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Abstract

Why are fog, dew, and frost said to “fall” in some languages when they don’t in the physical world? We explore this seeming
infelicity to study the nature of linguistic conceptualization. We focus on variations and changes of the morphosemantic
behaviors of weather words in Mandarin and other Sinitic languages with an interdisciplinary approach to establish links
between linguistic expressions and scientific facts. We propose that this use of directionality is the result of conventionalization
of Chinese people’s inference from shared daily experience, and is well motivated in terms of a linguistic ontology that
reflects a scientific account of natural phenomena. We further demonstrate that the semantically relevant orthography
shared by Chinese speakers can be directly mapped to Hantology, a formal linguistic ontology based on Suggested Upper
Merged Ontology (SUMO). In this mapping, the radical [ yU “rain,” derived from the ideograph of “rain” to represent
atmospheric water, provides crucial clues to the use of directional verbs and the parts of speech of weather words. Our
findings also lend support to language-based reconstruction of traditional ecological knowledge (TEK) and lay foundation for
TEK research in the Sinosphere.
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Introduction Similarly, according to Ahrens (2012, p. 96), dew is

) o formed when air cools to the dew point due to contact with
The “Falling” Fog and Other Scientifically cold surfaces, and frost is produced by directly changing
Infelicitous Weather Expressions water vapor into ice via cooling. In other words, no down-

Weather verbs often represent the actual or perceived move- ward rpoverpent 'S mV(.)lV.ed .durlng the forma't ion of dew or
frost, just like fog; this is in accordance with our shared

ment of weather phenomena. Languages thus form several .

typological conventions for weather expressions (Eriksen experience that.fog, dew, agd“f%ost‘flo not”fall down from the

et al, 2012; Ren & Dong, forthcoming). It is debatable sky. But the Chinese verb [ jiang “to fall” can also co-occur
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whether these weather verbs inherently embody the actual \Y{th d;w_ancitfrofs t t? form 5% jianglii “to dew” and 7R

weather events or just metaphorically represent them. For Jrangshudng 10 Irost.

example. fo is known to be formed by the cooling or evano- At first glance, the linguistically conventionalized use of
mpe, 08 .. ¥ F1e 00 Ing or evap! [ jiang “to fall” seems to be neither inherently embodied
rating of water and the mixing of moist air with dry air; dif-

ferent types of fog can either move horizontally or upward nor scientifically felicitous. Interestingly, besides Mandarin
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Chinese, many Sinitic languages, traditionally referred to as
Chinese dialects, also share such a linguistic convention.
Despite the varying range of linguistic differences among
these languages, the Sinitic languages use the same Chinese-
character-based writing system and thus share the concept-
driven linguistic ontology encoded by the semantically
relevant orthography (Huang & Hsieh, 2015). In this orthog-
raphy, the characters for fog (55), dew (£8), and frost (7§), as
well as rain (Ff), snow (Z§), and hail (£3), all share the same
semantic radical [ yiz “rain.” [ stands for “rain” as a char-
acter, but as a radical, it stands for the shared concept of
“weather (water)” (Chou & Huang, 2010; Van Hoey, 2018;
S. Xu, 1963 [121]). Rain, snow, and hail are forms of precipi-
tation that fall under gravity, and they also co-occur with [
jiang “to fall.” The incongruity of the directionality of
weather verbs led to the research question in this study:

Why downward movement verbs are used to represent
weather events without downward movements in Chinese?

Ontology, Hantology, and Traditional Ecological
Knowledge (TEK)

Our research question is crucially contextualized in the criti-
cal issues of the connections between knowledge and lan-
guage, and in the role played by orthography. Gruber (1995)
argues that linguistic conceptualization involves an abstract,
simplified view of the world that we wish to represent for
some purpose. It contains the objects, concepts, other enti-
ties, and relationships that hold among them. Borrowed from
philosophy, ontology refers to the explicit specification of a
conceptualization (Gruber, 1995). Intuitively, the conceptu-
alization is the relevant, informal knowledge one can extract
and generalize from experience, observation, or introspec-
tion; the specification is the encoding of this knowledge in a
human language (Prévot et al., 2010). Therefore, ontology
generally concerns two basic questions: (a) What are the
basic concepts for knowledge representation? and (b) How
are the concepts organized in terms of relations, especially in
the context of computational representation (Huang, 2015)?
In an ontology, the nodes are of a conceptual nature. They are
often characterized extensionally in terms of classes and cor-
respond to sets of instances or individuals. Such concepts are
integrated into a coherent whole with relations, such as syn-
onymy, antonymy, meronymy, hypernymy, hyponymy, and
so on, which, in ontology, are conceptually driven and take
concepts as arguments (Prévot et al., 2010).

Recent studies show that the linguistic ontology of
Chinese is conventionalized by the radicals (semantic sym-
bols) of its writing system; namely, each radical of Chinese
characters represents a basic concept, and that all derived
characters are conceptually dependent on that basic concept
(Huang et al., 2013b). Chou and Huang (2010) suggested
that the conceptual dependencies between the basic concept
of aradical and the meanings of the derived characters can be

