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ABSTRACT: Recent work has shown that the words used in the Storm Prediction Center’s convective outlook are not
easily understood by members of the public. Furthermore, Spanish translations of the outlook information have also been
shown to have interpretation challenges. This study uses survey data collected from the Severe Weather and Society
Spanish Survey, a survey of Spanish speakers across the United States, to evaluate how U.S. residents receive, understand,
and respond to weather forecasts and warnings. For this experiment, respondents were tasked with ranking the words and
colors used in the SPC’s convective outlook. They were randomly assigned either 1) the words originally used by the SPC
for Spanish translations or 2) a set of words suggested by linguistic experts familiar with Spanish dialects in the United
States. We find Spanish speakers have similar challenges to English speakers when ordering the words the SPC uses. When
using the translations proposed by the linguistic experts, we find the majority of Spanish speakers ranked the words in the
intended order of associated risk. Spanish speakers also displayed similar ranking distributions for the colors in the outlook
as English speakers, where both groups ranked red as the highest level of risk. These findings suggest the original transla-
tions used by the SPC convective outlook create barriers for Spanish speakers and that the expert translations more effec-
tively communicate severe weather hazards to Spanish-speaking members of the public.

SIGNIFICANCE STATEMENT: The SPC’s convective outlook provides important information about the risk posed
by severe storms to members of the public. While the SPC had official Spanish translations for the categorical labels
used in the outlook, it was believed anecdotally that there was a disconnect between the words the SPC was using and
the way the translated outlook was being interpreted by Spanish-speaking members of the public. This work verifies
previous beliefs about the original translation set and confirms the reliability of a new set of translations developed by
linguistic experts among Spanish-speaking members of the public.

KEYWORDS: Social Science; Operational forecasting; Communications/decision making

1. Introduction and background

The Storm Prediction Center’s convective outlook}which is
derived from a probabilistic forecast of a severe weather event
occurring within 25 miles of a point between one and eight
days out}has undergone many changes since its inception in
1973 (Corfidi 1999; Ernst et al. 2021). The most significant
change to the outlook was the addition of the Marginal and
Enhanced categories in 2014 to expand the number of risk cat-
egories from three to five: Marginal, Slight, Enhanced, Moder-
ate, and High (Edwards and Ostby 2015, Fig. 1). Recent work
has shown that English-speaking members of the U.S. public
have difficulty ranking the five categories by perceived risk in
the official order used by the Storm Prediction Center (SPC),
often switching Marginal with Slight and Enhanced with Mod-
erate (Ernst et al. 2021). This same research also showed that

members of the public tend to rank the color red as conveying
the highest level of risk when it is intended to indicate the
second-highest risk level in the product (Ernst et al. 2021).
Other recent work has aimed to offer more intuitive communi-
cation methods for the outlook, suggesting the use of numbered
levels (e.g., Slight is a Level 2 of 5 risk), but these changes have
yet to be officially adopted by the SPC (Krocak et al. 2022b).

The SPC risk categories were first introduced in the Spanish
language in 2015. With the introduction of the five-category
outlook in 2014, the SPC consulted with a bilingual meteorol-
ogist to translate the risk categories, which were operational-
ized a year later. The five risk categories were translated to
Mı́nimo, Leve, Elevado, Moderado, and Alto (Fig. 2). The
words became a part of the NWS Spanish to English dictio-
nary and practiced across operations. As with the English
words, many scientists and communicators have anecdotally
suggested this set of Spanish translations of the categorical la-
bels may be inadequate at communicating meteorologists’ in-
tent to members of the public (Trujillo-Falcón et al. 2021).

While the SPC already used a set of official translations for
its risk categories}translating Marginal, Slight, Enhanced,
Moderate, and High as Mı́nimo, Leve, Elevado, Moderado,
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and Alto}research into how bilingual broadcasters presented
the risk categories to their audiences showed inconsistencies,
with some stations adding in Ligero and Ampliado as the sec-
ond and third level risk words (Trujillo-Falcón et al. 2021).
One station even moved Elevado from its intended position
as the third category to the fifth, highest category. Inconsis-
tencies occurred because 1) broadcasters did not know of the
Spanish SPC risk categories and instead made up their own or

2) they disagreed with the official translation and created
terms that best resonated with their community (and dialect).
Although some stations used the then-official translations
used by the SPC, this wide range of word scales created incon-
sistencies in how severe weather risk was communicated to
the Spanish-speaking public.

