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Abstract
Complex news events, such as natural disas-
ters and socio-political conflicts, require swift
responses from the government and society. Re-
lying on historical events to project the future
is insufficient as such events are sparse and do
not cover all possible conditions and nuanced
situations. Simulation of these complex events
can help better prepare and reduce the nega-
tive impact. We develop a controllable com-
plex news event simulator1 guided by both the
event schema representing domain knowledge
about the scenario and user-provided assump-
tions representing case-specific conditions. As
event dynamics depend on the fine-grained so-
cial and cultural context, we further introduce
a geo-diverse commonsense and cultural norm-
aware knowledge enhancement component. To
enhance the coherence of the simulation, apart
from the global timeline of events, we take an
agent-based approach to simulate the individual
character states, plans, and actions. By incor-
porating the schema and cultural norms, our
generated simulations achieve much higher co-
herence and appropriateness and are received
favorably by participants from a humanitarian
assistance organization.

1 Introduction

History repeats itself, sometimes in a bad way, un-
derscoring the importance of recognizing patterns
and taking proactive measures to mitigate or ideally
eliminate potential natural or man-made disasters.
The necessity of this approach is evident in the
context of emerging crises such as the COVID-19
pandemic and the Ukraine Crisis. Addressing these
situations effectively demands a comprehensive,
time-sensitive understanding to inform appropri-
ate decision-making and prompt responses (Reddy
et al., 2024). These pressing situations highlight
the need for advanced tools capable of scenario sim-
ulation to provide predictive insights and facilitate

1Demo: https://duynguyen2001.github.io/
newssimulator/

preemptive planning, thereby enhancing prepared-
ness and response strategies.

In developing such a simulator, we define sev-
eral desiderata: (1) the simulator should be con-
trollable, allowing the user to manage and set the
conditions under which the simulation will occur;
(2) it must be knowledgeable, meaning it should
adhere to and incorporate domain-specific knowl-
edge relevant to the scenario being simulated; (3)
the simulator should be realistic, ensuring that each
event within the simulation is believable and aligns
with commonsense principles; (4) the generated
events must be coherent, avoiding any internal
conflicts or contradictions; (5) the simulator should
exhibit sociocultural awareness, being sensitive
to and accurately reflecting diverse geographical
contexts and societal norms.

In this context, we introduce MIRIAM, a novel
news event simulator designed to function as an
intelligent prophetess. By leveraging “What-if”
conditions and assumptions provided by domain
experts regarding disaster scenarios, MIRIAM gen-
erates a complex event simulation that describes fu-
ture events with character-centric narratives, while
catering to the geo-cultural diversity inherent in the
scenario assumptions. Effectively, our event simu-
lator system that has the following characteristics:

• User-defined assumptions that can steer the
direction of the simulation.

• Event schemas as input that can be used to
constrain the global structure and inject do-
main knowledge.

• Entity-level agent-based simulation which
promotes coherence over long simulations.

• Norm-aware knowledge enhancement for
more culturally appropriate simulations.

Figure 1 shows an overview of MIRIAM, our pro-
posed system for complex event simulation. By ef-
fectively simulating disaster scenarios in both event
graph and natural language formats, MIRIAM aims
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to assist humanitarian workers and policymakers
in conducting reality checks, ultimately aiding in
the prevention and management of future disasters.

2 Related Work

Language Model Agents: Language models are
adept at “roleplaying”: given the description of
a character, the language model can produce re-
sponses in character. Notably, this ability can be
used to enable multi-agent collaboration on tasks
such as solving logical puzzles (Wang et al., 2024c),
writing complex software (Hong et al., 2024; Wang
et al., 2024b), reviewing papers (Zeng et al., 2024),
proposing hypothesis (Qi et al., 2023; Wang et al.,
2024a), machine translation (Bi et al., 2019), ques-
tion answering (Puerto et al., 2023), causality expla-
nation generation (He et al., 2023), and radiology
report summarization (Karn et al., 2022). Another
line of work is using LMs to create social simu-
lations (Suo et al., 2021; Park et al., 2023; Sun
et al., 2023), either to improve LM alignment (Liu
et al., 2024) or to create synthetic user data for
user studies (Aher et al., 2023). However, previous
papers concentrate on the feasibility of LM-based
social simulation and their alignment with social
behaviors. In comparison, we explore using LM
agents to assist scenario simulation and story gen-
eration. Moreover, unlike existing approaches (Qiu
et al., 2022; Miceli Barone et al., 2023) relying on
dialogue to simulate social interactions, our frame-
work generates a comprehensive scenario story that
encompasses interactions among various agents,
the environment, and the scenario itself. Yang et al.
(2023) conducts a multi-agent simulation to explore
residents’ consumption behavior under various gov-
ernment regulations. Our work is also the first to
leverage scenario-specific event schemas induced
from historical events and culture-specific norms.