explained by an enriched version of qualia relations, as for-
malized in generative lexicon theory (Pustejovsky, 1995).
Accordingly, the relation between JE5 hanzi “Chinese char-
acter” and meaning clusters has been proposed by Chou
(2005) and Chou and Huang (2010) to be expressed by
Hantology (hanzi ontology), a system mapping the meanings
of 540 radicals in Shuo Wen Jie Zi (S. Xu, 1963 [121]), an
early 2nd-century Chinese dictionary organized by radicals,
onto Suggested Upper Merged Ontology (SUMO). SUMO is
an upper level formal ontology that provides definitions for
general-purpose terms and acts as a foundation for more spe-
cific domain ontologies (Niles & Pease, 2001). With radicals
anchoring the mapping to ontological concepts, information
encoded in the Chinese writing system can be systematically
converted to and merged with ontologies. In Hantology, for
example, the basic concept of “horse” of the radical [ md
“horse” serves to connect a network of related concepts
through qualia relations: 5 huan refers to a kind of horse, 5
qi “to ride” refers to one of the most typical human activities
engaging a horse, and ¥ jing “(to) surprise” originally
describes a horse being startled (Chou & Huang, 2010). Such
qualia relations have been shown to be psychologically real
for speakers of various Sinitic languages (Yang et al., 2018)
and can be leveraged in natural language tasks such as meta-
phor detection (Chen et al., 2019). The current study further
investigates the ontological basis of directionality of weather
expressions in various Sinitic languages based on Hantology.
It should be noted that fog, dew, and frost also co-occur
with “fall” in other language families in addition to Sinitic
languages (Dong, 2019; Dong et al., 2020a). An important
reason for focusing on Sinitic languages is their shared
orthography, which has been conventionalized and has
largely maintained its homomorphism for more than 3,000
years (Chou & Huang, 2010). As the writing system is based
on conceptual classes marked by semantic radicals, it pro-
vides direct evidence of how these weather words are con-
ceptualized in addition to the morphosyntactic cues typically
used in previous studies.

Another important implication of the current line of
inquiry is a linguistic approach to the discovery of TEK.
TEK is a cumulative body of knowledge and beliefs about
the relationship of living beings (including humans) with one
another and with their environment, which is shared by
indigenous and local people and handed down from genera-
tion to generation by cultural transmission (Berkes, 1993).
Such indigenous knowledge parallels the scientific discipline
of ecology, and can also complement scientific research on
ecology, as demonstrated by Huntington (2000) and Gagnon
and Berteaux (2009). The role of language as the carrier of
shared knowledge has received increasing attention in the
study of TEK. Nazarea (2006) argued that, with the loss of a
language, we also lose our irreplaceable accumulated knowl-
edge about the ecology and biodiversity stored in that lan-
guage. Given the endangered status of many languages used
in ecologically sensitive areas, there is an urgent need to
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retain heritage knowledge encoded in those languages (Si,
2016). Recent studies, such as Laugrand (2016), developed a
language-derived ontology of cultural heritage as an effec-
tive tool for ecological studies.

Ontologies facilitate the extraction of TEK (Huang et al.,
2004, forthcoming), and the integration of environmental
and ecological knowledge from different languages (Vossen
et al., 2008). More specifically for TEK of endangered lan-
guages, Huang et al. (2018) demonstrated that a linked data
approach could overcome challenges of data poverty. By
linking to an upper ontology, and with bootstrapping from
related languages, ecological information can be recon-
structed with a very small set of data (e.g., basic lexicon
such as the Swadesh list). The current study complements
the above by focusing exclusively on how weather expres-
sions systematically encode meteorological knowledge. We
focus on the linguistic expressions that appear to be scien-
tifically infelicitous to construct robust mapping between
TEK and scientific knowledge. Note that indigenous weather
knowledge and its ontological representation have provided
crucial input to the study of ecology and weather changes
(Krupnik & Jolly, 2002; Nyong et al., 2007). One of the
most successful examples of reconstructing and sharing
weather TEK is the Australian indigenous Weather project
(Green et al., 2010). To the best of our knowledge, there is
no such ontology available for Sinitic languages. Our study
thus serves as a first step toward the construction of argu-
ably the most comprehensive longitudinal weather change
knowledge in human history (more than 3,000 years), by
leveraging the continuous documentation of weather infor-
mation in a large expanse of geographic areas based on
Chinese historical data.

The rest of the article is structured as follows. In section
“Method,” we introduce the adopted methods and research
procedures. In section “Results,” we present major results of
corpus and dictionary investigation. With these findings and
additional evidence from Old Chinese, the oldest attested
stage of Chinese language ranging from Shang Dynasty to
Han Dynasty (16th century Bc—220 Ap) (Huang & Shi, 2016,
p- 3), in section “Discussion,” we discuss the structured TEK
of weather by proposing that the radical Ff encodes two
ontological nodes: “weather water” and “weather process.”
Selective or multiple inheritances from these two nodes
predict encoding differences and lead to the description of
fog, dew, and frost as falling. The last section concludes this
article and suggests directions for future research.

Method

Multiple methods have been adopted in this study: analysis
of Mandarin varieties based on corpus data, analysis of
Sinitic languages based on dictionary data, analysis of clas-
sical text, and lexical semantic analysis based on Hantology.
Specifically, we consulted corpora and dictionaries to ensure
comprehensive coverage of expressions of atmospheric

water (in both liquid and solid forms) in weather events
from all Sinitic languages.

For current Mainland Mandarin usages, we consulted the
BCC Corpus (Xun et al., 2016) and the CCL Corpus (Zhan
et al.,, 2019). For historical usage, the balanced and dia-
chronic sub-corpora of the BCC Corpus were used. The col-
locations of directional verbs (i.e., [# jiang “to fall,” | xia
“to fall,” #& ¢i “to rise,” and - shang “to rise”) and weather
phenomena (i.e., 75 wu “fog,” & i “dew,” and 5§ shuang
“frost”) were extracted from these corpora, covering all 12
possible collocational pairs. Frequencies were calculated
after manual checking. Potential errors include locational
postpositions that are homophonous with directional verbs,
such as i, 5§ dishang shuang “frost on the ground” and
FL_E5E wdshang shuang “frost on roof tiles.” Furthermore,
for a cross-regional comparison, collocations were also
extracted from the Sinica Corpus 4.0 (Chen et al., 1996) for
Taiwan Mandarin usage. In addition, collocational differ-
ences of the three weather words among three varieties
of Mandarin were extracted from the three sub-corpora of
Tagged Chinese Gigaword 2.0 (Huang, 2009) using Chinese
Word Sketch/CWS (Huang et al., 2005). The three sub-
corpora of news texts are from Central News Agency in
Taiwan (Gigaword2cna), Xinhua News Agency in Mainland
China (Gigaword2xin), and Lianhe Zaobao in Singapore
(Gigaword2zbn).

