Supplementary Information
A computational, cross-linguistic analysis of semantic frame construction in Chinese, Spanish, and German climate discourse using corpus-based distributional semantics

Supplementary Table S1. Number of speeches per language and year (2015–2023)

	Year
	Chinese
	Spanish
	German

	2015
	20
	7
	9

	2016
	23
	10
	8

	2017
	15
	13
	9

	2018
	25
	16
	14

	2019
	28
	17
	13

	2020
	17
	20
	13

	2021
	26
	25
	23

	2022
	22
	30
	35

	2023
	15
	29
	26

	Total
	191
	167
	150


Note. The German subcorpus draws on sixteen speakers across federal and EU-level institutions; the Spanish subcorpus covers the President of the Government of Spain across the Rajoy and Sánchez administrations; the Chinese subcorpus covers Xi Jinping and Li Keqiang.

Supplementary Table S2. Spanish Word2Vec Analysis Data

	The Frames
	Keywords
	Top 9 most semantically similar words for keywords (sorted by relevance in descending order)

	Global Responsibility Frame
	cambio_climático
	mitigación 0.75; adaptación 0.75; transnacional 0.70; situarlo 0.69; fenómeno 0.65; desafío 0.64; terrorismo 0.64; desastres 0.63; marítima 0.63

	
	solidaridad
	absoluta 0.95; mano 0.96; región 0.95; toda 0.94; fuerza 0.94; defendemos 0.95; humanidad 0.95; coherencia 0.94; libertad 0.95; prioridad 0.95

	Technological Innovation Frame
	tecnología
	importancia 0.94; tecnológico 0.95; ambición 0.94; duradera 0.93; promover 0.94; liderar 0.93; digitalización 0.95; salud 0.93; dimensión 0.95; base 0.94

	
	innovación
	estabilidad 0.95; cohesión 0.96; cuarta 0.95; convivencia 0.94; modernización 0.94; territorial 0.95; futura 0.96; autonomía 0.94; salud 0.96; reindustrialización 0.95

	National Interest Frame
	soberanía
	implicación 0.97; integridad 0.98; policía 0.96; ampliación 0.96; transparencia 0.96; universidad 0.96; lengua 0.97; proyección 0.96; propia 0.97; inestabilidad 0.97

	
	interés
	multilateralismo 0.94; reconocimiento 0.95; turismo 0.93; depende 0.93; cultural 0.93; diversidad 0.93; avance 0.94; creciente 0.93; personal 0.94; territorio 0.94


Note. The cambio_climático row was corrected following reanalysis against the underlying corpus (see Section 4.5.1 of the main text). Similarity values were computed using a skip-gram Word2Vec model (100 dimensions, window = 5, min_count = 5, 10 epochs). Semicolons separate neighbouring terms.

Supplementary Table S3. Chinese Word2Vec Analysis Data

	The Frames
	Keywords
	Top 9 most semantically similar words for keywords (sorted by relevance in descending order)

	Global Responsibility Frame
	全球
	贸易 0.85 ；消费 0.83 ；秩序 0.82 ；出口 0.82 ；竞争力 0.81 ；多边 0.81 ；积极参与 0.81 ；互联网 0.81 ；工业化 0.81

	
	共同体
	命运 0.96 ；家园 0.85 ；旗帜 0.84 ；构建 0.84 ；携手 0.84 ；一道 0.83 ；人类 0.83 ；伙伴 0.82 ；共同 0.82 ；打造 0.82

	Technological Innovation Frame
	创新
	驱动 0.83 ；人才 0.83 ；科技 0.82 ；成果 0.82 ；引领 0.79 ；自主 0.77 ；拓展 0.77 ；平台 0.76 ；载体 0.76 ；主流 0.76

	
	科技
	新一轮 0.90 ；拓展 0.86 ；壮大 0.85 ；竞争 0.85 ；趋势 0.84 ；潜力 0.84 ；视野 0.84 ；开 0.84 ；军民 0.84 ；创新 0.84