Previous qualitative work has shown that television and radio
broadcasts are a particular asset when it comes to communicating

FIG. 1. The SPC risk categories for the convective outlook.

FIG. 2. An example of the original Spanish translations used by the SPC for its risk categories.
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messages about public health risks to Spanish-speaking commu-
nities (Arlikatti et al. 2014). Spanish-language media sources are
important partners in communicating extreme weather threats as
well, as some Spanish speakers prefer to receive warnings in
Spanish (Benavides and Arlikatti 2010). Given the importance of
television broadcasts for risk communication, Spanish-language
TV stations need to be prepared to aid in the dissemination of
weather warning information to local communities (Benavides
and Arlikatti 2010). A lack of emergency communication resour-
ces in other languages, however, makes it difficult for bilingual
practitioners to practice their profession. As of 2023, the United
States does not have an “official” English to Spanish dictionary
for weather and climate terminology (Trujillo-Falcón et al. 2021).
There are some entities with local reference materials, such as
the NWS and TV stations, but their translations at times do not
match up and can lead to inconsistency in emergency messages
(Trujillo-Falcón et al. 2022). The lack of a proper description of
the hazard can lead to minority linguistic groups, like Spanish
speakers, being forgotten in the emergency communication pro-
cess (Abukhalaf and von Meding 2021; Tripati et al. 2023;
Uekusa 2019). This leaves subsets of these groups more vulnera-
ble to disasters due to a lack of resources and trust (Méndez et al.
2020; Piller et al. 2020).

In addition to the importance of broadcast messaging de-
scribed above, it is particularly important to study Spanish-
speaking communities because disaster subcultures can lead
to a potential lack of familiarity with a hazard. Living in a cer-
tain “disaster subculture” means the community one is from
has developed strategies to address common recurring haz-
ards which might impact that community (Chan and Huang
2012; Wenger and Weller 1973). For example, moving to an
area regularly impacted by unfamiliar weather hazards can
lead to a lack of background knowledge and familiarity with
the impacts of an impending storm. Different regions in the
United States are more familiar and aware of certain types of
weather hazards}tornadoes in the Plains states and snow-
storms in the Northeast}and thus they are more prepared to
respond (e.g., Ripberger et al. 2020). The same is true for dif-
ferent Spanish-speaking countries, which can experience
widely variable weather hazards. The country a person or
their family comes from might not regularly experience the
types of weather hazards typical of certain parts of the United
States (Carter-Pokras et al. 2007). This leads to different di-
saster subcultures, meaning someone who has a background
from Haiti might have a cultural understanding of hurricanes
and be socialized to understand that type of hazard but not
have the same context for tornadoes or snowstorms (Wenger
and Weller 1973).

Risk communication barriers such as these have been ad-
dressed in fields outside of meteorology. Researchers have
worked to develop methods to improve the quality of transla-
tions used for research and real-world application purposes.
The concept of meaning-to-meaning translation is especially
important when communicating (Esposito 2001), as it requires
translators to not just translate words directly from one lan-
guage to another, but cultural context and overall concepts
trying to be delivered should also be taken into consideration
when creating translations (Morales et al. 2023). It is also

important to test translated messages with the communities
they are intended to be delivered to (Brelsford et al. 2019).
Cultural context and comprehensibility both need to be con-
sidered when translating, especially when trying to communi-
cate risk (Brelsford et al. 2019). While some previous work
has suggested that the use of slang of regional dialects can im-
prove comprehension of translations in local communities
(Hendricson et al. 1989), the work presented below aims to be
dialect neutral as it is intended for a national audience. De-
fined by Trujillo-Falcón et al. (2021), dialect neutral messages
ensure that information can be understood by everyone in a
language group, no matter what dialect they speak. Dialect
neutrality is important because Spanish-speaking communi-
ties are not monolithic. Just as Spanish speakers come from
different weather contexts, Hispanic heritage and location in
the United States can also lead to different regional dialects
that use the language differently. An example for English
speakers would be the regional use of the words “coke,”
“pop,” and “soda” to describe sugary carbonated beverages
in different parts of the United States. Furthermore, risk tol-
erance is defined at an individual level, and people have their
own concepts of uncertainty and risk (Joslyn and Savelli
2021). Therefore, it is especially important that the words
used to communicate risk and uncertainty are evenly under-
stood across languages and dialects.

