 265 C violet color that defines the “Extreme” range in Table 1, 
assigned in the proposed UCPUVI to 14 ≤ UVI < 15, with systematic 
lightening (darkening) in steps of 9% for smaller (greater) values until 
the white color that is reached for UVI of 21 or higher. The threshold 
value of 21 to distinguish tones in the new UCPUVI is considered 
appropriate for two key aspects: as an easily identifiable number with 
respect to the UVI value of 11 at which the “Extreme” risk level begins, 
and as a threshold representative of the maximum UVI values that are 
often registered throughout the world. 

3.4. Clarification of the boundaries between each unit and each risk level 

Even when the disclosure of the UVI to the public is typically done in 
the form of integer numbers under some rounding criteria [55], it must 
always be borne in mind that at all situations (measurements, calcula
tions, graphs, maps, etc.) the UVI represents a real number that ex
presses the erythemal UV irradiance in a dimensionless unit. To properly 
identify which risk level and color a given UVI value corresponds to, the 
limits between UVI intervals must be explicitly established in both 
palettes, as now in Table 1 and Table 2-left. 

3.5. Palette supplied in the most used color codes 

To establish a precise and unambiguous standard, the UCPUVI pro
posed in Table 2-left is detailed in Appendix C in the same set of 
commonly used color codes than the risk-ranges UVI color palette shown 
in Table 1. 

4. Applications 

Fig. 1 shows the proposed UCPUVI (Fig. 1-left) and the WHO [55] 
risk-ranges UVI color palette (Fig. 1-right) as a background for UVI 
measurements at the tropical high-altitude La Quiaca station (22.11◦S, 
65.57◦W, 3459 m a.s.l.) in the Argentine Andean Plateau [10]. Data 
were recorded every 1 min with a traceably calibrated sensor [49] 
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Fig. 2. (left) Conversion to luminance of the new UCPUVI from Fig. 1-left, and (right) luminance of the WHO [55] UCPUVI.  

Fig. 1. Application of the proposed new UCPUVI (left) and of the standard color palette by risk ranges [55] (right) to UVI measurements recorded every 1 min during 
07 January 2013 (under clear-sky conditions) and 15 January 2013 (with scattered clouds) at La Quiaca station (22.11◦S, 65.57◦W, 3459 m a.s.l.) of the Argentine 
UV Monitoring Network. 
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during two days of January 2013. UVI values over 17 can be registered 
during a clear-sky day close to the summer solstice (07 January 2013). 
Meanwhile, under certain conditions including the presence of scattered 
cumulus clouds around the sun’s position, UV radiation can be intensi
fied for several minutes up to UVI values higher than 23 as measured on 
15 January 2013. The proposed UCPUVI (Fig. 1-left) exhibits full 
coherence with the risk-ranges UVI color palette (Fig. 1-right), allowing 
firstly to identify the color bands corresponding to each health risk in
terval, and next a clear distinction between unit UVI values even in the 
“Extreme” risk range. 

According to the development guidelines detailed in Appendix A, 
and the luminance analysis explained in Appendix B, Fig. 2-left presents 
the conversion to luminance of Fig. 1-left where the proposed UCPUVI is 
applied, showing smooth alternate luminance gradients that would 
allow still a clear identification of unit UVI levels in grayscale plots and 
maps. On the other hand, Fig. 2-right, that shows the conversion to 
luminance of the WHO [55] UCPUVI, presents an irregular alternation of 
high and low luminance levels and a homogeneous luminance for UVI ≥
11, that seriously limit the capability of discerning between unit UVI 
values in grayscale plots and maps. 

Fig. 3 shows the global maps of noon all-sky UVI data retrieved by 
CERES (Clouds and the Earth’s Radiant Energy System) [51] during days 
close to the solstices of year 2020, 21 June (Fig. 3-top) and 21 December 
(Fig. 3-bottom). The advantages that the new UCPUVI (Fig. 3-left) offers 
to observe regional features in the UVI values are evident compared to 
the WHO [55] UCPUVI (Fig. 3-right). In Appendix D, these advantages 
are emphasized on regional zooms within the global maps of Fig. 3, and 
on an example of ozone hole event over Antarctica and its surroundings. 

5. Discussion and conclusions 

Based on the standard UVI color palette by risk ranges [55], a 
comprehensive proposal has been presented to improve their associated 
color palette that allows distinguish details by UVI units. It corrects 
detected inconsistencies and extends the possibility of discerning in 
plots and maps between unit UVI values greater than 11, daily recorded 
in large regions of the world in the “Extreme” health risk range. 
Considering that the current WHO UVI convention has been used by the 
scientific and by the global public communities for more than 20 years, 
the WHO [55] standardized color structure of the palette by risk ranges 
could remain unalterable. According to this premise, the elaboration of 
the proposed color palette for unit UVI values is based on it. Neverthe
less, if a major revision were considered appropriate it was noted, within 
the different tested alternatives, that a gradient of burgundy (e.g., PMS 
187 C) or purple (e.g., PMS 246 C) tones for the 11+ “Extreme” risk 
range could give even better results in both aspects: the continuity of the 
red colors from the “Very High” risk level and to improve the visual 
identification of unit UVI values over 11. 