	National Interest Frame
	利益
	权利 0.88 ；根本利益 0.87 ；福祉 0.87 ；权益 0.86 ；联系 0.89 ；农民 0.85 ；普遍 0.85 ；期盼 0.85 ；日益增长 0.85 ；直接 0.85

	
	主权
	尊严 0.95 ；彼此 0.93 ；多样性 0.93 ；平 0.93 ；益 0.92 ；贡献者 0.92 ；长治久安 0.92 ；普遍 0.92 ；历史观 0.92 ；正义 0.92


Note. Similarity values computed as in Supplementary Table S2. Chinese texts were pre-tokenised with Jieba.

Supplementary Table S4. German Word2Vec Analysis Data

	The Frames
	Keywords
	Top 9 most semantically similar words for keywords (sorted by relevance in descending order)

	Global Responsibility Frame
	klimawandel
	kampf 0.972 ； auswirkungen 0.971 ； biodiversität 0.968 ； meere 0.966 ； anpassung 0.966 ； folgen 0.965 ； umsetzung 0.962 ； erhalt 0.959 ； ökologischen 0.959 ； energiewende 0.958

	
	solidarität
	zweitens 0.996 ； nachhaltigkeitsziele 0.996 ； ermöglichen 0.996 ； bereiche 0.995 ； beschäftigen 0.995 ； voranzubringen 0.995 ； erzeugen 0.995 ； richtigen 0.995 ； mobilisieren 0.995 ； region 0.995

	National Interest Frame
	sicherheit
	frieden 0.976 ； entwicklung 0.973 ； energiewende 0.972 ； energie 0.970 ； schäden 0.969 ； industrie 0.967 ； biodiversität 0.966 ； nukleare 0.964 ； wirtschaft 0.964 ； natur 0.963

	
	interesse
	fortschritte 0.993 ； vereinigten 0.993 ； verhandlungen 0.992 ； atomkraft 0.992 ； markt 0.992 ； funktioniert 0.992 ； politischen 0.992 ； projekt 0.992 ； sowohl 0.992 ； geopolitischen 0.991

	Technological Innovation Frame
	innovation
	ihn 0.996 ； langfristig 0.995 ； entwickelt 0.995 ； verstehen 0.995 ； beste 0.995 ； generationen 0.995 ； eigene 0.995 ； arbeitsplätze 0.995 ； schließlich 0.995 ； volkswirtschaft 0.995

	
	technologie
	aufholjagd 0.995 ； kapital 0.995 ； klimapolitische 0.995 ； verbrauchen 0.995 ； droht 0.995 ； schaden 0.995 ； energiepreise 0.995 ； zusammenhalt 0.995 ； wahrheit 0.995 ； zugang 0.995


Note. The original frame labels for the National Interest (sicherheit, interesse) and Technological Innovation (innovation, technologie) rows were transposed in the initial manuscript and have been corrected here. Similarity values computed as in Supplementary Table S2.
Supplementary Table S5. BERT Cross-linguistic Similarity: Permutation Test and Bootstrap Confidence Intervals

	Frame
	Language pair
	Term 1
	Term 2
	Observed similarity
	95% CI low
	95% CI high
	p (two-tailed)

	National Interest
	ZH–ES
	主权
	soberanía
	0.658
	0.615
	0.666
	< .001

	National Interest
	ZH–DE
	主权
	souveränität
	0.576
	0.500
	0.591
	.029

	National Interest
	ES–DE
	soberanía
	souveränität
	0.555
	0.508
	0.566
	< .001

	Technological Innovation
	ZH–ES
	科技
	tecnología
	0.618
	0.588
	0.630
	.003

	Technological Innovation
	ZH–DE
	科技
	technologie
	0.568
	0.511
	0.588
	.031

	Technological Innovation
	ES–DE
	tecnología
	technologie
	0.761
	0.706
	0.771
	< .001

