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Abstract

Geopolitical risk (GPR) indices based on fixed, handcrafted dictionaries often miss
local context and evolving hybrid-warfare tactics. This thesis introduces an LLM-assisted
“prompt—filter—count” workflow that generates 40 Mandarin, Taiwan-specific GPR dic-
tionaries, converts each into a weekly series, and takes their median as the headline index.
Using 3.3 million news articles (2017—2024), the ensemble mitigates LLM output ran-
domness (mean pair-wise correlation = 0.70) while preserving transparency. The median
index captures a wider range of risks—military escalation, diplomatic isolation, economic
coercion, cyber/information attacks, and internal politics—than Caldara’s global list and
is more balanced than Lau’s Taiwan adaptation. Event-study tests show the index flags
Taiwan-specific shocks that legacy lists miss: economic exclusion (Taiwan’s IPEF omis-
sion), Beijing-driven ally switching (Honduras & Nauru), regional-security shake-ups
(South Korea’s 2024 martial-law scare), and leadership-transition uncertainty around Xi’s

third term and the 2024 U.S. election. Source-level analysis reveals sharp contrasts: Lib-

111 doi:doi:10.6342/NTU202503488


http://dx.doi.org/doi:10.6342/NTU202503488

erty Times shows episodic surges, China Times steadier output but signs of content farm-

ing, cautioning against naive denominator use in news-share indices. A seven-variable

quarterly SVAR indicates Taiwan’s economy is resilient: a two-s.d. GPR shock precedes

higher investment, longer work hours, rising equity prices, and a short-lived dip in implied

volatility. The method’s low cost, minimal curation, and interpretability make it adaptable

to other contexts, such as TSMC-specific or cross-country risk indices.

Keywords: large language model, geopolitical risks, text analysis
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Chapter 1 Introduction

Geopolitical risk (GPR) has moved from the periphery to center stage, even more
visibly after Russia’s invasion of Ukraine in 2022. Building on the computational gains
and large-scale news digitization of the last decades, Caldara and Iacoviello [2018, 2022]
proposed a simple yet powerful idea: construct a dictionary of GPR related terms, count
their frequency in major English language outlets, and normalise that share into an index.
Their global GPR series is now a “workhorse” variable in studies that range from the oil-
stock nexus over 1899—2016 [ Antonakakis et al., 2017], to volatility spill-overs [Smales,
2021], quantile responses in BRIC equities [Rawat and Arif, 2018], and the macro conse-
quences of shock size [Brignone et al., 2024] and inflation[Caldara et al., 2022]. Yet two
intuitive mismatches stand out. First, the Caldara—Iacoviello approach is U.S. centric
and English centric; translating it directly into Mandarin news may miss Taiwan specific
risk cues. Second, Taiwan’s primary external threat is China, whose toolkit increasingly
relies on hybrid and cognitive warfare such as diplomatic isolation, disinformation, and
economic coercion [Hung and Hung, 2022, Pietrzak, 2025]. If warfare itself evolves, the

words that proxy for that warfare must evolve as well.

Creating such an updated dictionary by hand is daunting: hybrid operations cut across
the military, political, economic, cyber and informational spheres. Instead, this thesis asks:

Can large language models (LLMs) generate a Taiwan tailored, Mandarin GPR dictionary
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that outperforms general purpose manually crafted dictionary?

We choose to keep with the dictionary approach rather than a full LLM classification
pipeline. First, ask LLM to generate a Taiwan-specific dictionary. Second, follow the tra-
ditional Caldara frequency count mechanism with the dictionary, yielding the GPR index.
Third, rather than trusting a single LLM output, we prompt four frontier models across five
institutional “roles,” run each prompt ten times, retain 40 valid dictionaries, and compute
40 weekly indices. Taking their median yields a stable Taiwan-GPR series that is robust
to prompt stochasticity. This two-step design keeps token costs manageable, preserves in-
terpretability, and allows analysis of why a particular word inflates or deflates the index,
which is a crucial feature given earlier evidence of LLM bias and context blindness[Li

et al., 2024].

The thesis is structured as follows.

1. Data and dictionary generation (chapter 2). We use 3.3 million Mandarin articles
(2017—2024) from three leading Taiwanese outlets and prompt GPT-4.1 to propose

Taiwan specific GPR dictionary.

2. Index construction and diagnostics (section 3.1). We compare the new series

against the Taiwanese adaptation by Lau [2024].

3. Spike attribution and category analysis (section 3.2 - section 3.4). Event studies
reveal that LLM generated word lists tied to diplomatic crisis and internal political

instability flag additional peaks that the traditional dictionary misses.

4. Macroeconomic relevance (section 3.5). A structural VAR model shows that Tai-

wan is resilient to geopolitical risk increase.

2 doi:doi:10.6342/NTU202503488
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Our contributions are twofold: on one hand, we introduce an LLM-assisted dictionary
workflow that balances scalability with transparency. On the other hand, we deliver the

first Mandarin GPR index that accounts for hybrid warfare signaling of Taiwan.

The remainder of the thesis is organized as outlined above and concludes in chapter 4

with limitations and avenues for future research.
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Chapter 2 Data and Dictionary

Construction

2.1 Data Sources

We use CommonCrawl News(CC-News) as our news source. CC-News is a dataset
that contains news articles from all over the world and is released by Common Crawl.
Common Crawl continuously releases freshly crawled data on a sub-day basis, which
is different from the Common Crawl corpus (CC-MAIN) monthly release. The dataset
started in late 2016 to this day. It is web crawl data, and suffers from the limitations
of internet data. Websites’ revisions and policy changes, crawling list changes, network

issues, etc. all may affect the crawled data.