Neural Story Generation: Due to the complex
nature of story generation, controllable story gen-
eration has been proposed to address the causality
of story events. Existing story generation mainly
focuses on two aspects (Goldfarb-Tarrant et al.,
2020): story planning and character modeling.
Previous improvements for story planning can be
divided into several categories: keywords plan-
ning (Xu et al., 2020; Kong et al., 2021), coarse-to-
fine planning (Fan et al., 2019; Yao et al., 2019),
commonsense reasoner (Wang et al., 2022; Peng
et al., 2022a,b), event graphs (Zhai et al., 2020;
Chen et al., 2021; Lu et al., 2023), and interper-

sonal relationships (Vijjini et al., 2022). In contrast,
we generate stories in a two-level way, conditioned
on event schemas, user-provided assumptions, and
commonsense norms. Our work also relates to
character modeling in story generation (Liu et al.,
2020; Zhang et al., 2022). However, instead of
generating character descriptions based on existing
stories (Brahman et al., 2021), we generate charac-
ter profiles dynamically based on existing events
and event schemas. Furthermore, we assign each
character as a language agent to simulate his/her
interactions with the scenario.

3 MIRIAM: Complex Event Simulator

3.1 Overview

Our event simulator takes as input a set of assump-
tions and an event schema. Assumptions, provided
as free text, can be scenario-specific, such as the
infection rate for disease outbreaks, or scenario-
agnostic, such as the (source) location of the event.
An event schema is a graph representation of the
typical events that occur in a scenario. The nodes
are atomic events and edges may include temporal
edges, hierarchical edges, and logical gates (AND,
OR, XOR). The event schema typically encodes
prior knowledge about the event scenario (restrict-
ing the simulation to parts relevant to the use case).
Figure 1 shows an example of the scenario assump-
tions and corresponding event schema provided as
input to MIRIAM.

For the output, the system provides the gener-
ated simulation in the form of an event log and an
overview document. The event log is a list of event
records and profiles of the characters involved in
the events. When the event can be grounded to the
schema, it has an event type and arguments accord-
ing to the event ontology. The overview document
is derived from the event log and is a more concise
free-text version of the simulation.

3.2 System Design: Bi-level Simulation

Our simulator contains two levels: the global level
and the character level. We will first introduce
the two different types of controllers before pro-
viding more details (in §3.3 and §3.4) for the life-
cycle of how an event is generated. The global
level is defined by the Global Controller
object, which takes the event schema and user as-
sumptions as input. We leverage the open-domain
schema library induced from our state-of-the-art
event schema induction techniques (Li et al., 2023)
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Figure 1: A Simplified Overview of our proposed MIRIAM System for Complex Event Simulation.

which covers 41 newsworthy scenarios. The global
controller maintains pointers to the active charac-
ters (their Character Controller objects),
entities that have appeared in the simulation, the
event history, an event queue, and a message queue.
Figure 2 shows the bi-level simulation framework
with global and character-level controllers.

The event queue is filled by events from the
schema and character controllers. For each time
step, once the event queue is filled, the global con-
troller will start to execute the events in tempo-
ral order and add the simulated result to the event
history. Message passing in our simulation is im-
plemented by the message queue with the global
controller routing the message to the recipient. The
character controllers are more simple in design as
they only take care of a single agent. Each con-
troller has its profile and history and is prompted to
make plans based on the limited information it ac-
quires. Initially, there are no character controllers
and the characters are generated on-the-fly during
the simulation.

3.3 Simulating Events

Events go through the cycle of (1) (optionally)
event assignment, (2) event planning, (3) event exe-
cution, and (4) event reaction. There are two ways
of initiating events, either proposed by the schema
or by characters. Events proposed by the schema
might undergo the optional event assignment stage,
where the Schema Event is assigned to an ex-
isting character or creates a new character. This
decision is presented to the language model as a
multiple-choice question, given the context of the
previous simulated events. Note that some events
do not involve any character (such as the mutation

Figure 2: Figure depicting the global and character-level
controllers during our simulation generation.

of a virus strain) and are directly handled by the
global controller. In the event planning stage, given
the candidate events from the schema, the character
controller (or global controller) generates a list of
planned events. Each planned event is accompa-
nied by a timestamp that falls between the current
time and the next time step of the simulation. This
timestamp determines the initial execution order
of events but may be affected by event reactions.
In this step, character controllers also have the lib-
erty of including events not present in the schema.
These events will be represented by short text de-
scriptions instead of event types. Finally, after
the planning is complete, each event will be rep-
resented as a triple (timestamp, event description,
controller name). Figure 3 illustrates the generated
planned events from three different controllers.

In the event execution stage, the planned events
will be sorted by their timestamp and executed in
order. Executing an event involves filling in the
arguments (including person, location, instrument
etc.), and generating a detailed description of the
event. Once executed, the event will be added to
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10:00:00: Be at the construction site, overseeing the day's work
and ensuring safety protocols are followed.