	Global Responsibility (supplementary)
	ZH–ES
	共同体
	solidaridad
	0.632
	0.607
	0.646
	.003

	Global Responsibility (supplementary)
	ZH–DE
	共同体
	solidarität
	0.604
	0.568
	0.624
	.012

	Global Responsibility (supplementary)
	ES–DE
	solidaridad
	solidarität
	0.867
	0.851
	0.871
	< .001


Note. Cosine similarities were computed between mean-pooled contextual embeddings from bert-base-multilingual-cased. p-values are two-tailed permutation test results (1,000 random content-word pairs per language pair). 95% CIs were estimated via bootstrap resampling of instance-level embeddings (1,000 resamples). n = number of contextual instances used for the term’s mean embedding. The Global Responsibility comparisons are supplementary analyses not reported in the main text. ZH = Chinese; ES = Spanish; DE = German.

 
Supplementary Methods

S1. Frame Annotation Criteria

Texts were annotated for three frames following Entman’s (1993) four-component model (problem definition, causal attribution, moral evaluation, treatment recommendation). Each text segment was assigned to one of the three frames—Global Responsibility, National Interest, Technological Innovation—based on the dominant conceptual orientation of the segment. Frame-representative seed terms (two per frame per language) were selected on the basis of (a) high TF-IDF weight within the respective frame-annotated subcorpus, (b) semantic coherence with the frame’s theoretical definition, and (c) minimum frequency ≥ 5 in the Word2Vec training corpus. The seed terms used are listed in Table 1 of the main text.

S2. Word2Vec Parameters

Word2Vec models were trained independently for each language using Gensim (Řehůřek & Sojka, 2010) with the following configuration: skip-gram architecture (sg = 1); vector dimensionality = 100; context window = 5; minimum token frequency = 5; training epochs = 10; random seed = 42. Preprocessing included lowercasing, punctuation removal, and—for Spanish and German—simple whitespace tokenisation; Chinese texts were pre-tokenised with Jieba and supplied as space-delimited strings. No stopword removal was applied prior to training; stopword filtering was applied only when constructing the random word pools used in the BERT permutation test (Supplementary Method S3). Cosine similarity was used to identify the top-9 most similar terms for each seed term. The full similarity data are provided in Supplementary Tables S2–S4.

S3. BERT Cross-linguistic Significance Testing

Cross-linguistic semantic similarity was assessed using bert-base-multilingual-cased (Devlin et al., 2019) via the Huggingface Transformers library. For each seed term, all sentence-level contexts containing the term were retrieved from the respective corpus (up to 60 instances per term; see column n in Supplementary Table S5). Sentence-level contextual embeddings were obtained by mean-pooling the last hidden state across all sub-word tokens corresponding to the target term’s word position(s). A term-level mean embedding was computed by averaging across all retrieved instances.
Cross-linguistic cosine similarity was computed between the mean embeddings of corresponding seed terms across language pairs. To test whether these values exceed chance, a permutation null distribution was constructed for each language pair by randomly sampling 1,000 pairs of content words (frequency ≥ 10, excluding stopwords and seed terms) from the two corpora, computing their cosine similarity, and recording the distribution of similarities. The observed term-pair similarity was compared against this null distribution; the two-tailed p-value is the proportion of |null – null_mean| ≥ |observed – null_mean|. Bootstrap 95% confidence intervals were estimated by resampling (with replacement) the instance-level embeddings underlying each term’s mean vector 1,000 times and recomputing the cosine similarity for each resample. Full results are provided in Supplementary Table S5.
Note: German seed terms for the National Interest frame (souveränität: n = 2) and Technological Innovation frame (technologie: n = 9) were attested in very few contextual instances, limiting the stability of German-involving estimates. These should be treated as preliminary pending replication with a larger corpus.