We filtered the dataset to only leave three outlets: China Times (" B 8 #%), United
Daily (% 4-#R), Liberty Times (& ® B #&). One of the reasons to choose them is that
they are the only three privately owned, general-interest Chinese-language newspapers in
Taiwan, while Lau [2024] also chose China Times and United Daily. They also repre-
sent different political positions, covering both pro-KMT and pro-DPP. Another reason
is that they have more continuous data in history, which other outlets were missing over
one-third of time periods. We further limited the date range to 2017-01-01 to 2024-12-
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31, because both the start and end of data have heavy missing issues. The final dataset
includes 3,315,530 articles, consisting of 45% China Times, 38.5% United Daily, and

16.4% Liberty Times.

2.1.1 Missing Data Patterns

Despite selecting outlets with better coverage, missing data remains present in our
dataset. China Times has 68 missing weeks out of 418 (16.3%), Liberty Times has 44
missing weeks (10.5%), and United Daily has 74 missing weeks (17.7%). The missing

patterns reveal two distinct causes:

First, the substantial missing data in 2017, particularly for United Daily (47 consec-
utive weeks), reflects the early instability of CC-NEWS’s site list. United Daily appears

to have been added to the crawling list only after 2018.

Second, the increasing missing data from late 2023 onwards across all newspapers
likely results from websites implementing bot-blocking measures in response to increased
LLM-based crawling. We confirmed that China Times currently blocks CCBot in their

robots.txt file, though the exact timing when this blocking began is unknown.

These missing data patterns are important limitations to consider when interpreting
GPR index results, particularly for 2017 (where United Daily’s perspective is largely ab-
sent) and 2024 (where all three newspapers show significant gaps).
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2.2 LLM Dictionary Generation: A Two-Step Approach

We employ a two-step LLM prompting strategy to generate Taiwan-specific GPR
dictionaries. This approach addresses LLM output instability while enabling structured

analysis through fixed categories.

2.2.1 Step 1: Role-Based Dictionary Generation

The first step explores diverse institutional perspectives on Taiwan’s geopolitical
risks. We prompt four models (Claude-Opus-4, Gemini-2.5-Pro, GPT-4.1, GPT-40) to
assume five distinct roles: president, defense minister, National Security Bureau (NSB)
director, political science professor, and journalist. We attempted 40 dictionary genera-
tions (4 models % 5 roles x 2 runs), but 5 failed validation by using forbidden OR operators,

yielding 35 valid dictionaries.

The prompt structure remains minimal:

1. Role specification (e.g., “You are Taiwan’s president™)
2. Task definition (“Generate a GPR dictionary for Taiwan”™)
3. Output format (categories with AND-operator word sets)
The complete prompt templates for both Step 1 and Step 2 are provided in Ap-

pendix section A.1 and Appendix section A.2.

Step 1 reveals striking similarity across roles: all identify military threats, diplomatic
pressure, economic coercion, and information warfare as core risks. The 35 dictionaries

7 doi:doi:10.6342/NTU202503488


http://dx.doi.org/doi:10.6342/NTU202503488

collectively generate 172 unique category names, but these largely represent naming vari-
ations of the same concepts. For instance, “Military Escalation”, “Military Tensions”,

“FEF >, and “direct military threat” all capture similar risk dimensions.

However, the resulting GPR indices show low pairwise correlations (see section 3.1),
suggesting substantial variation in word selection despite conceptual similarity. This mo-
tivates Step 2: rather than choosing a single role’s perspective, we seek to combine insights

from all five institutional viewpoints into a unified framework.

2.2.2 Step 2: Fixed-Category Consolidation

The second step standardizes outputs through fixed-category prompting. We ana-
lyzed 172 unique categories from Step 1 and consolidated them into eight representative

groups based on conceptual overlap and coverage completeness:

+ Military Escalation

* Diplomatic Isolation

* Economic Coercion

» Regional Security

* Internal Political Instability
* Gray Zone Operations

* US-China-Taiwan Relations

» Cyber and Information Warfare

These eight categories capture almost all risk dimensions from step 1 results. No-

tably, we merged ’cross-strait political tensions’ into Military Escalation since political
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rhetoric without military backing rarely constitutes significant geopolitical risk in Tai-

wan’s context.

For Step 2, we instruct the same four models to generate word sets for each fixed
category. Each model runs 10 times, producing 40 dictionaries with an identical struc-
ture. We calculate the median GPR index across dictionaries with confidence intervals,

addressing the single-dictionary limitation of traditional approaches.

2.3 Result Dictionary

Table 2.1 presents a representative Step2 dictionary showing our fixed eight-category
structure. Compared to Caldara’s dictionary, there are several differences that need to
be clarified. First, we discard proximity search, but LLM yields more specific and long
terms which balance the question that it may not capture relevant risks. For example,
% B /> X ] can be seen as two consecutive words, & Bl | and T4~ A which is a
stronger version of proximity search. Second, unlike English where words may appear
in multiple forms (e.g., plurals or past tense) that need to be included in the dictionary as
Caldara did, Chinese words usually remain unchanged across such variations, simplifying
the dictionary. Third, we did not try to choose core words, nor try to distinguish acts
and threats categories, which contradicts our goal to conduct GPR analysis with lacking

domain knowledge.