Unlike the current situation, where the application of innumerable 
locally defined ad-hoc color palettes leads to confusion in interpreting 
and comparing UVI graphic information, the implementation of the 
proposed color palette for unit values of the UV Index as a new inter
national standard, or an eventual alternative that similarly overcomes 
the detected inconsistencies, would imply significant improvements. 
The availability of both coherent UV Index color palettes, by risk ranges 
and for unit UVI values, would promote the use of uniform standards by 
the scientific community to present and analyze their research results, 
and by the national weather agencies that daily publish the UV Index 
forecast and information. Consequently, this would boost its general use 
by all other official and private UVI information systems, achieving 

Fig. 3. Application of the proposed UCPUVI (left) and comparison with the WHO [55] UCPUVI (right) to noon all-sky daily global UVI data provided by CERES 
(https://ceres.larc.nasa.gov/index.php) for 21 June 2020 (top) and 21 December 2020 (bottom). 
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more efficiently the purpose of the UVI as crucial public health care tool 
to prevent excessive unprotected exposure to the sun. Revisions carried 
out by WHO-convened official commissions that periodically evaluate 
the UV Index guidelines and performance, such as the cited from 2011 to 
2015 UVI working group workshops, are the appropriate environment to 
gather and promote the proposals towards the approval of new stan
dards. Given that the latest official remarks on UVI guidelines date back 
to the year 2018, a prompt approach to these issues, taking a new step 
towards even better UVI standards, would be highly recommended. 
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Appendix A 

Procedure to generate the new UCPUVI 

Since color perception depends on a huge variety of conditions, including those inherent to the observers themselves (e.g., [21]), the definition of a 
revised standard UCPUVI intended for millions of people around the world requires an objective methodology, to select the color tones on technical 
aspects. In the RGB code, a tone obtained by darkening or lightening of a given color is defined by the following equation: 

CT
̅→

= CO
̅→

± 255 ∗F ∗ C1
̅→ (eA1) 

Where CT
̅→ and CO

̅→ are the “color vectors” in the RGB space whose components are the integer numbers that represent each RGB component (in the 
range [0–255]), for the obtained tone ( CT

̅→, defined under some rounding criteria if necessary) and for the original color ( CO
̅→). C1

̅→ is the color vector 
with components (1,1,1) and F is the fraction of darkening (applying the “-” sign in equation eA1) or lightening (applying the “+” sign in equation eA1) 
with respect to the original color. For example, F equals 0.15 for a 15% darkening or lightening. Truncation is applied at 0 or 255 in case that any of the 
RGB components of CT

̅→ exceeds these limits when applying equation (eA1) for the generation of the different tones. 
Then, based on the criteria detailed in Section 2.1, the proposed UCPUVI was established according to the following stages:  

1) An appropriate assignment of each color in Table 1 to an appropriate UVI level in the new UCPUVI was sought, according to its tone. Thus, PMS 375 
C was assigned to the unit range 2 ≤ UVI < 3, PMS 102 C to 4 ≤ UVI < 5, PMS 151 C to 7 ≤ UVI < 8, PMS 032 C to 8 ≤ UVI < 9 and PMS 265 C to 14 
≤ UVI < 15.  

2) Preliminary color tones in RGB 24-bit code were established for unit UVI values within each risk range from Table 1 in the interval 0 ≤ UVI < 11, 
based on the darkening or lightening in 10% steps of the corresponding color in Table 1, using equation (eA1). From these, a basic unit UVI RGB 
palette was selected, allowing a clear visualization under a wide variety of tests: on different types of screens (PCs, notebooks, cell phones and 
tablets), under different conditions of brightness and contrast, varying the viewing angle of the user regarding the screen, as well as printing tests 
both in color and in grayscale on different types of paper.  

3) Once these basic unit UVI tones in the range 0 ≤ UVI < 11 were defined in RGB code, the closest colors to each of them in PMS C code were 
identified and selected.  

4) When several PMS C tones of a given color seemed appropriate for a unit UVI level, the selection was guided by the luminance gradient criteria (see 
Appendix B) to make each tone distinguishable from its immediate neighbors also in grayscale.  