Efforts to make translations more culturally relevant and
dialect neutral have similarly been made in the medical field.
Through decades of health communication research, Hsieh
(2016) developed a translation framework for medical inter-
preters to use that incorporated the worldviews of diverse
multilingual speakers. When translating health jargon that is
not often practiced routinely in a community, translations
needed to be 1) consistent among the medical field and
2) supplemented with educational campaigns to ensure every-
one understood the message (Hsieh 2016). However, when
considering risk terminology, medical interpreters need to
work hand-in-hand with language experts to ensure that dia-
lects and cultures do not get in the way of understanding and
response. Trujillo-Falcón et al. (2021) adopted the health
framework and applied it to the meteorological enterprise,
suggesting that risk terminology needs to be dialect neutral so
that all groups can equitably respond to weather warnings.
This process, then, was applied to the SPC outlook by John
Lipski’s Spanish Dialectology class at The Pennsylvania State
University, who studied different dialects in Spanish and de-
veloped a set of translations for the SPC convective outlook
risk categories in a dialect-neutral way (Trujillo-Falcón et al.
2021).

To evaluate the effectiveness of the linguist-suggested
translations from Trujillo-Falcón et al. (2021)}Mı́nimo, Bajo,
Moderado, Alto, and Extremo}this work tests the transla-
tions in a survey experiment with Spanish-speaking members
of the U.S. public. Following the advice of established health
and risk communication frameworks for translation (Hsieh
2016; Trujillo-Falcón et al. 2021), we first identify whether
translations are dialect neutral. To help future educational
campaigns, we also explore how effectively the translations
resonate across levels of English proficiency. Throughout this
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paper, the original set of translations from the SPC will be la-
beled as the “original SPC” translations because they were of-
ficial translations at the time the survey was fielded, and the
second set (from Trujillo-Falcón et al. 2021) will be referred
to as “linguist-suggested” translations.

Additionally, this paper looks at the colors associated with
the SPC risk categories. While colors have been shown to ex-
press similar meanings across cultures, some variation has been
observed in market research (Adams and Osgood 1973; Jacobs
et al. 1991). Furthermore, previous research has demonstrated
the importance of testing graphics and visualizations with their
target audience (Braun and Silver 1995). In some risk communi-
cation contexts, red has been shown to convey the highest level
of risk (Braun and Silver 1995), though it was not being com-
pared with magentas or purples, which are popular colors used
by the National Weather Service to convey levels of risk higher
than the level indicated by red. The use of color in graphics has
also been shown to be an important factor for members of the
public in their ability to discern information from weather
graphics (Hogan Carr et al. 2016; Gulacsik et al. 2022). How-
ever, for color scales to be effective at communicating risk, they
must be intuitive, and a person’s intuition can be shaped by
their cultural context (Hogan Carr et al. 2016). Challenges in in-
terpreting the colors used by the SPC have been observed
among English speakers (Ernst et al. 2021), so we wanted to
evaluate whether or not similar challenges exist among Spanish
speakers.

After discussion of the results of this study with SPC lead-
ership, the SPC changed the words it uses to translate the con-
vective outlook to the linguist-suggested set. The SPC now
usesMı́nimo, Bajo, Moderado, Alto, and Extremo for Spanish
language communications of the outlook.