Our dictionary also captures a much wider set of hybrid warfare concepts than the
manual dictionaries such as Lau [2024] and Caldara and Iacoviello [2022]. Seven of the
eight categories do not belong to traditional warfare risks. This difference indicates that
the model reflects local and recent trends. Taiwan’s geopolitical main concern is to deter

9 doi:doi:10.6342/NTU202503488
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a possible invasion from China, while China seeks to counter such preparations. Thus,
related terms such as economic coercion, potential foreign intervention; diplomatic iso-
lation, infrastructure threats, and cyber and information attacks are relevant. Words de-
scribing direct war acts are less frequent in the dictionary probably because no war act has
occurred in decades around Taiwan. The same reason makes a standard global dictionary
such as Caldara and lacoviello [2022] less suitable for Taiwan, resulting in Lau’s GPR
index containing one dominant category contributing 86% of the index since those direct
act categories are nearly impossible to be mentioned in Taiwan’s news. On the contrary,
the LLM yields a more balanced set of categories, with the top contributor accounting for

only 42%. This suggests our index captures a broader range of risks.

Consequently, the LLM offers a more context-aware and accurate dictionary on Taiwan-

specific geopolitical risk.
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2.3. RESULT DICTIONARY 11

Table 2.1: Example Search Queries and Word Sets!

Panel A. Search categories and search queries

Category Search query

Military Escalation military threats AND cross_strait tensions

Internal Political Instability =~ domestic_unrest AND political polarization

Diplomatic Isolation diplomatic_pressure AND international recognition
Regional Security regional tensions AND alliance security

Economic Coercion economic_sanctions AND trade warfare

Gray Zone Operations hybrid_threats AND gray zone tactics

US-China-Taiwan Relations us_china_competition AND taiwan_strait_dynamics

Cyber & Information Warfare cyber attacks AND cognitive warfare

Panel B. Search word sets (selected examples)

Word set Keywords / phrases

military_threats EFERE > AANEG > EFEHE > BFAR > RA&%— EFRE > REAY - £FNR
o RESE > EFS BFAMK EFAL KTRE > EFH - BFRY £
FERAAHE EFEKR BFFL

cross_strait_tensions MAERIR GHBEM BT R s EMES EEAM BEER > HBFHE > BHER
FlE > FRLES > FRES BREY > MR HHEY - RN RESH
EFFEIN > BB SHEAY AEEF

diplomatic_pressure PR AR EFRINSE 0 ShRATR  Bi R A IR K 0 AR EH ) BRH&K - MR
oo RRE o SALEIE o BRATR > SRR BT 0 ShRINL 0 BB 5 MR
Jotk o R Bk o MR AT

economic_sanctions BIRFIR - AR SRR ERE - Boga AR - HATIE > BFK
o HHRA BRI IR HBRE BRI A H RS BFEE B
EH R AHAK > BFAITR

cyber_attacks WA E > BEANME s FRBRY 0 WRE > BERRE  THINR @ERR 0 BUE S
B HRRA o BBAE 0 AASE > WBHR TLFH ARG BERE 0 F

regional_tensions ERER PRE% - @EFH > REFKR BRER  EXAY > BRIR > BET
Ko BERIAE S ARAD BERAMK S EXER BRI EER BRHE > 7
K& BERge  BREK

us_china_competition EFHI KBRS VAN B%iF» 2 FHR 14K KEWHHE 270K
8 Wb AP RR FMEF 0 AP EE  HEHRF APRECB%AN 0 X
B3 2 ¢ 595 Btz

gray zone_tactics REW o B REM  BAOCE > BERE BEF REFH - F5H K% > R
EHM - BT REFTY REKB > T REHE > BERE » BEFAT
B REIE  FHHER

doi:doi:10.6342/NTU202503488
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Chapter 3 Empirical Results

3.1 GPR Index: Computation & Time-Series Results

To build the GPR index, articles are flagged as GPR relevant if they satisfy at least
one of the category queries. Each category represents a specific channel through which
geopolitical risk manifests and is formalized as a Boolean search query combining word

sets from the dictionaries described in Table 2.1.

Aggregation is performed weekly to average out day-of-week effects. The index for

week ¢ is computed as:

# flagged articles,

GPR Index; = (3.1

Total articles;
This value represents the share of total news coverage that signals potential geopo-
litical risk. We then scale each index to mean = 100 following Caldara and Iacoviello

[2022].

Using the 40 Step2 dictionaries generated through our fixed 8-category approach, we
calculate 40 individual GPR indices and take their median as our primary measure. This

ensemble approach addresses LLM randomness concerns while ensuring all dictionaries

13 doi:doi:10.6342/NTU202503488
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share the same category structure. The mean pairwise correlation among the 40 Step2 in-
dices is 0.698, indicating substantial agreement. In contrast, the mean pairwise correlation
among the 35 Step1 indices is 0.493, demonstrating that the fixed-category approach in

Step2 provides notably higher consistency.

For comparison, we also compute Lau [2024]’s GPR index. The correlation between
our Step2 median index and Lau’s index is 0.611, demonstrating strong alignment despite

different methodological approaches.

Figure 3.1 presents the GPR index, while Figure 3.3 provides a direct comparison
between our index and Lau’s index on the same scale. The peaks in Figure 3.2 are iden-
tified by any continuous weeks that indexes are larger than one standard deviation above
the mean. Most trends and peaks are similar, but both indices have some unique peaks
that only appear in one version. We discuss those distinct peaks that only appear in our

version in the next section (section 3.2).

We also examine the trend and levels of each category in Figure 3.4. For each cat-
egory, we calculate 40 step 2 separate indices using that category’s article counts as the
numerator and total articles as the denominator. We then take the median across these 40
indices for each week, following the same ensemble approach used for the overall GPR
index. The results show each category’s GPR index having peaks at different times con-
firms that categories are moderately balanced and capture distinct risk dimensions even

though no balance requirement was specified in the prompt.

OWe use only Lau’s dictionary to calculate this index. The data sources and index construction method-
ology follow Caldara’s approach, not Lau’s method.