4:00:00 A tsunami and aftershocks follow the magnitude 7.8 earthquake
that struck the densely populated Port City of San Marcos.

8:00:00: Go to work at the local school.

Carlos Mendoza

Maria Lopez

Planning Stage: Query each active
character about their plans 

4:00

8:00

10:00

(a) Event planning stage.

4:00

8:00

10:00

Execution Stage: Each planned
event is instantiated and involved

characters can react

4:00:00 Thousands of residents in the Port City of San
Marcos, have been left stranded or homeless following the

devastating magnitude 7.8 earthquake and subsequent
tsunami. 

4:00:00  Carlos Mendoza quickly organized his family and
neighbors to evacuate to higher ground

8:00:00  Maria Lopez, along with other residents of San
Marcos, checked in with local emergency services for the

latest updates and instructions

9:00:00 Carlos Mendoza, leveraging his construction skills
and community spirit, played a pivotal role in assisting

emergency services to set up a temporary shelter

4:00

8:00

9:00

Trigger Reaction

(b) Event execution and reaction stage

Figure 3: In the event lifecycle, the global controller and each one of the characters plans its own events for the next
time step. Then all of the plans are centralized and executed in temporal order. If the executed event involves other
characters, the other character will be informed and replan its actions.

the character history and the global event history.
Events that are executed earlier might affect later

events. This is handled through reactions (of char-
acters to events). Concretely, an event proposed
by character A but also involves character B will
trigger a reaction from character B. Character B
can then make alternative plans and change the
event queue. For example, A could be a doctor
who performs a medical test on a patient B. If the
test result is positive, patient B might cancel the
remaining plans for the day and become hospital-
ized. In Figure 3 we see that the two characters
Carlos and Maria originally made work plans for
their day, but after the execution of the earthquake
event, Carlos and Maria react by evacuating and
assisting emergency services.

Cultural Enhancement Additionally, event sim-
ulation should be dependent on the geodiverse so-
ciocultural situation in order to cater to globally
interconnected audience. For example, a simula-
tion of an earthquake scenario in Western commu-
nities valuing individualism may showcase parents
prioritizing their children’s safety over their daily
professional activities. In contrast, a simulation of
an earthquake scenario in China, reflecting com-
munities that generally value collectivism more
greatly, may showcase parents first committing to
societal rescue efforts before checking on the safety
of their own children. To address this, Miriam in-
tegrates sociocultural knowledge across the event
simulation pipeline to enrich the realisticness and
insightfulness of the event story generation, as well

as to ensure that the simulated responses are cultur-
ally appropriate.

• Character Profile Initialization: When sim-
ulating event scenarios, the fine-grained back-
ground information (e.g., age, gender, occupa-
tion, marriage/family status, economic status, ed-
ucation level, ethnicity, religious beliefs, etc.)
of each simulated individual really matters, but
an LLM may often miss important social profile
dimensions while generating the initial charac-
ter descriptions. We leverage the social theory
grounded formulation in (Ziems et al., 2023) and
ask LLM to enhance the initial character pro-
file descriptions for any important missing social
profile dimensions.

• Per-Character Event Description: To better tai-
lor event descriptions towards the cultural norms
of a particular society being simulated, we lever-
age the concept of norm discovery on-the-fly
(Fung et al., 2023). Specifically, we discover rele-
vant social norms through LLM self-retrieval aug-
mented generation grounded on the concept of
internal knowledge elicitation, and further supple-
ment the norms with the set of pre-existing norms
from (Fung et al., 2024), which covers mas-
sively multi-cultural norm for 1000+ sub-country
regions and 2000+ ethnolinguistic groups (dis-
covered through web documents via ShareGPT),
to dynamically construct and enrich the NormKB
relevant for the scenario context. Then, we rank
the social norms by relevance and insightful to
the situation context, and condition on these so-
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Figure 4: Screengrab of the MIRIAM interface showing an example simulation for a disease outbreak in Indonesia.
The simulation is visualized in the form of an event timeline, with each event provided with a detailed description
including related socio-cultural norms, along with background details of the characters involved in the event.

cial norms as additional context for refining news
simulation with greater cultural detail. Specifi-
cally, we refine the event descriptive by a LLM
prompting mechanism that takes as input the orig-
inal event description, as well as the relevant
sociocultural norms for auxilliary context, fol-
lowed by the task instruction of "Revise the event
description to be more tailored to the unique
cultural norms, while keeping the overall event
description a similar length", to derive the norm-
enhanced event description.
We refer the reader to Table 2 in the appendix

for an example comparing event simulation with
and without cultural norm enhancement.