2. Data and methods

a. Survey

The data for this study come from the Severe Weather and
Society Spanish Survey, a survey of Spanish speakers across
the United States (Krocak et al. 2022a). This survey gathered
data on respondents’ understanding of severe weather fore-
casts, warning systems, and preparedness actions, as well as a
series of single-issue experiments. It was based off the Severe
Weather and Society Survey that has been distributed in
English by OU’s Institute for Public Policy Research and
Analysis (IPPRA) for the past five years (see https://
dataverse.harvard.edu/dataverse/wxsurvey for more informa-
tion on the full Extreme Weather and Society Survey series).
The Severe Weather and Society Spanish Survey was con-
ducted using the Internet survey platform Qualtrics, which
maintains an Internet panel of people who agree to take on-
line surveys and garnered 1050 respondents in 2021. Due to
the opt-in and fluent nature of the Qualtrics sampling pro-
cess, it was not possible to calculate a response rate. In place
of response rates, researchers using this type of sampling
approach generally report completion rates, which indicate
the proportion of respondents who complete the survey once

they begin (Callegaro and DiSogra 2008). For this survey,
the completion rate was 0.80 (1050/1307 5 0.80).

Respondents for the Severe Weather and Society Spanish
Survey comprised a nationally representative sample of the
Spanish-speaking public in the United States (Table 1). The
survey slightly oversampled females, who made up 60.76% of
respondents, as well as non-Hispanic Spanish speakers, who
make up 6.4% of the population but were represented by 21.71%
of respondents in the survey. To measure possible differences in
dialect, respondents were asked to identify their Hispanic origin.
In response to this question, 31.52% said they were of Mexican
descent, 15.43% said Puerto Rican, 5.33% said Cuban and
26% said they were from another Hispanic or Spanish-speaking
country. While many Spanish speakers in the United States are
second- and third-generation residents and beyond, this survey
did not ask respondents to provide this information.

The sample also roughly matches where U.S. Spanish speak-
ers live when broken out by NWS region (see Table 1). It was
important to this study to have diversity in Hispanic origin and
U.S. region. As previously noted, different Spanish-speaking
countries use different regional dialects, and regional dialects
can also form in different parts of the United States. A driving
factor in this study is finding a set of translations for the SPC
convective outlook that is dialect neutral.

Spanish speakers in the United States also have varying levels
of English proficiency. While the distribution of self-reported
level of English proficiency in the sample of respondents was
largely representative of the U.S. population as a whole (as

TABLE 1. Demographic representation of the Hispanic/Latinx
respondents. The asterisk indicates that population estimates
were obtained from the American Community Survey microdata
records, made available by IPUMS USA (http://www.ipums.org)
(Ruggles et al. 2021).

U.S. Spanish speakers
(Census 2020*)

Survey
respondents

Age
18–34 35% 46%
35–64 52% 50%
651 13% 4%

Sex
Female 50% 61%
Male 50% 39%

Origin (heritage)
Not Hispanic 6% 22%
Mexican 55% 32%
Puerto Rican 8% 15%
Cuban 5% 5%
Other Hispanic 27% 26%

Speaks English
No, not at all 8% 3%
Yes, but not well 16% 16%
Yes, well 19% 27%
Yes, very well 57% 54%

NWS region
Eastern region 20% 28%
Southern region 37% 38%
Central region 9% 10%
Western region 34% 25%
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seen in Table 1), we recognize the survey under sampled the
most vulnerable populations (i.e., those who indicated they do
not speak English at all). There were also variations between
the survey sample and the Census in the distributions for age
and gender. Only 4% of survey respondents were age 65 and
older, compared to 13% of the Spanish-speaking U.S. public,
which is likely due to the challenges of reaching older popula-
tions through online survey platforms. To overcome these po-
tential limitations, poststratification weights were used in the
data analysis to adjust for the differences in the sample and the
population, thus allowing the results to reflect the population
more closely.

b. Experimental design

Our first experiment was developed to address two research
questions:

1) How do Spanish-speaking members of the U.S. public in-
terpret the risk communicated by the original set of trans-
lations for the SPC risk categories?

2) How do Spanish-speaking members of the U.S. public in-
terpret the risk communicated by the proposed linguist-
suggested translations?

To compare the performance of the original translation set
with the performance of the linguist-suggested set, respond-
ents were randomly shown only one of the two sets of words,
with 519 respondents given the original SPC set and 531 shown
the linguist-suggested set (see Fig. 3). Depending on which set
of words a respondent was assigned, those words appeared in
a random order on the screen.

The question was phrased as follows:
The National Weather Service Storm Prediction Center

uses the following phrases to describe the risk of severe thun-
derstorms and tornadoes. We want to know what these
phrases mean to you. Can you rank them from one (lowest
risk) to five (highest risk)?