In addition to the detailed study of these three weather
expressions in Mandarin, we also conducted a comprehen-
sive investigation of eight weather expressions in 221 other
Sinitic languages, covering all the major groups such as
Mandarin, Xiang, Gan, Wu, Min, Hakka, and Cantonese.
Weather expressions were collected from the Sinitic lan-
guage dictionaries of R. Li (1993-2003), B. Xu and Miyata
(1999), Tao (2007), and W. Zhang and Mo (2009). The eight
words are [ yi “rain,” 25 xué “snow,” & bdo “hail,” 5% wi
“fog,” B8 lu “dew,” 5§ shuang “frost,” & léi “thunder,” and
BE dian “lightning,” all with the radical FRj. Verbs co-occur-
ring with weather nouns were examined and languages were
grouped into four major types according to the directional
meanings of these verbs: upward, downward, both, and no
obvious vertical direction. If a language uses verbs both with
and without vertical directional meanings to describe a cer-
tain weather phenomenon, we counted it as a case of vertical
directional expression.

In our classification, the verbs with upward movement
include #E g “to rise (in terms of posture)” and I shang “to rise
(in terms of height),” for example, #EFHFH &> tsen! te?*!!
“to thunder” in Danyang Wu and 5§ say*suan* “to frost”
in Harbin Mandarin. The ones involving downward move-
ment are [Z¢ jidng “to fall/lower,” % luo “to fall,” | xia
“to fall/descend,” 7%z dang “to fall/drop,” and kT; zhé “to press
down,” for example, [&55 kuo?*gyo’® “to frost” in Wenzhou
Wu, & FZ7K 10373 1vu' gp**! “to dew” in Loudi Xiang, =5
xa®¢ya? “to snow” in Taiyuan Jin, &% toun**’ptay? “to
hail” in Fuzhou Min, and it tep’beu’’ “to fog” in Leizhou
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Table 1. Distribution of the 12 Collocations in the BCC and CCL Corpora.

BCC balanced BCC diachronic CCL
Weather expression Freq. Total Freq. Total Freq. Total
Fog
Downward
[%5% jiangwa I 185 (34.1%) 2 20 (38.5%) 8 18 (45%)
5% xiawu 174 18 10
Upward
S qiwd 352 357 (65.9%) 32 32 (61.5%) 2 22 (55%)
5% shangwu 5 0 0
Dew
Downward
[% %% jianglu 7 14 (93.3%) 0 I (50%) 2 6 (100%)
N xialo 7 | 4
Upward
#EEE qilu | 1 (6.7%) 0 I (50%) 0 0 (0)
5% shanglu 0 | 0
Frost
Downward
[ 75 jiangshuang 66 185 (86%) 66 153 (98.7%) 13 39 (95.1)
N xiashudng 119 87 26
Upward
#LFE qishuang 14 30 (14%) | 2 (1.3%) 0 2 (4.9%)
7§ shangshuang 16 I 2

Min. It is noteworthy that most of the verbs are polysemous.
The five words implicating the downward directions clearly
suggest downward movement toward the ground. However,
the two verbs for upward movement, that is, #2 gi and |-
shang, have additional interpretations of inchoative events.
For instance, £ ¢i means “to rise,” “to start,” or “to occur,”
and so on; as a result, #25E giwi could be interpreted as fog
rising, fog appearing, or both. Similarly, = shang implies
“to rise” or “to commence,” so _F5& shangwu may also indi-
cate a non-directional meaning. As the inchoative meaning
has been shown to be the metaphoric extension of the upward
directionality (e.g., Huang & Chang, 1996), we do not sepa-
rate the two interpretations in this study and instead treat
them both as evidence for upward directionality.

Results

Distribution of the 12 collocational pairs, derived from four
directional verbs and three weather words, in the BCC and
the CCL corpora (accessed December 8 and 13, 2018, respec-
tively) is listed in Table 1.

When referring to the appearance of fog, upward direc-
tional verbs are slightly favored over downward directional
verbs, with upward directional verbs used 65.9%, 61.5%,
and 55%, respectively, in each corpus. In contrast, downward
directional verbs are strongly preferred for dew and frost,
with usage ranging from 86% to 100%. Note that there are
only a handful of attested collocations involving dew, hence

the tendencies involving dew, especially from the diachronic
corpus, should be taken with a grain of salt. Possible causes
for the low frequency of dew may include its low visibility
(from a distance), and its lack of direct impact on transporta-
tion and agriculture, unlike fog and frost.

Next, we compare verbal expressions of eight weather
phenomena in Sinitic languages/dialects based on published
dictionaries. The directional distribution of downward,
upward, both, or none is calculated on the directionality of
attested verb(s) for each language for each weather event.
For instance, the data show that 100% of Sinitic languages
encode rain, snow, and hail with downward directionality
only. Note that the dictionaries may not exhaustively list all
possible verbs for the eight weather phenomena in every
language, hence the distribution should be considered as
indicating the dominant directionality, as in Table 2.

Table 2 shows that the eight phenomena can be further
divided into three groups. The precipitation group of rain,
snow, and hail predominantly prefer downward direction.
Thunder and lightning form another group that tends to be
expressed with non-directional verbs. The third group con-
taining fog, dew, and frost presents more complex patterns.
First, the downward direction is attested in more languages
than upward. Second, both directions are attested in some
languages. Third, the preference for directional expressions
(Down, Up, and Both) ranks in descending order: fog > dew
> frost. While the preference for non-directional expressions
reverses the order. This contrast is likely related to the mass



Dong et al.

Table 2. Distribution of Directions in Sinitic Languages (%).