14 doi:doi:10.6342/NTU202503488
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Figure 3.2: Weekly GPR Index with spikes tagged
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Figure 3.4: Taiwan GPR Index by Category
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3.2 Unique-Spike Event Analysis

We then deep dive into unique spikes from our index and their underlying causes.
Table 3.1 summarizes each spike. The summary shows that our index’s unique strength
lies in capturing multi-dimensional geopolitical risks beyond traditional military tensions.
While both indices detect major military events like Pelosi’s visit, our approach uniquely
identifies: economic exclusion (IPEF framework), diplomatic isolation campaigns (Hon-
duras, Nauru), technology warfare intersections (chip export controls), regional security
realignments (Japan defense strategy, South Korea martial law), and strategic uncertainty

from leadership transitions (Xi’s third term, US elections).

Table 3.1: Major unique spikes in the GPR index

Peak week Event Description

2021-10-04 Cross-Strait military escalation Record 38-39 daily PLA aircraft incursions into Taiwan’s ADIZ marked
unprecedented military pressure ahead of National Day celebrations;
domestic debates questioned defense readiness while cognitive warfare
concerns emerged alongside traditional military threats amid ongoing

strategic competition.

2021-12-06 US-China strategic competition ~ Australian assessments of China’s pandemic-weakened power coin-
cided with Taiwan’s contentious referendum campaigns and online in-
fluence operation controversies; Bob Dole’s death recalled Trump-Tsai
diplomatic breakthrough while defense strategists debated denial strat-

egy amid Omicron variant emergence.

2022-05-23 IPEF exclusion, Taiwan Biden’s Indo-Pacific Economic Framework launch excluded Taiwan
despite security commitments, exposing economic-security disconnect
in American strategy; Australian Labor victory maintained firm China
stance while Taiwan faced regional economic marginalization amid crit-

icism of US inconsistency.

2022-10-10 Cross-Strait military escalation Chinese military exercises intensified following US semiconductor ex-
port controls targeting China’s technology sector; chip war dynamics
intersected with military tensions while Russia-Ukraine conflict paral-
lels reinforced Taiwan’s vulnerability narrative and civil defense prepa-

rations.

Continued on next page
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Table 3.1: Major unique spikes in the GPR index (Continued)

2022-10-24 Cross-Strait unification Xi Jinping’s unprecedented third term confirmation signaled hardline
pressure Taiwan policy continuation amid technological decoupling and global

recession fears; Ukraine war implications and 1UJS-China tech restric-

tions created multidimensional pressure on Taiwan’s security and eco-

nomic resilience.

2023-01-09 Cross-Strait military escalation China’s large-scale military drills responded to planned McCarthy-Tsai
meeting while Japan’s defense strategy explicitly mentioned Taiwan;
supply chain restructuring accelerated as geopolitical blocs solidified

around US-China competition amid broader deglobalization trends.

2023-03-13 Cross-Strait diplomatic Honduras diplomatic severance reduced Taiwan’s allies to thirteen
isolation demonstrating Beijing’s sustained isolation campaign; Russia-Ukraine

war’s second year heightened Taiwan invasion analogies while semi-

conductor diplomacy emerged as central survival strategy amid inten-

sifying strategic competition.

2023-12-11 South China Sea tensions Philippines-China confrontations in disputed waters escalated alongside
Taiwan election interference concerns; US Congressional dysfunction
over Ukraine aid exposed alliance reliability questions while technology
competition and regional maritime tensions created complex security

environment.

2024-01-15 Taiwan Election Fallout Lai Ching-te’s presidential victory triggered immediate Nauru diplo-
matic severance orchestrated by Beijing; electoral outcome demon-
strated democratic resilience while China’s swift retaliation through
diplomatic isolation previewed intensified pressure campaign against

incoming administration.

2024-11-04 US Presidential Election Trump’s potential return created strategic uncertainty for Taiwan pol-
icy amid deepening US partisan divisions; cross-strait relations faced
unpredictability as transactional approaches threatened traditional se-
curity commitments while global flashpoints from Ukraine to Middle

East compounded instability.

2024-12-02 South Korea political crisis South Korea’s martial law crisis exposed regional democratic fragility
while US semiconductor export controls tightened on Chinese firms;
Taiwan Strait military pressure persisted as authoritarian trends inter-
sected with technology competition and ongoing Russia-Ukraine con-

flict implications.

3.3 Keyword & Category Decomposition

To double-check the validity of the index, we further analyze what category each
spike captured, and what words contribute to those GPR index rises.
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We first examine which words are most characteristic of spike periods. Table 3:2

shows the top 10 words that appear in at least half of the spike periods for each index,

ranked by their frequency ratio. The frequency ratio is defined as the word’s frequency

during spike periods divided by its frequency across the entire dataset. Our GPR index cap-

tures more specific Taiwan-related geopolitical terms with higher frequency ratios com-

pared to that of Lau’s more general military terms.

As for each category’s ratio to the overall index for each spike, which is shown in

Figure 3.5, in general, no dominant category with some exceptions. For example, 2022

Pelosi’s visit results in all-time high military escalation articles.

Table 3.2: Top words in spikes

Our GPR Index (21 spikes)

Lau’s GPR Index (22 spikes)

Word Freq. Ratio Spike Count| Word Freq. Ratio Spike Count
A= 7.25 11| 3+44 4.62 22
B £ 6.73 11| A% 2.99 22
& B arAT ik 6.14 11| 348 2.72 16
I AT R 5.85 14| B o 4 2.52 20
H—% 5.55 13| 34 2.51 22
BUE £ % 5.52 15| %% 2.26 22
BUS Ak 4.93 17| % 2.12 22
IR AR F 4.91 12|12 4 2.02 22
ERE Y 3 4.77 11| Fa 1.97 22
B e 4k R 4.75 14| R 7 & F 1.96 12

19

doi:doi:10.6342/NTU202503488


http://dx.doi.org/doi:10.6342/NTU202503488

Categories
= Military Escalation
= Diplomatic Isolation
= Economic Coercion
e Regional Security

= Internal Political Instability
“ Gray Zone Operations
4 US-China-Taiwan Relations
‘ “ Cyberand Information Warfare
@%Q
N
&

& 2

&
b

.0 | l
&
'P§

Each bar represents one spike event (S01-S19, sorted chronologically). The y-axis shows the ratio of
category-specific GPR index to overall GPR index during that spike period.