Translation: El Centro de Predicción de Tormentas del
Servicio Nacional de Meteorologı́a utiliza las siguientes frases
para describir el riesgo de tormentas severas y tornados. Quere-
mos saber que significan estas frases para usted. >Puede catego-
rizarlas desde 1 (el riesgo es menor) hasta 5 (el riesgo es
mayor)?

In the second experiment, respondents were also asked to
rank by perceived risk the colors associated with the risk cate-
gories. Since there are no translations related to color, the
question was the same for all respondents. The question was
phrased like this:

The Storm Prediction Center also uses colors to describe
the risk of severe thunderstorms and tornadoes. We want to
know what these colors mean to you. Can you rank these col-
ors from one (lowest risk) to five (highest risk)?

Translation: El Centro de Predicción de Tormentas también
utiliza colores para describir el riesgo de tormentas severas y
tornados. Queremos saber que significan estos colores para
usted. >Puede categorizarlas desde 1 (el riesgo es menor) hasta 5
(el riesgo es mayor)?

Just as with the words, the colors initially appeared in a ran-
dom order on the screen. Colors were asked about indepen-
dent of words, meaning the words and colors were not
displayed together for either question, but the two questions
were asked on the same page of the survey.

3. Results

a. Original SPC translation

These results are presented using three different methods:
the proportions of respondents who chose each word at each
place in the five-word order; the mean ranking, which shows
the mean overall placement of each word on a 1–5 scale; and
the common complete answers, which look at the full set of
words submitted by the respondents. In this analysis, a lower
ranking for a word indicates a lower level of perceived risk
and a higher ranking indicates the word communicates a
higher level of risk. For example, in the discussion of these re-
sults the “first word” refers to the word that is intended to
communicate the lowest level of risk (i.e., Mı́nimo), and the
fifth word refers to the word intended to communicate the
highest level of risk (i.e., Alto in the original SPC translations
and Extremo in the linguist-suggested translations).

For the original SPC translation set, the intended order
from lowest to highest perceived risk is Mı́nimo, Leve, Ele-
vado, Moderado, and Alto. Respondents who saw the original
SPC translation set tended to put the intended first two words,
Mı́nimo and Leve, in the intended order, but only Mı́nimo
was placed in the intended position by a majority of respond-
ents (Fig. 4). The greater challenge came with the final three
categories, Elevado, Moderado, and Alto. These categories
are used in the original SPC set to express a higher level of se-
vere weather risk, so it is arguably even more important that
the public interprets the same level of risk from these words
as the SPC intends. Just under 62% of respondents who were
shown the original SPC translations rated Moderado as the
third word, while it occurs as the fourth word in the original
SPC ordering. This means the SPC was using Moderado to
communicate a higher level of risk of severe weather relative
to how Spanish-speaking members of the public understood
it, since respondents overwhelmingly favored using Moderado
to express a 3 out of 5 risk level while the SPC was using it for
a 4 out of 5 risk level. However, Elevado was intended to

Fig. 3. The SPC risk categories in English, the original Spanish
translation set, and the linguist-suggested translation set.
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convey this third level of risk, but only 7.5% of respondents
placed it at 3 out of 5. Further confusion appeared in the
rankings for the fourth and fifth word, where Elevado and
Alto were closely ranked, with mean rankings of 3.87 for
Elevado and 3.93 for Alto (Fig. 7). Respondents placed
Elevado as a level four out of five risk when it was intended to
represent the third level of risk, while Alto was the second
most commonly chosen response for the fourth risk word.
Conversely, over 42% of respondents ranked Alto fifth, but
Elevado was chosen to express the highest level of risk by
36.5% of respondents. Again, Elevado, which was intended
by the SPC to represent the middle level of risk from severe
weather, seems to be interpreted by the Spanish-speaking
public to express a higher level of risk.