Weather

event Down Up Both None
Rain 100 0 0 0
Snow 100 0 0 0
Hail 100 0 0 0
Fog 51.7 25.8 12.4 10.1
Dew 50.0 15.2 4.5 30.3
Frost 455 0 2.0 52.5
Thunder 0 9.1 0 90.9
Lightning 0 1.0 0 99.0

and state of the weather products: Suspended fog is light and
more gas-like, dew is visibly liquid, and frost is solid and
relatively heavy (see Huang et al., 2021, for more discus-
sion). The results show that not only can fog, dew, and frost
“fall” in Mandarin and other Sinitic languages, they even
“fall” more than they “rise.” This is in line with the observa-
tion of & wa “fog” by Dong (2018).

From the Sinica Corpus (accessed January 21, 2019), only
two of the collocations are found: four tokens of #2575 giwu
and one token of 5§ xidshuang. This is likely due to the
comparatively small size of this tagged corpus (10 million
words). However, more collocational patterns are found in
the much bigger (14 billion characters) Tagged Chinese
Gigaword 2.0 via Chinese Word Sketch (accessed January
22, 2019), as shown in Table 3. The two numbers given in
parentheses following each word are its frequency and
salience score, a statistical measure of the significance of a
specific token in the given context measured with logDice in
the Sketch Engine. Based on the data, some preliminary find-
ings are in order here. First, there are no collocated verbs of
movement or appearance with high significance with either
F& In or 27K lushui “dew,” which is consistent with the low
frequencies of dew-related compounds in the BCC and the
CCL corpora as shown supra. Second, no significant colloca-
tions of 7§ shuang “frost” with such verbs are observed in
Singaporean Mandarin. Third, the only verb with downward
meaning, that is, [# jiang “to fall,” is found solely in
Mainland Mandarin. Fourth, no verbs with directional mean-
ings are found in collocation with 7% wu “fog” in Singaporean
Mandarin.

Discussion

Radical Pl With Two Ontological Concepts

Chou and Huang (2010) argued that the Chinese writing sys-
tem encoded a linguistic ontology and proposed Hantology
as a system to represent this encoding. For instance, morpho-
syntactic relations, such as the relations between compound
words and their component stems, encode the ontological
relation between the two concepts represented by the two
stems. As such Hantology can be viewed as a linguistic

ontology of the shared conceptualization of Chinese speak-
ers. The fact that the radical Fij encodes weather phenomena
suggests that the commonalities in their linguistic behaviors
should be the result of shared conceptualization. By examin-
ing the possible correlation between weather expressions and
the observable effects of these weather events, we explore
how perception of weather effects influences the morphose-
mantic behaviors of different weather expressions.

An important characteristic of the Chinese linguistic
ontology as represented by Hantology is its robustness
through more than 3,000 years of changes and variations. A
homomorphism has been maintained (Wang, 1997). That is,
all historical changes from oracle bone scripts to the modern
simplified characters are glyphic variations in essence and
the glyph-concept pairings as well as the overall conceptual
structure have been maintained (Chou & Huang, 2010). This
homomorphism is exceptional given the well-established
dependency of orthography on speech and the necessary
changes of speech sounds. The reason is the unique ortho-
graphically relevant level (ORL; Sproat, 2000) of the Chinese
writing system. Unlike the majority of the world’s writing
systems with phonology as the ORL, semantics is the ORL
for Chinese (Huang & Hsieh, 2015). As the shared writing
system for all Sinitic languages (and later other languages in
the Sinosphere), a robust and stable conceptual system is
critical to ensure mutual intelligibility in reading. In other
words, the homomorphism of Chinese orthography in terms
of character component composition through history ensures
that the encoded conceptualization is largely preserved.

Hantology maps the radical [, representing loosely the
concept of “weather (water),” to two basic concepts in the
formal ontology SUMO (Niles & Pease, 2003). One is the
node of “weather water,” and the other is the node of “weather
process.” We propose the following mapping between the
characters and the ontology nodes: % wit “fog,” 52 lii “dew,”
and%y shuang “frost” are linked to the “weather water” node;
5 l¢i “thunder” and EE dian “lightning” are linked to the
“weather process” node; and [ yi “rain,” 25 xué “snow,”
and £ bdo “hail” are linked to both nodes. The mapping is
schematized below as Figure 1.

This mapping accounts for why fog, dew, and frost have
the same verbs as rain, snow, and hail. Physically, precipita-
tion events are the only ones involving weather products that
fall under gravity. Thus, the “falling” of fog, dew, and frost is
most likely due to sharing conceptual classifications with
these more familiar/typical weather events in the linguistic
ontology. This claim can be further supported by the follow-
ing arguments.

First, the concept of “K Tian in traditional Chinese culture
is the “provider” of fog, dew, and frost, as well as all precipi-
tations. In Old Chinese, X tian has multiple meanings, such
as heaven, a supreme deity, the sky, as well as a type of fate
or providence. In short, it is simply the one who dictates
everything that happens in X | tianxia “all under heaven,
referring to the whole known universe crucially including
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Table 3. Salient Collocations in Tagged Chinese Gigaword 2.0.

Search Term Sub-corpora Collocation
7 wu “fog” Gigaword2cna ZEHE “to rise suddenly” (5, 26.72), 135, “to appear” (20, 20.79), fZik “to form” (12, 19.52),
(Taiwan) 5 “to drift” (4, 19.48), #L£ “to rise” (11, 18.7)
Gigaword2xin Hi3H “to appear” (49, 31.01), f2H “to form” (26, 23.91), [ “to fall” (6, 16.82), ZEiE
(Mainland China) “to rise suddenly” (2, 14.7), #£ “to rise” (4, 10.99), Jifi#E “to rise gradually” (I, 10.78),
EEE “to rise abruptly” (1, 9.97)
Gigaword2zbn FERK “to form” (1, 5.99), #4E “to occur” (1, 4.33)
(Singapore)
F& shudng “frost”  Gigaword2cna 4E5H “to condense to” (2, 14.18), 4% “to condense” (2, 12.55), JHif% “to freeze to” (I, 12.4),
(Taiwan) Hi3H “to appear” (4, 10.58), 5E45 5L “to condense to” (1, 10.41)
Gigaword2xin JREK “to freeze to” (2, 17.04), 137 “to appear” (5, 11.84), 45 “to condense” (2, 10.44)