S
S
s o
S s

<J
je3

So
’\,}9

» >

> &
o >

\d
+ Ly

Figure 3.5: Category composition of GPR spikes
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Figure 3.6: Proportion of each category for ch.5 unique spikes
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3.4 Source-Heterogeneity Examination

This chapter analyzes source heterogeneity and its impact on Taiwan GPR index cal-
culation. The GPR index by different media in Figure 3.7 shows that the behavior is quite
diverse. Liberty Times tends to have a dramatic response to the GPR event and sometimes
reaches zero related articles. However, China Times and United Daily have a consistent
interest in GPR news while creating smaller spikes. We then look at all published arti-
cle counts for each newspaper as shown in Figure 3.8. The large discrepancy indicates
that each newspaper has a different content creation policy. The dramatic drop of Liberty
Times news count may indicate the media’s policy shift or the policy for bot crawling has
changed mentioned in subsection 2.2.1. The consistently higher count of China Times ar-
ticles actually comes from its policy to farm content, for example, daily summary of other

newspapers.

Another evidence is the correlation score of GPR index constructed by different
sources is much lower than Caldara and Iacoviello [2022]’s finding in US case. The Pear-
son correlation between China Times and Liberty Times is 0.475, between China Times
and United Daily is 0.78 and between Liberty Times and United Daily is 0.559. They
follow traditional view of their political position, from pro-KMT to pro-DPP, respectively
are China Times - United Daily - Liberty Times. While Caldara and Iacoviello [2022]
reported that between left and right newspaper, correlation is 0.87, Taiwan’s media have

larger position gap.!

To describe the gap, we list the top words that China Times and Liberty Times favor

"We also estimate it with enterprise traditional newspaper data on a small date range and using Lau’s
approach. The correlation between China Times and Liberty Times is 0.6, still significant lower than the
US case.
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differently in Table 3.3. We then choose some weeks that China Times and Liberty Times
give large GPR category ratio differences, and summarize the differences in Table 3.4.
It shows that Liberty Times frames China as an external threat and the U.S: as a partner.
Liberty Times also sees drills as intimidation which will backfire on the CCP. On the other
hand, China Times says the true danger is Taipei’s independence line, and therefore drills

are a predictable pushback.

We also construct a simple index which counts the ratio of articles mentioning ADIZ( ¥
%2 3 7| &) and compares it with the counts of Taiwan’s ADIZ violation by PLA in Fig-
ure 3.9. The figure shows that Taiwan’s media did not follow the actual events. This is
contrary to Caldara and lacoviello [2022]’s finding that media’s attention would not be
attracted away in the long run trend. The figure also shows Liberty Times has a much
higher interest in reporting ADIZ violation events which might come from its stance that

views China as an external threat to justify Taiwan’s independence.

The different media properties suggest that conducting Caldara and Iacoviello [2022]’s
original method to treat all articles equally from different newspapers needs more consid-
eration in Taiwan’s case. The raw counts inconsistent make our GPR index depend more
on China Times, resulting in a non-balanced aggregation. The high volatility of raw counts
in short time periods makes the GPR index greatly affected by other fields’ events. The
fact that even one of the mainstream media in Taiwan also does content farming indicates
that the denominator, count of all published articles, in the GPR index calculation needs
better filtering in preprocessing, compared to Caldara and lacoviello [2022]’s effort on

molecular, GPR-related articles filtering.
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Figure 3.7: GPR Index for each newspaper

This figure shows Liberty Times has sharp spikes and sometimes no coverage, while China Times is more
stable.
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Figure 3.8: Articles count for each newspaper (daily average)

This figure confirms different publication volumes may bias the denominator in the index calculation.
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Table 3.3: Relative word usage between China Times and Liberty Times

China Times (7 B 84%) | Liberty Times (& & 5¥3R)
Word Ratio’ | Word Ratiof
ik Bl R 0.27| & Ry 3 1.34
2 ) 2 0.56| B = X1 1.40
At TR G K 0.62| B £21% 1.40
GRS ¥ 0.63 | BB R A& 1.42 Note. A ratio below
Fes 0.65 | #& %, 1.46
48 7 ) AR 0.67| #h B & 1.46
RN 0.68 | & ¥ 429545 1.48
HEEDY 0.68 | W% %% 1.49
7R XA 0.69 | B H % A&, 1.53
k1 0.69 | Eam i 1.70

1 means the word appears proportionally less often in China Times than in Liberty Times; a ratio above 1

means the opposite.

"Ratio = China Times meanappearance rate + Liberty Times meanappearance rate.
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Table 3.4: Cross—Strait security framing in Liberty Times vs. China Times

Week

Liberty Times (pro-DPP)

China Times (pro-KMT)

2018-04-16

2019-02-04

2022-03-14

2023-08-21

Beijing’s live-fire drill framed as an exter-
nal coercion; Premier Lai says ” Taiwan is
already independent,” urging continued U.S.
arms sales.

Election cycle; PLA video “only deepens Tai-
wanese disgust,”

Ukraine war used to stress U.S. support with
stronger ” porcupine” defences; urge even
tougher conscription.