While the mean rankings paint a telling picture, the most
common complete rankings from respondents are even more
revealing. The most common rankings, as shown in Fig. 5,
list the number of respondents who submitted a particular or-
der of words as their answer to the survey question. For exam-
ple, the most commonly answered rank order for those who
were shown the original SPC translation set was “Mı́nimo,
Leve, Moderado, Elevado, Alto,” with 21.4% of respondents
submitting this answer. The intended order of the original
SPC translations}“Mı́nimo, Leve, Elevado, Moderado, Alto”}
was submitted by 0.81% of respondents. This means the Spanish
words the SPC was using were not interpreted by Spanish-
speakingmembers of the public in the sameway the SPC intended.
This is problematic because it can lead to miscommunications

FIG. 4. The proportion of responses for each word at each potential placement in the order of
the categories for the original SPC translation set.

FIG. 5. The complete common responses to the survey questions broken down by translation set.
The intended order of the words is indicated in red.
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between the SPC and Spanish speakers when trying to con-
vey the level of risk the public faces from a severe weather
event.

b. Linguist-suggested translations

The set of translations suggested by the linguistic experts
fared considerably better than the original SPC translations.
As a reminder, the intended order of the linguist-suggested
translations from lowest to highest perceived risk is Mı́nimo,
Bajo, Moderado, Alto, and Extremo. For this set, Mı́nimo (the
intended first word) and Bajo (the intended second word)
were ranked consistent to the intended order, though at
slightly lower rates}47.1% of people rankedMı́nimo first and

41.8% put Bajo second}as compared to Mı́nimo (54.4%
ranked first) and Leve (46.4% ranked second) in the SPC’s
original translation set (Figs. 4 and 6). Unlike the original SPC
translation, the linguists suggested the use of Moderado as the
third highest risk word, and it was ranked third at a similar
rate (62% of respondents placed it third in the original SPC
set compared to 54% for respondents who saw the linguist-
suggested set) and mean ranking (2.91 for the original SPC set
and 2.83 for the linguist-suggested set out of 5) across both
sets. In this case, however, the preference of the respondents
matched the word order intended by the linguists (Fig. 7).

The words indicating the two highest levels of risk in the
linguist-suggested translation set are Alto and Extremo, in

FIG. 7. The mean placement of each word in the given translation set is indicated by the dots in
the above plot.

FIG. 6. The proportion of responses for each word at each potential placement in the order of
the categories for the linguist-suggested translation set.
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that order. The proportion of respondents putting these two
words in the intended order was higher than the other words
in the set, with 58.2% of respondents ranking Alto in fourth
and 63.3% putting Extremo in fifth (Fig. 6). There is also clear
separation in their mean rankings. Alto had a mean ranking
of 3.56 out of 5, and Extremo’s mean ranking was 4.01 out of
5(Fig. 7), indicating that respondents had a clear preference
to use Alto for the second highest level of risk and Extremo to
communicate the highest level.

Looking again at the most common complete rankings, the in-
tended order for the linguist-suggested translations}“Mı́nimo,
Bajo, Moderado, Alto, and Extremo”}was also the most com-
monly submitted answer. Over 33% of people submitted this
ranking (Fig. 5). This makes the linguist-suggested translations
the most commonly submitted answer by proportion across both
sets of translations. The second most common ranking, submit-
ted by 9.43% of respondents, saw respondents flip Bajo and
Mı́nimo but keep the next three words in the intended order.
Again, in the linguist-suggested translation set, we see less dis-
connect between the intended order of the risk category words
and the order most commonly preferred by respondents, result-
ing in more consistency in communicated and perceived risk.
Given that a third of respondents submitted the complete in-
tended order when shown the linguist-suggested translations, it
appears this translation set is more intuitive for Spanish speakers
and may allow the SPC and other agencies to better communi-
cate the potential level of risk posed by severe weather.

c. Comparing the original and linguist-suggested SPC
translations

Comparing these two translation sets, the linguist-suggested
translations are interpreted in the intended order by respond-
ents more often than the original SPC translations set. While
the two lowest levels of risk, Mı́nimo and Leve or Mı́nimo
and Bajo, are generally ranked in the intended order, there is
a preference across both sets of respondents for Moderado to
be associated with the third level of risk (Fig. 7). This

indicates Spanish speakers identify a “middle” level of risk
with the meaning of the word Moderado. Finally, the words
used for the two highest levels of risk are more widely under-
stood by users for the linguist-suggested translations, as indi-
cated by the separation between Alto and Extremo in the
mean rankings (3.56 and 4.01, respectively, out of 5). By con-
trast, the mean rankings for the original SPC translation show
the words Elevado and Alto were not as easily understood, as
respondents preferred a different rank order than the SPC in-
tended. This comparison further emphasizes the results commu-
nicated above. The respondents’ preference for communicating
increasing levels of risk was more closely matched by the in-
tended order developed in the linguist-suggested translations.