(Mainland China)

% wu ‘fog’, ¥ lu ‘dew’, F& shudng ‘frost’ “weather water” node
M i ‘rain’, & xué ‘snow’, T bdo ‘hail’ <

5 léi ‘thunder’, 7& dian ‘lightning’

“weather process” node

Figure |. Mapping between characters with radical Ff§ and ontology nodes.

but not limited to all the people” (Chang, 2000). Tian appears
in many of Confucius’ Analects to refer to an anthropomor-
phic god, or an impersonal force that is identified with rules
or nature, as shown in (1).! Having the meanings of the per-
ceivable sky and divine power in charge of all things, 7ian is
thus deemed the source and controller of various meteoro-
logical phenomena: Fog and dew are said to be originated

mx M@ =5 & WU kKT A7

tian hé yan  zai  si shi xing  yan

from the sky, as in (2); dew is also considered as the “fallen”
fluid of Tian, as in (3); frost and dew may “fall” to the will of
Tian, as in (4); even temperatures like coldness and heat can
be “sent down” by Tian, as in (5). Therefore, it is ancient
Chinese people’s belief that fog, dew, and frost, like precipi-
tation (rain, snow, and hail), are all given to them by Tian
from above, hence in the manner of “falling.”

E] [E] 4 5

bai wu shéng  yan

Tian what speak ZAI four season walk YAN hundred thing generate YAN
“Does Tian say anything? The four seasons run their course and all things are produced.” (Yanghuo, in Analects)

2 K T K B 7= 5z, 1E AN B R A
shui zai tian weéi wu Iu zai di weéi yuan quan  y¢
water be-at  sky be fog dew be-at  ground be headwaters spring  YE

“Water will be fog and dew when in the sky, and will be rivers and springs when on the ground.” (Heshang Gong’s

commentary on Yi xing in Daode Jing)

@ & X Z & s ™ Ffr o & ) .
lu tian  zhi jin ye xia suo rin wan wu yeé
dew Tian ZHI fluid fluid place-below SUO moisturize  ten-thousand thing YE
“Dew is the nourishing fluid of 7ian which provides moisture to all creatures.” (Yu bu, in Yu Pian)

(4) CR) = =3 if 3 7 o
(tian) kao yinyang ér jiang shuang Iu
(Tian)  inspect Yin-Yang  then fall frost dew

“Tian inspects Yin and Yang, and sends down frost and
Autumn Annals)

(5) K b eSS = ~ L]
tian jiang  han ré bu jié
Tian fall coldness heat NEG moderate

dew.” (Tiandi zhi xing, in Luxuriant Dew of the Spring and

“Tian sends down coldness and heat not according to the norms of moderation.” (Shang tong zhong, in Mozi)
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Table 4. Distributions of [ jiang and I xia (CCL).

Register 158 TH k% TH W T
Formal 6 | 2 0 6 7
Informal 2 9 0 4 7 19

Second, the perceptual differences between fog, dew, and
frost and two atypical weather phenomena related to precipi-
tation, that is, cloud and freezing rain, offer supporting evi-
dence. A cloud is a visible aggregate of tiny water droplets or
ice crystals suspended in the air (Ahrens, 2012, p. 102), thus
also a form of water. The Chinese character for cloud is Z&
yun, which also contains the radical i, indicating that it is
conceptualized as related to rain. However, the original writ-
ten form of cloud, according to Shuo Wen Jie Zi, in fact con-
tains only the bottom half as Z yuin, which is a pictograph of
cloud. The radical F§ was added during the seal script refor-
mation under the First Emperor Qing Shi Huang. As there is
no direct documentation of the rationale of the addition, we
could only speculate that the two different ways of encoding
reflect the later acquisition of knowledge of a causal relation
between cloud and rain.

Among the Sinitic languages we investigated, only a few
cases were found of using verbs to indicate the appearance
of clouds: [ shang “to rise” is used in Jinhua Chinese, and
& gi “to rise” is used in languages spoken in Wenzhou,
Pingxiang, and Lichuan. This could be simply attributed to
the fact that clouds are never perceived to fall or to appear on
the ground. On the contrary, fog, dew, and frost appear on or
near the ground and their appearances are typically during
the night or before dawn hence not easy to observe, which
allows the “fallen” analogy because of its physical locations.
Contrary to clouds, another form of water, freezing rain, is
able to “fall” in Sinitic languages. For example, the expres-
sion "% xialing fall-freezing_rain “to rain freezing rain” is
attested in Guiyang Chinese. Freezing rain is the rain that
becomes frozen upon contact, namely, the ice forms on or
near the ground without downward movement. Such appear-
ances and locations also allow for the “fallen” analogy. The
attested usage of [N/ xialing “to rain freezing rain” in fact
coincides with the weather map of freezing rain in China,
with Guizhou Province, where Guiyang is located, witness-
ing the most frequent occurrences.

It is interesting to note that this shared conceptualization
of fog, dew, and frost with precipitation was adopted
recently by authoritative lexicographers in their norm-setting
The Contemporary Chinese Dictionary (Dictionary Editing
Office, Institute of Linguistics, Chinese Academy of Social
Sciences, 2005). In this fifth edition, the dictionary uses [~
58 xiashuang “to frost,” together with NFR xiayi “to rain”
and 25 xidxué “to snow,” as examples of the weather event
sense of the verb | xia: (FR « FEZF) [FE7% “(rain, snow, etc.)

to fall.” This scientifically infelicitous example caused some
uneasiness and was substituted by 25 T~ xiabdo-zi “to hail”
in the later editions, without clarifying the meaning of 5§
xiashuang.