PLA sea—air drill after Lai’s U.S. transit cast
as China’s aggression; U.S. urges Beijing to

stop pressure and resume dialogue.

Drill portrayed as a justified warning to ”’pro-
independence” politicians; editorials blame
Lai for ”lighting the fuse” and call for talks
with Beijing.

warn DPP cannot escape independence prob-
lem

Ukraine cited to argue “relying on the U.S.
is suicidal”; only abandoning independence
keeps war away.

Drills framed as Beijing’s necessary response
to ”provocative” DPP moves; columns say
PLA can ”fight any time,” urging Taipei to

drop independence.

—o— hEER

—— EEER

012~ —— mam

BEARRR

0.10 -

0.08 -

0.06 =

0.04 -

0.02 -

0.00 - ==

o
%

<

5° $
o
»

@
$
¥
>

S »
o
-~

It
W2
N4
D

o

S
o

B

=175

- 150

=125

=100

Figure 3.9: Articles ratio mentioned ADIZ vs counts of ADIZ invasion
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3.5 VAR Analysis

In this section, we estimate the relationship between the GPR index and other macroe-
conomic indicators by using a structural VAR model. Follow Caldara and Iacoviello
[2022] settings, the VAR model using two lags and quarterly data. And we slightly changed
that making all variables stationary following Brignone et al. [2024]. Specifically, we take
the log-difference transformation of real fixed private investment and real TWSE Capi-
talization Weighted Stock Index(TAIEX), take first differences of the policy rate, while
party support rate and VIX remain in levels because they are already stationary. The log of
private work hours per capita is seasonally adjusted considering Chinese New Year. The
party support is the support rate of pro-DPP parties, since during our data range, DPP is the
ruling party. Therefore, the support rate of pro-DPP parties represents the government’s

support rate.

The shock is obtained by using a Cholesky decomposition with the GPR index or-
dered first exactly as Caldara and lacoviello [2022] did. Figure 3.10 shows the impulse
response to a two standard deviation shock to the GPR index. The results are almost op-
posite to traditional expectations of GPR shock. Investment, work hours, TAIEX returns,
and party support all respond to an increase; even VIX becomes lower in the short term.
All of the above are opposite to Caldara and lacoviello [2022]’s US findings. But it aligns
with Lopez Prol [2025]’s finding that Taiwan’s market keeps strong while GPR increased.
Another possible factor might be that monthly data is too vague to identify GPR effect as

Baur and Smales [2020] found, aligning with Antonakakis et al. [2017]’s result.

The real cause needs further investigation; one way is to estimate a DCC model on

daily GPR and market data, as Smales [2021] suggests.
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Figure 3.10: The Impact of Increased Geopolitical Risk
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Chapter 4 Conclusion

This thesis asks whether large language models can reliably supply Taiwanese GPR
dictionaries. By averaging the 40 indices implied by 40 LLM-generated dictionaries, we
obtain a median series that sharpens the hybrid-warfare signal while sidestepping single-
prompt idiosyncrasies. The ensemble cuts category imbalance, flags hybrid-tactic spikes
that earlier lists missed, and correlates 0.61 with Lau [2024] despite methodological dif-

ferences.

Decomposing the series by newspaper reveals substantial source heterogeneity; some
outlets swing between silence and saturation, and web crawling gaps occasionally distort
the article denominator. These findings raise concerns against treating press coverage as

homogeneous, especially on online media data.

Linking the index to the macroeconomics yields a surprisingly resilient picture. A
six-variable quarterly VAR indicates that a two standard deviation GPR shock is followed
by an increase in investment, work hours, and equity returns, alongside a brief fall in im-
plied volatility. Rather than contradicting the international literature, this pattern suggests
that Taiwanese markets have partly internalised a chronic level of geopolitical tension and
leaves open the question of how the stress affects micro-level firms, a possibility worth

exploring with higher frequency data.

29 doi:doi:10.6342/NTU202503488


http://dx.doi.org/doi:10.6342/NTU202503488

Beyond the Taiwan case, the exercise shows that very little domain expertise is re-
quired. The pipeline is essentially prompt, filter, count. Because the requirement of do-
main knowledge is outsourced to the model, the same workflow can target any topic, even
one defined only by a fuzzy question. One could, for example, instruct the model to tag
every article worldwide for “TSMC related geopolitical risk” and immediately obtain a
cross-country series that tracks how threats to the foundry arise across time and space. The
method also scales to a fully end-to-end classifier in which the LLM returns probabilities

rather than an intermediate dictionary step, removing the dictionary step altogether.

Several limitations remain. Crawler coverage fluctuates with site policy changes;
LLMs may be bad at earlier periods of historical data because nowadays data dominate
their training data; and LLM outputs still are in need of careful manual review. Future
work should experiment with daily financial linkages on a more accurate data source.
Even so, the thesis demonstrates that with careful curation, large language models can
assist traditional dictionary methods and offer a low-effort tool on the evolving research

of geopolitical risk.
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Appendix A — LLM Prompt Templates

This appendix presents the prompt templates used to generate GPR dictionaries through

LLMs.

A.1 Step 1: Role-Based Dictionary Generation

The Step 1 prompt uses role-playing to generate diverse dictionaries. The system

message varies the role (e.g., “Taiwan’s defense minister”, “foreign correspondent

%9 ¢¢

ident of Taiwan”) to obtain different perspectives on geopolitical risk.

Listing A.1: Step 1 Prompt Template

, “pres-

{

"system":

"user":

"You are {role}. Your task is to create a comprehensive
dictionary of Traditional Chinese keywords relevant for
identifying Geopolitical Risk (GPR) specifically related
to Taiwan.",

"Please generate a Geopolitical Risk (GPR) dictionary
focused exclusively on risks relevant to Taiwan, suitable
for analyzing Taiwanese news media (using Traditional
Chinese characters).