The results reported above are based on the entire pool of
respondents who saw each set of translations, but we also
tested both sets based on respondents’ self-reported Hispanic
heritage and self-reported English proficiency. Results show
that similar interpretation challenges exist for the original
SPC translations across all respondents, regardless of His-
panic heritage or level of English proficiency. Across sub-
groups, respondents consistently indicated that Moderado
(4 out of 5 in the original SPC set) conveyed a middle level of
risk, while also showing no clear favorite between Elevado
(3 out of 5) and Alto (5 out of 5) for which word should indi-
cate the highest level of risk.

Conversely, the linguist-suggested translations performed
well across all Hispanic heritage groups and English profi-
ciency levels. Across all levels and groups, the only instance in
which the linguist-suggested translations were not put in the
intended order on average was among respondents who re-
ported that they do not speak English at all (Fig. 8). This sub-
set of respondents closely ranked the words used for the
middle levels of risk, ordering Moderado second, Bajo third
and Alto fourth, with 0.3 points separating the mean rankings
of the three words. While it is important to note that those
who spoke no English were the only group that did not, on av-
erage, produce a preference order that matched the order of

FIG. 8. The mean ranking for each word in the linguist-suggested translation set is broken down by self-reported level of English
proficiency.
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the linguist-suggested set, it is also worth noting that this
group also only made up 3% of survey respondents and only
half of those respondents were shown the linguist-suggested
translations, meaning some respondents may have an outsized
influence on the results when using weighted data, thus alter-
ing the findings. Future work should specifically analyze inter-
pretation of the SPC labels with Spanish-speakers who speak
no English to see if this trend holds with a larger sample size.

All other subsets of respondents showed more clear separa-
tion in the mean rankings of the risk words. A driving factor
behind working with linguists to develop this new translation
set was to ensure the translated risk categories were dialect
neutral, meaning they elicit the same understanding of associ-
ated risk across all Spanish speakers (Fig. 9). These results in-
dicate this goal has largely been achieved.

d. Risk colors and culture

All 1050 respondents were asked to rank the colors used by
the SPC in the convective outlook in order from lowest to high-
est perceived risk. Respondents consistently listed green as the

first color (indicating lowest risk), with many respondents rank-
ing yellow and orange as the second and third colors, respec-
tively, as they were intended. Magenta was the most common
answer for the fourth color, even though it is intended to be the
highest risk color, with orange chosen second most frequently
for the fourth color. Red was the most frequent response by
a large margin for the fifth color, with 67.4% of respondents
ranking it in that position even though it is actually the in-
tended fourth color (Fig. 10). These trends are almost identi-
cal to those previously observed among English speakers
(Ernst et al. 2021), indicating similar perceptions of color and
risk association among English and Spanish speakers in the
United States. Much like the work done by Ernst et al.
(2021), the findings presented here amount to further evi-
dence that the SPC colors may need to be reconsidered, with
red being the highest risk color.

4. Discussion and conclusions

Overall, this study finds the linguist-suggested translations
of the SPC convective outlook category words communicate

FIG. 9. The mean ranking for each word in the linguist-suggested translation set is broken down by self-reported Hispanic heritage.

FIG. 10. The proportion of responses for each color at each potential placement in the order of
the categories.
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risk levels more intuitively to Spanish speakers than the origi-
nal SPC translation set. The linguist-suggested translations
perform well regardless of speakers’ Hispanic heritage or
level of English proficiency. All respondent subgroups of His-
panic heritage and English proficiency had mean rankings for
the risk words that matched the intended order of the catego-
ries except for respondents who indicated they speak no
English at all, which had very similar rankings for the middle
three words. Upon seeing this evidence, the SPC made the
change from the original translation set to the linguist-
suggested translation set, and now usesMı́nimo, Bajo, Moder-
ado, Alto, and Extremo in its risk communication graphics in
Spanish (Fig. 11, https://www.spc.noaa.gov/new/images/SPC-
final-spanish.png).