Indeed “atypical” taxonomical classifications are well
attested in the Chinese radical system (Huang et al., 2013a).
For example, fif; you “squid,” fif jing “whale,” fifs ¢ “croco-
dile,” fifg bao “abalone,” i ni “giant salamander,” and % bie
“softshell turtle” are not fishes, but all the characters were
created with the radical f “fish,” indicating that they are
deemed to belong to the conceptual class of £ as aquatic
animals. Moreover, in Tagged Chinese Gigaword 2.0
(accessed January 23, 2019), all these characters are found to
form compounds with f yu “fish” in the format of [X+ ],
which provides further evidence for the conceptualization of
“X is a kind of f4.” This example further illustrates the
robustness of Hantology as a linguistic ontology with the
caveat that its conceptual nodes are conventionalized based
on shared experience. As such they can typically be mapped
to a scientifically felicitous formal ontology node, but often
not precisely.

A further observation is the register differences attested in
the CCL corpus between the two weather verbs [ jiang “to
fall” and | xia “to fall” when used with fog, dew, and frost.
As illustrated in Table 4, [ jiang is more likely to occur in
formal texts, while | xia tends to appear in informal ones.
The “[%&/ T contrast is an existing method in Mandarin to
mark a stylistic difference when they take rain, snow, and hail
as objects. One clear example can be given here: The meteo-
rological terms precipitation and rainfall are only allowed
to use [, as [F7K jiangshui “precipitation” and [ &
Jjiangyuliang “rainfall,” respectively. When the method is
applied to fog, dew, and frost, we can infer that these weather
phenomena should also be regarded as precipitation. In addi-
tion, all the six cases of [#F5 jiangwn “to fog” appear in
newspapers after 2003, while cases of [N5& xiawu “to fog”
are distributed over a much wider range of time, suggesting
that [#5% jiangwu may be an emerging copy of [# jiangyii
“to rain,” [%Z5 jiangxué “to snow,” and so on, via analogy. As
for the only exception, [EFg jiangshudang, its reverse form
Fe[% shuangjiang probably plays a role. 755 shudangjiang is
one of the traditional solar terms (§i%&,) which appears in the
Tsinghua Bamboo Slips dating to the Warring States period
(5th century Bc—221 Bc) (X. Li, 2018), and the common use
of which in daily life is likely to have rendered [%5§
Jjiangshuang more informal.
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Evidence From Old Chinese

Further evidence can be obtained from Old Chinese. The
morphosemantic and grammatical differences between the
characters sharing the radical i can in fact be predicted by
the differences in the conceptualization and perception of
“weather water” and “weather process.”

First, the directional meanings of weather expressions can
be divided into three groups, with expressions in each group
having the same distribution pattern in both Old and Modern
Chinese. According to Ren (2018), FF yi “rain,” 25 xué
“snow,” and 75 bdo “hail” can function as weather verbs in
Old Chinese, denoting “to rain,” “to snow,” and “to hail,”
respectively, as illustrated in (6) to (8) quoted from Ren

©) = H, X M &, X

(2018). They hence express downward movement them-
selves. The second group involves weather nouns, namely 7%
lu “dew” and F§ shuang “frost,” that use verbs with direc-
tional meanings, such as [ jiang and [ yiin in (9) and (10),
to indicate their occurrence. The last group, &5 /éi “thunder”
and E§ dian “lightning,” are not found to co-occur with
directional verbs. No expression describing the occurrence
of 7 wu “fog” was found in the ancient documents we inves-
tigated, which are chiefly the divination texts written in ora-
cle bone script and the following traditional texts: Zuo
Zhuan, Analects, Guo Yu, parts of Mozi, Mencius, Zhuangzi,
Xunzi, Hanfeizi, Liishi Chungiu, Zhan Guo Ce, parts of
Shang Shu, Shi Jing, Rites of Zhou, Book of Etiquette and
Ceremonial, Book of Rites.

yu
rain

“On this day, it rained when (they) were making good cheer.” (Wei ce, in Zhan Guo Ce)

“It snowed on the day of Gui Si.” (Oracle Bone Scripts; Institute of History, Chinese Academy of Social Sciences,

shi 11 yin jiu le tian

this day drink wine  merry sky
Mmx B =

gui si xué

Gui Si snow

1978-1983)
® L R 4 &

rén zi X1 bao

Ren Zi nightfall  hail

“It hailed at nightfall on the day of Ren Zi.” (Oracle Bone Scripts; Institute of History, Chinese Academy of Social

Sciences, 1978—1983)

) & JeEL E H 7 I,
liatng  feng zhi bai lu jiang
cool wind  arrive white dew fall

cold

S L ng
han chan  ming
cicada chirp

“Cool wind blows. White dew appears. Winter cicadas chirp.” (Yue ling, in Li Ji)

(10) BN " 1M 2 7
si xian  ér yun shuang
Star-Si appear then fall frost

“There will be frost when Star Si appears.” (Zhou yu zhong, in Guo Yu)

Second, the classification of the three groups can be
attributed to their denotational differences. A weather phe-
nomenon can be regarded as consisting of weather processes
and weather products. As mentioned earlier, we take both
conceptual and morphosyntactic cues as primary data and try
to propose a uniform account for both, so weather process
and product can be treated as parallel to the linguistic con-
cepts of process and result. Specifically, the ontological class
of “weather water” can be viewed as the product of a weather
process. As analyzed previously, in Hantology, 7 wu “fog,”
2 In “dew,” and 5§ shuang “frost” are linked to “weather
water” and thus refer to weather products explicitly. 25 /éi
“thunder” and & dian “lightning” refer to “weather pro-
cess.” And finally, FR yi “rain,” =& xué “snow,” and 25 bdo
“hail” may refer to both. Based on the annotations of ancient
scholars and the semantic facets of the words displayed in
actual use, Ren (2018) argues that 38 wu, 2 I, and 7§

shuang are [+material], indicating a weather event with tan-
gible products, and have almost no verbal usage; 25 dian and
5 [¢éi are [+process], indicating a weather event with tangi-
ble processes, and can be used as nouns and verbs; [l yu, 25
xué, and 5 bdo are [+material, +process], and can also
function as nouns and verbs.