Your response MUST be a single JSON object containing two
top-level keys: ‘categories’ and ‘word sets’.

1.

***word sets **: Define multiple lists of keywords under
this key. Give each list a descriptive name related to

a geopolitical risk theme relevant to Taiwan. The
keywords within each list should be specific terms
(nouns, verbs, proper nouns, common phrases) used in
Taiwanese media to discuss that aspect of geopolitical
risk.

***categories **: Define GPR categories relevant to
Taiwan under this key. Each category should be a
key-value pair where the key is the category name and
the value is a string defining the category logic by
combining relevant ‘word set’ names using the "AND®
operator (e.g., “theme A AND theme B'). You can combine
any number of relevant word sets.
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Focus on terms and concepts frequently appearing in
discussions of potential conflicts, threats, military
buildups, diplomatic incidents, and other GPR events
related to Taiwan."

A.2 Step 2: Fixed 8-Category Dictionary Generation

The Step 2 prompt enforces a stable 8-category structure across all dictionaries to

ensure consistency while maintaining diversity in keyword selection.

Listing A.2: Step 2 Prompt Template

"system": "You are an expert in Taiwan's geopolitical risks. Your
task is to create a comprehensive dictionary of
Traditional Chinese keywords for identifying Geopolitical
Risk (GPR) specifically related to Taiwan.",

"user": "Please generate a Geopolitical Risk (GPR) dictionary
focused exclusively on risks relevant to Taiwan, suitable
for analyzing Taiwanese news media (using Traditional
Chinese characters).

STRICT REQUIREMENTS:

1. Create EXACTLY 8 categories - no more, no less

2. Categories MUST be these 8 (you may use slight
variations in naming but must cover these concepts):

- Military Escalation (ﬁ%zﬁ%&) - military threats,
exercises, deployments, cross-strait military
tensions

- Internal Political Instability (R¥BETIEE) -
domestic unrest, political polarization, internal
security threats

- Economic Coercion (£ %) - sanctions, trade
restrictions, supply chain pressure

- Diplomatic Isolation (#FPX3I8L) - international
recognition challenges, diplomatic pressure

- Cyber and Information Warfare (#B$EEME) - cyber
attacks, disinformation, cognitive warfare

- US-China-Taiwan Relations (£F &M1#%) - trilateral
dynamics, strategic competition

- Regional Security (E¥%4) - Asia-Pacific tensions,
alliance dynamics

- Gray Zone Operations (K &¥H47%) - hybrid warfare
below war threshold

3. **'word sets **: Define multiple lists of keywords under
this key. Give each list a descriptive name related to
the risk themes. Each list should contain 15-25
Traditional Chinese terms/phrases used in Taiwanese
media.

4. **“categories **: Each category should combine relevant
word set names using ONLY the 'AND' operator (e.g.,
‘military threats AND cross strait tensions”). Do NOT
use OR operators.

5. Ensure diversity in term selection across runs while
maintaining relevance to Taiwan's context."
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Both prompts use JSON schema validation to ensure structured output with the re-
quired ‘categories‘ and ‘word_sets‘ keys. The Step 2 prompt additionally-enforces exactly

8 categories and 15-25 words per word set through schema constraints.
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Appendix B — Supplementary Tables /
Code Links

This appendix provides supplementary tables and links to the code.

B.1 code link

https://github.com/daniel-bale/gpr-zero

B.2 Category Mapping Analysis: Consolidating GPR Cat-

egories into 8 Representative Groups

This section analyzes how the 172 unique categories found across all GPR dictionar-
ies can be mapped to 8 representative categories. This consolidation enables stable prompt

generation while maintaining comprehensive coverage of geopolitical risk dimensions.
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B.2.1 Rationale for Category Selection

B.2.1.1 Why “Cross-Strait Political Tensions” is NOT a separate category

In recent years, cross-strait political and diplomatic tensions rarely occur in isolation
- they almost always come with military escalation. Pure political rhetoric without mili-
tary backing does not constitute a significant geopolitical risk in the current environment.
Additionally, political tensions alone don’t qualify as hybrid warfare and are difficult to
justify as a standalone risk category. Therefore, cross-strait political elements are incor-

porated into Military Escalation where they manifest as actual threats.

B.2.2 The 8 Representative Categories

B.2.2.1 1. Military Escalation

Direct military threats, exercises, deployments, potential for armed conflict, AND

cross-strait military tensions.

Mapped Categories: Military Escalation, MilitaryConflictRisk, Military Escalation,

Military Tensions, Direct Military Confrontation, Military Conflict, ¥ ¥ &% (Military

Threat), & & A& (Military Exercise Intimidation), % %% 1F %} (Military Exercise Coer-

cion), direct military action, direct military confrontation risk, direct military threat,

military conflict, military exercise or threat, military risk, military tensions, threat of invasion,
B 3 % F 48 % AR (Direct Military Conflict Risk), CrossStraitTensions (when military-

related), Cross Strait Political Deterioration (when leads to military action), cross_strait conflict,
cross_strait military escalation, cross_strait political standoff (when involves military
posturing), cross_strait_political tension (when involves military threats), & /& # (Tai-
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wan Strait Crisis), # % & # (Strait Crisis), X # ¥ & (Sovereignty Dispute - when

contested militarily), sovereignty dispute escalation.

B.2.2.2 2. Internal Political Instability

Domestic political risks, internal unrest, and security threats within Taiwan.