Prior to formally submitting this manuscript, the authors
presented the data and findings to leadership at the SPC who
were ultimately responsible for making this policy change. As
with any change to a communication product, it is necessary
to monitor public responses for any problems that may arise.
One foreseeable challenge with the new set of translations,
for example, is the fact that Moderate is still the word used for
the fourth risk category in English and High is used for the
fifth, but Moderado and Alto}direct Spanish translations of
Moderate and High}have been moved to the third and
fourth spots in the Spanish translation the SPC now uses, re-
spectively. We do not yet know what the impact of this offset
in the direct translations of these words could be, and it war-
rants further study as this change begins to take effect.

Other limitations to this study come from the way our data
were collected. Online surveys use self-selection, meaning

those who participate choose to do so, and choosing to do so
can often be influenced by a variety of factors such as age and
socioeconomic status or interest in the topic (Jang and
Vorderstrasse 2019). Younger people use the Internet more
often than older people, and those with a higher socioeconomic
status (SES) may have more time to spend taking long, online
surveys than those in a lower SES (Jang and Vorderstrasse
2019). These same challenges exist among Spanish speakers. Ad-
ditionally, Hispanics specifically have been shown to be more
likely to refuse to participate in surveys, which may be caused
by mistrust of the government or fears related to immigration
and deportation, creating another limitation in attracting survey
respondents (Brown 2015). To help mitigate some of these chal-
lenges, the survey was conducted completely online, the instrument
assured respondents that their answers would be anonymous,
and the entire survey was written in Spanish (Brown 2015).
Additionally, the survey respondents were largely representa-
tive of Spanish speakers in the United States in levels of self-
reported English proficiency overall, but it is important to
note that only 3% of respondents self-reported as not speak-
ing English at all, an under sample for this group, which is argu-
ably the most vulnerable group to inconsistent translations. This
was the only subgroup that did not rank the linguist-suggested
translations in the intended order on average. Despite these
challenges, the analysis presented in this paper used demo-
graphic quotas and survey weights to try to correct for some
of these issues. Because of this, the findings presented in this
study should be considered generalizable to the U.S. Spanish-
speaking population, meaning the results are representative of
most Spanish speakers.

FIG. 11. An example of a graphic with the new risk categories currently being used by the SPC, which highlights the change to the new
translations as suggested by the linguists.
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Both health and risk communication research emphasize
that finding dialect-neutral translations are a first step in engag-
ing Spanish-speaking communities (Hsieh 2016; Trujillo-Falcón
et al. 2021). To include all language groups (including those
that do not speak English at all), educational campaigns are
paramount to ensure that all the community resonates with
risk messages (e.g., Trujillo-Falcón et al. 2022). We believe
that, through future outreach by SPC and broadcast meteorol-
ogists, communities will be better equipped in contextualizing
and understanding the new risk categories. Nevertheless, future
testing with Spanish speakers who do not speak English should
be kept in mind to ensure that life-saving information reaches
even the most vulnerable groups.

While the data collected in this survey provided an impor-
tant first step in understanding how Spanish speakers view the
translations used in the SPC convective outlook, targeted
qualitative interviews are another important research method
to employ when trying to reach vulnerable Hispanic popula-
tions. Recently funded research that will be carried out over
the next three years by some of the coauthors of this paper
will continue to investigate how Hispanics understand and in-
terpret current National Weather Service products, such as
the convective outlook, using mixed methods approaches that
will include interviews and follow-up surveys (Reedy et al.
2022).

The linguist-suggested translations appear to offer more
consistent results in communicating the appropriate level of
risk association to Spanish speakers compared to the original
translations used by the SPC. Less than 1% of all Spanish-
speaking survey respondents who were shown the original
translation set ranked all five risk words in the original SPC
order, compared to over 33% of respondents who identified
the intended order for the linguist-suggested translations. Fu-
ture work and educational campaigns should focus specifically
on the most vulnerable members of the Spanish-speaking
public (e.g., those with low English proficiency). It is impera-
tive that translations resonate with the communities they are
intended for and that weather products targeting vulnerable
populations be tested on those groups to ensure improved
clarity.
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