Although weather expressions in the thunder group seem
to be exceptional to be realized as both verbs and nouns, their
nominal usages have eventive meanings and are different
from the rain group. Expressions in the rain group can appear
as subjects of intransitive constructions, as shown in (11a, b),
confirming their conceptualization as referential entities.
Expressions in the thunder group, as shown in (11c, d), do
not typically appear in such a position.? The strong referenti-
ality and “nouniness” of the rain group is further attested by
the wider range of property-modifications they can take
(e.g., KPR dayi “heavy rain,” /NFR xidoyii “light rain,” 4HpR
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Table 5. Connection of Related Aspects Concerning Weather Words in Old Chinese.

% B

Related properties “fog, dew, frost”

Ontology node Water
Directionality Down

Part of speech N.
Encoding type Argument
Feature [+Material]
Temporal dichotomy Endurant

WEE E®
“rain, snow, hail” “thunder, lightning”
Both Weather process
Down None

N./V. N./V.

Both Predicate

Both [+Process]

Both Perdurant

VoG

xiyu “drizzle,” KR yeéyu “night rain,” AR léngyi “cold
rain,” BERR zhouyit “sudden downpour,” #rFi xinyi “rain in
early spring,” ¥gpk méiyii plum-rain “monsoon rain”). In
contrast, expressions in the thunder group take manner-
modifications only (e.g., 4HLEE luodiléi fall-land-thunder
“lightning that strikes [the ground],” J# 5 giindiléi roll-
land-thunder “ball lightning,” Y5 zhaléi explode-thunder
“deafening thunder,” &35 bdoléi “abrupt and fierce thun-
der”). These examples show that nominal usages of the
thunder group encode manner and other eventive properties
of the weather processes.

any a N W/ E/ B T
xia  yu xué baozi le
fall  rain snow hail PFV
“It rained/snowed/hailed.”

b. R/ |/ BTETF T T
yu  xué bao-zi  xia le
rain snow hail fall PFV

“It rained/snowed/hailed.”

c. 1 & T/*ETT
da  1éi le
hit  thunder prv
“It thundered.”

d K #&# T/ERT
shan dian le
flash lightning PFV
“Lightning flashed.”

The versatility of the encoding types showed by these three
groups poses an interesting challenge to typologies of
weather and language, such as Eriksen et al. (2010, 2012).
This typology classifies languages in the world according to
the primary encoding strategy adopted in meteorological
expressions: predicate type, in which the predicate is respon-
sible for the meteorological meaning; argument type, in
which the argument refers to the weather event; and argu-
ment—predicate type, in which both are involved. However,
we have shown that two of the encoding types are attested in
Chinese: The fog group adopts the argument type, the thun-
der group adopts the predicate type, and the rain group adopts
both. This contradicts Eriksen et al.’s (2012) claim that lan-
guages tend to stick to one of the three types for all precipita-
tion events, namely, the rain group.

Furthermore, according to Huang (2015, 2016), a con-
cept which can be defined independent of time is endurant,
and a concept which must be defined dependent of time is
perdurant. Huang also claims that [+N] feature stands for
endurant properties, and [+ V] feature represents perdurant
properties. Because a process is dependent of time, while a
material is not, we can now connect the endurant—perdurant
dichotomy with the semantic features proposed by Ren
(2018), together with the ontology node linking, directional-
ity, and encoding types of those weather phenomena, as
illustrated in Table 5.

Implications for TEK

Results of our analysis show that, unsurprisingly, the Sinitic
languages do not directly encode the scientific knowledge of
meteorology. Instead, a linguistic ontology mediates the
perceptual reality, the linguistic convention, and the mete-
orological knowledge, and careful analysis using multi-
disciplinary tools is needed to map conventionalized
indigenous knowledge to scientific interpretations. Empirical
data from Sinitic languages, including Old Chinese and dif-
ferent Mandarin varieties, are analyzed using ontology and
corpus tools, and contextualized by basic scientific knowl-
edge to capture the underlying principles for linguistic con-
ceptualization of weather expressions. We show that this
structured knowledge can be converted to a scientifically
compatible ontology of TEK. We also demonstrate that the
distribution of linguistic features that we identify can
indeed be used to extract information that is confirmed by
our current knowledge of weather patterns, such as the fact
that Singaporean Mandarin lacks the expressions to indicate
the occurrence of frost (see section “Results”), which is
understandable due to the lack of frost in tropical areas.

Given the above insights gained on linguistic conceptual-
ization, we are a step closer to the discovery of new ecologi-
cal knowledge. The examples we have shown so far confirm
current knowledge. To take this research further, available
resources are the key: that is, the existence and preservation
of more than 3,000 years of longitudinal textual documenta-
tion, in particular the availability of local gazetteers (3t &
difangzhi) in China.

With a tradition that can be traced back to at least 2,000
years ago and believed to have been commonly practiced
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since the 12th century, local gazetteers are local historical
and geographic records of regions below the national level.
In practice, local gazetteers have been compiled for big
regions such as feudal states and provinces, as well as smaller
regions such as villages. They are most commonly compiled,
however, at the county level. Local gazetteers are considered
one of the richest sources of historical studies due to their
continuity, wide geographic coverage, and geo-informatic
precision, especially given the historical perspective (Bol,
2001; Perry, 1994). It is estimated that more than 80,000
local gazetteers have been preserved and collected in differ-
ent libraries. Various digitalization work on local gazetteers
have been ongoing (e.g., Chen et al., 2007), even including
the precisely located local gazetteers of Buddhist temples
(Bingenheimer, 2015). These provide resources for quantita-
tive approaches to Chinese history (Mostern, 2008). Given
the Chinese tradition of revering the heaven and respecting
signs given by the heaven, and coupled with the central role
agriculture played in the Chinese society, local gazetteers
typically contain detailed information of weather events,
especially severe weather that could be considered heavenly
signs with significant impacts on agriculture or daily life.
There has been at least one manual attempt to extract weather
information from local gazetteers (P. Zhang, 1993).