Mapped Categories: Internal Instability, Internal Political Instability, Internal Political Instability,
Internal Political Stability, domestic instability, domestic_political risk, domestic_political risks,
domestic_unrest, M 3 %4 B & (Internal Security Threat), M 3 % 3% (Internal Infiltra-
tion), internal sovereignty debate under pressure, TaiwaneseElectionsRisk, Humanitar-

ian_Cerises.

B.2.2.3 3. Economic Coercion

Economic pressure, sanctions, trade restrictions, and supply chain vulnerabilities.

Mapped Categories: Economic Coercion, Economic Pressure, EconomicSanction-
sRisk, Economic_Coercion, Economic_Coercion_and Supply Chain Risk, Economic Pressure,
economic_and _technological coercion, economic coercion, economic_coercion_event,
economic_coercion_incident, economic_risk, economic_sanctions_event, economic_security incident,
42 7% 4 18 (Economic Coercion), 4& 7 ¥ #1 3% % 4 & % (Economic and Tech Security
Threats), Bl % 4| & (International Sanctions), Bl ¥ %] #% BL% (International Sanctions

Risk), tech _supply chain_risk, geopolitical supply chain_ disruption_risk, supply chain_disruption_risk.

B.2.2.4 4. Diplomatic Isolation

International recognition challenges, diplomatic pressure, and isolation campaigns.
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Mapped Categories: Diplomatic Crisis, Diplomatic Crisis manual, Diplomatic Iso-
lation, Diplomatic_Conflicts, Diplomatic_Isolation, Diplomatic_Isolation Campaign, diplo-
matic_coercion_event, diplomatic_conflicts, diplomatic_contention, diplomatic.isolation,
diplomatic_isolation_crisis, diplomatic_isolation_incident, diplomatic_isolation_pressure,
diplomatic pressure, diplomatic pressure and isolation, diplomatic pressure incident,

international diplomatic_pressure, 7 2 95 sz (Diplomatic Isolation).

B.2.2.5 5. Cyber and Information Warfare

Digital threats, cyber attacks, disinformation campaigns, and cognitive warfare.

Mapped Categories: Cyber & Disinformation Threats, Cyber & Information War-
fare, Cyber and Disinformation Threat, Cyber and Disinformation Threats, Cyber and
Information Warfare, Cyber/Information Warfare, CyberSecurityThreats, Cyber Threats,
Cybersecurity Threats, cybersecurity risk, cybersecurity risks, cybersecurity threats, in-
formation_warfare, cognitive_and cyber warfare, 4% 5 % (Cyber Attack), #8 % 32 &

A (Cyber and Information Warfare), 3 4= ¥ 8 (Cognitive Warfare), internal_disinformation_campaign.

B.2.2.6 6. US-China-Taiwan Relations

Trilateral dynamics, strategic competition, and great power involvement.

Mapped Categories: US-China-Taiwan Strategic Risk, US-China-Taiwan Tensions,
USChinaTaiwanRelations, US_China Taiwan Dynamics, US China Tension_over Taiwan,
us_china_confrontation over taiwan,us china escalation over taiwan,us china_ standoff over taiwan,
us_china taiwan_tensions, us_taiwan_china triangular friction, Major Powers Involve-
ment, Foreign Intervention Risk, foreign defense support, foreign military involvement,
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US-Taiwan Security Dynamics, US_Taiwan_Support, us_defense support and arms_sales,

us_diplomatic_interaction, us_intervention_signal, us_security support for taiwan,us_taiwan_security c

B.2.2.7 7. Regional Security

Broader Asia-Pacific tensions, regional conflicts, and alliance dynamics.

Mapped Categories: Regional Security Tensions, Regional Security Risk, B 3%
% 7k (Regional Tensions), & 3% f# % (Regional Conflict), & ¥ £ F 1t (Regional
Militarization), & 3% % #% #% & (Regional Arms Race), regional alliance activity, re-
gional_alliance response to_threat, regional conflicts, regional escalation, regional instability,
regional_security destabilization, %< & %t % (Security Alliance), % 2 # #& (Alliance

Dynamics), % % M 1% (Alliance Relations), InternationalSupportForTaiwan, Interna-

tional Alliance Response to Threat.

B.2.2.8 8. Gray Zone Operations

Hybrid warfare, coercive activities below war threshold, and ambiguous threats.

Mapped Categories: Gray Zone Operations, Gray Zone Pressure, Gray Zone Conflict,
gray zone activity, gray zone_ escalation, gray zone warfare, grey zone conflict, grey zone conflict es
R & R 47 %) 7+ 8% (Gray Zone Operations Escalation), & &, 365 %7 %% (Gray Zone Con-

flict), Hybrid Warfare Campaign.

B.2.3 Additional Category Mappings

Infrastructure/Energy — Economic Coercion or Military Escalation: Critical
Infrastructure Risk, Critical Infrastructure Threat, Critical Infrastructure Threats, Criti-
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cal Infrastructure Risk, Energy Security Risks, energy security, ft /% % 4 (Energy Se-

curity), #7144 &% (Blockade Threat).

Technology/Science — Economic Coercion or Cyber Warfare: 3% # ¥ (Tech-

nology War).

Defense Readiness — Military Escalation or Regional Security: taiwan defense posturing,
taiwan_defense preparedness, taiwan defense readiness, taiwan_defense readiness change,

& 75 Bl % # 4 #1720 ¥ (Taiwan Defense Preparation and Reform).

B.2.4 Validation Summary

The 8 representative categories successfully capture all major dimensions of geopo-
litical risk:

* Coverage: All 172 unique categories can be mapped to one or more of the 8 categories

» Balance: Each representative category has substantial mapped subcategories

* Clarity: The categories are distinct enough to avoid excessive overlap

« Comprehensiveness: Together they cover military, political, economic, diplomatic, technological, and strategic dimensions
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