5) Finally, for UVI ≥ 11, darkening and lightening tests using equation (eA1) were carried out in different percentages from the PMS 265 C color 
(Table 1) to generate the tones of violet color that allow discernment between unit UVI values in the “Extreme” risk level. A gradient in systematic 
percentages of 9% was found appropriate, with the white color characterizing uniformly the range UVI ≥ 21. 
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Appendix B 

Basic colorimetric analysis of the proposed UCPUVI 

As detailed in Section 2, the determination of tones for the new UCPUVI (Table 2-left) was based on the colors of the standard WHO [55] risk-ranges 
UVI color palette (Table 1), prioritizing tones that are identifiable in the most widely used color codes, including PMS C which has fewer available 
options. Once established the new UCPUVI, it is important to rank the choice by verifying that certain colorimetric analysis criteria are met. A guideline 
to verify is that two colors are clearly distinguishable (by people without alterations in visual perception) if they are far enough apart in the 3D RGB 
space. The procedure to establish the revised UCPUVI, detailed in Appendix A, requests that the “colors” (that is, the set of tones corresponding to each 
color within the risk-ranges UVI color palette) were appropriately grouped and separated from each other. The 3D RGB graphical representation of 
Figure B1-left shows that this guideline is accomplished by the new palette. On the contrary, Fig. B1-right demonstrates that in the WHO [55] UCPUVI 
there is no possible identification of color “groups” consistent with the WHO [55] risk-ranges UVI color palette. Additionally, the appropriate sep
aration between consecutive tones within each color in Figure B1-left is a good indicator of the ability to distinguish each tone from its immediate 
neighbors in the proposed palette. Likewise, the straight line in the 3D RGB space of Figure B1-left, that represents the progressive lightening of violet 
tones for UVI values from 11 upwards, is consistent with equation (eA1) with the percentages accounted in Table 2-left, and the departure from the 
straight line towards the white color is the result of truncation in 255 in equation (eA1). 

Other crucial test is the capability of the UCPUVI to distinguish immediate neighbor values even in the grayscale of monochrome (black and white) 
screens or printers, achieved by performing a transformation to luminance (Y) as defined under the National Television Systems Committee (NTSC) 
standards [24], according to the equation: 

Y = (0.30 ∗R+ 0.59 ∗G+ 0.11 ∗B)/255 (eB1)  

where R, G and B take their current values in the range [0–255]. 
Obviously, an optimal color palette would have a monotonous luminance gradient to infer features and values unambiguously also in grayscale 

[42]. Even though this is not strictly feasible in our case, where the color selection for the revised UCPUVI is constrained to the standard WHO [55] 
risk-ranges UVI color palette, a smooth alternation of few luminance gradients across the palette is desirable rather than numerous random luminance 
jumps. 

Fig. B1. 3D graphical representation in the RGB space of the proposed UCPUVI (left) and the WHO [55] UCPUVI (right).  
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Appendix C  

Table C1 
Proposed new color palette for unit UVI values, in the main standard color codes.  

(continued on next page) 
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Table C1 (continued ) 
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Appendix D 

Regional details revealed by the proposed UCPUVI 

The advantages that the new UCPUVI offers to observe regional features in the UVI values, compared to the WHO [55] UCPUVI, is highlighted in 
Figs. D1 and D2 that represent geographical zooms on the maps of Fig. 3 for South America (Fig. D1) and for the Tibetan Plateau (Fig. D2), regions with 
strong UVI gradients and extreme values that widely exceed 11 during great part of the year, emphasizing the reliability of the new UCPUVI 
(Figures D1-left and D2-left) to distinguish territorial details in both the high spring-summer and the low autumn-winter UVI values. Fig. D3 presents a 
critical situation where the necessity to observe high-level and high-gradient UVI regional features is crucial, as the case of an Antarctic ozone hole 
event overpassing continental areas of southern South America and its surroundings like that registered by CERES data on day 01 December 2020. The 
new UCPUVI, applied in Fig. D3-left, proves to be much more efficient in displaying those details. It is interesting to note that the CERES UVI value 
determined under noon clear-sky conditions on day 01 December 2020 at the pixel containing Palmer Antarctic station (64.77ºS, 64.05ºW, 21 m a.s.l.) 
is 12.6, indeed in the range of maximum historical ground-based measurement registers at this site [6]. 

Fig. D1. Application of the proposed UCPUVI (left) and comparison with the WHO [55] UCPUVI (right) to a zoom on the maps of Fig. 3 spanning the territory of South 
America and its surroundings for 21 June 2020 (top) and 21 December 2020 (bottom). 
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Fig. D2. Application of the proposed UCPUVI (left) and comparison with the WHO [55] UCPUVI (right) to a zoom on the maps of Fig. 3 spanning the highlands 
territory of the Tibet and its surroundings for 21 June 2020 (top) and 21 December 2020 (bottom). 

Fig. D3. Application of the proposed UCPUVI (left) and comparison with the WHO [55] UCPUVI (right) to an overpass event of the Antarctic ozone hole through 
continental areas of southern South America and its surroundings during day 01 December 2020. Noon all-sky UVI data provided by CERES (https://ceres.larc.nasa. 
gov/index.php). 
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