Taking all Chinese local gazetteers together, what we have
is in essence the most complete longitudinal textual record of
climate change, covering a wide variety of geographic areas
and weather patterns. Previously, deciphering and interpret-
ing the textual records of modern meteorological knowledge
would be a daunting task. However, with our current study,
links between Chinese weather expressions and meteorologi-
cal knowledge have been established. And crucially, we also
show that mapping and interpretation should be adapted
according to historical changes and regional variations of
Sinitic languages. We believe that our study has now laid the
foundation for mining climate change and ecological impact
information from this invaluable data set.

Conclusion and Future Directions

In this article, we examined the correlation between eight
weather phenomena involving atmospheric water and their
linguistic representations in Mandarin and other Sinitic lan-
guages, aiming to account for two observations: that they
share the radical i in Chinese orthography and that Sinitic
languages, as well as some other languages, somehow contra-
dict science and allow fog, dew, and frost to “fall.” We pro-
pose that a weather event consists of weather processes and
weather products; hence, the radical ffj is shown by Hantology
to represent two corresponding ontology nodes. The explicit
encoding by the Chinese writing system of this conceptual
dichotomy successfully accounts for our observations. That
is, fog, dew, and frost share both the radical and the “weather
water” node with precipitation. As they belong to the same
conceptual category, they also share the same encoding with

the verbs meaning “to fall” in Chinese. The differences of
weather words in semantic features, parts of speech, and
encoding types in Chinese can also be accounted for in a simi-
lar way. In addition, our study shows that the morphoseman-
tic and grammatical generalizations of these weather words in
Chinese in fact represent our knowledge of meteorology with
felicity when their linguistic behaviors are given the appropri-
ate ontological interpretation, and the indigenous knowledge
can be reconstructed or extracted with the methods we pro-
posed. This offers another strong support for the effectiveness
of an ontology-driven approach to the interpretation and inte-
gration of TEK with scientific knowledge.

In addition to the summary given in Table 5, the eight
weather phenomena can also be linked to different sensory
modalities. Based on the collocations found in Tagged
Chinese Gigaword 2.0 via Chinese Word Sketch (Huang
et al., 2005; accessed December 25, 2018), rain and hail
involve visual, tactile, and auditory senses; snow, fog, dew,
frost, and lightning involve visual and tactile senses; and
thunder involves auditory and tactile senses. According to
Strik Lievers and Winter (2018) and Zhong et al. (2018),
sound concepts are more prone to being expressed as verbs
in both English and Mandarin. It is shown in our data that
weather events with explicitly auditory components, for
example, R yif “rain,” 25 bdo “hail,” and F [éi “thunder,”
can function as verbs in Old Chinese. This serves as an addi-
tional piece of evidence for the relation between sensory
modalities and lexical categories. For example, Koptjevskaja-
Tamm and Sahlgren (2014) showed a strong correlation
between temperature concepts and adjectival status. Detailed
relations among weather phenomena, sensory modalities,
and word classes deserve closer examination in the future.

Our investigation also has the potential to shed light on the
unaccusative versus unergative contrast in weather expres-
sions. The Unaccusative Hypothesis (Perlmutter, 1978) and
Burzio’s Generalization (Burzio, 1986) provided the theoreti-
cal basis for the classification of intransitive verbs as either
unaccusative or unergative. An unaccusative verb (e.g., fall)
takes an internal argument which typically undergoes change
of state, while an unergative verb (e.g., run) takes an external
argument which initiates change. The debate on the unaccusa-
tive versus unergative status of weather verbs has been going
on for decades (Levin & Krejci, 2019). In the case of Chinese,
Y.-H. A. Li (1990) and Yang (1999) treat weather verbs, such
as | xia “to fall” and [ jiang “to fall,” as unaccusative
verbs, with the single argument appearing in the postverbal
object position as the main piece of evidence for unaccusativ-
ity. However, unaccusative, unergative, and even transitive
usages of weather verbs have been attested in Sinitic lan-
guages by the recent work of Dong et al. (2020b). Therefore,
how different types of weather verbs behave in terms of direc-
tionality, ontological categories, and encoding types calls for
further elaboration.

Another topic for future exploration is the conversion of
the ontological account provided in this article to an
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idealized cognitive model (ICM). An ICM is a structured
gestalt, in which knowledge represented is often a conceptu-
alization of experiences that are not congruent with reality
(Lakoft, 1987). For example, Tian in traditional Chinese cul-
ture may have various conceptualizations that are not “real-
istic,” and fog does not always happen in the morning; they
just reflect idealized scenarios. Adopting ICM may shed fur-
ther light on the nature of linguistic expressions of weather
events in Sinitic and other languages.

Last but not least, this study also opens up possibilities for
highly innovative interdisciplinary studies in at least two
areas. The first deals with language technology and knowl-
edge engineering. We have shown that Chinese writing sys-
tems can be leveraged for challenging language processing
tasks (Chen et al., 2019). Koptjevskaja-Tamm and Sahlgren
(2014) have also demonstrated how to extract more precise
weather senses, related to temperature in particular, across
different genres using distributional semantic approaches.
Discovery of weather information based on texts has a very
high potential societal impact, yet remains technologically
challenging. In addition, we observed that the historical
Chinese texts, ranging from official astrological observa-
tions to detailed description of micro-weather in widely
available local gazetteers, represent the single longest-last-
ing coverage of the earth’s weather changes. Our current
study could facilitate future work to convert the observa-
tional data to the most comprehensive knowledge base and
ontology of weather and weather changes in human history.
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