3.4 Simulating Agent Behavior

We can also inspect our simulation on a character
level. Each character in the system is defined by
a name, age, profession, backstory, and plotline.
Different from prior work, the characters in our
system are created dynamically by the global con-
troller. The attributes of the character are generated
upon creation based on the global assumptions and
the event that the character participates in.

At the beginning of each time step of the simu-
lation, every active character(agent) will be polled
for their upcoming planned events. Each character

will keep track of the events that he/she has been
involved in. These memories will be part of the
input when the agent makes up the plan.

In particular, we introduce a self-critique loop
to the planning stage. The theory-of-mind inspires
this self-critique loop: the model is required to in-
fer what the agent will do so that the plot is fulfilled
(while the agent does not know about the plot). To
model this second-order relationship, we first ask
the model to role-play as the character and gener-
ate a draft plan based on the character profile and
character history. Then the model is instructed to
behave as a critic and check if the actions agree
with the plot. The critic will give detailed feed-
back on which actions should be kept, removed, or
revised, along with the reasoning for adjustments
(“you are feeling unwell today so you should not
go out”). In our system, this self-critique will stop
when the critic does not have any suggestions or
when we reach a maximum of 3 rounds.

Since the efficiency of the simulation is heavily
influenced by the number of active agents, we set a
threshold for the maximum number of characters
active at each time step. If the current number
of characters exceeds that threshold, we retire the
least recently used character.
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4 Experiments

Our experiments aim to investigate the impact of
various components integrated into our system,
alongside assessing the overall utility of the tool.
First, §4.1 outlines the automatic evaluations to de-
termine the benefit of leveraging the event schemas
and cultural norms in simulation generation. Then,
§4.2 studies the perceived utility of our tool, based
on feedback from participants affiliated with a hu-
manitarian assistance organization. The GPT-4O

MINI model serves as the underlying LLM in the
simulation generation process.

4.1 Automatic Evaluation

To demonstrate the benefit of incorporating the
event schemas and cultural norms into our system,
Table 1 presents a comparative analysis of simula-
tions generated by different variants of our system.
Our approach, designated as Schema + Norms, is
evaluated against (a) Schema Only, which does not
utilize cultural norms, and (b) W/O Schema, which
employs the LLM directly to generate simulations
without schema guidance. The evaluation criteria
include a range of metrics: (i) coherence, assess-
ing the overall flow of the simulation, (ii) entail-
ment, determining whether the simulation aligns
with given assumptions, (iii) realism, evaluating the
plausibility of the simulation in the given scenario,
and (iv) cultural appropriateness. We employed
GPT-4O for the automatic evaluation of simulation
quality, with detailed prompts provided in Table 3
in the Appendix. The evaluation covered 47 sim-
ulations generated for scenarios including ’Earth-
quake,’ ’Disease Outbreak’ and ’Chemical Spill,’
across five distinct regions (cultures): the United
States, France, China, Peru, and Indonesia. The
results demonstrate that incorporating both cultural
norms and event schemas significantly enhances
the quality of the generated simulations across all
metrics, with notable improvements in cultural ap-
propriateness and entailment with assumptions.

4.2 Human Utility Evaluation

We conducted a human evaluation to assess the per-
ceived utility of the tool. The study involved five
participants from a humanitarian assistance organi-
zation who navigated the generated simulations us-
ing the interface depicted in Figure 4. Participants
provided qualitative feedback during the study and
completed a post-study questionnaire for quantita-
tive evaluation. The results, presented in Figure 5,

Metric
Schema + Schema W/O

Norms Only Schema

Coherent 7.49 6.94 6.57

Entailment 8.36 8.11 7.23

Realistic 7.61 7.09 6.79

Appropriate 8.57 7.02 6.60

Table 1: Automatic evaluation (rated by GPT-4o) of sim-
ulations generated by different variants of our system.

Figure 5: Results from utility evaluation by participants
from a humanitarian assistance organization.

indicate that participants found the system promis-
ing and useful for training crisis response teams.
However, feedback highlighted significant areas for
improvement in the interface, suggesting that the
current version may be limiting when integrating
the system into existing workflows. We plan to
address these issues in future iterations based on
the qualitative feedback received.

5 Conclusion

We introduce MIRIAM, a controllable complex
news event simulator designed to improve prepa-
ration and response to events like natural disasters
and socio-political conflicts. Using event schemas
for domain knowledge and incorporating user as-
sumptions, Miriam offers global control over event
dynamics. It enhances realism by integrating geo-
diverse commonsense and cultural norm awareness.
The system generates a coherent global timeline
and employs a large language model to simulate the
states, plans, and actions of individual agents, en-
abling detailed and realistic character-based stories.
This agent-based approach outperforms traditional
schema-only methods, providing a valuable tool
for training, preparedness, and societal resilience.
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w/o Norms w/ Norms
character
profile

Li Wei is a 32-year-old market-
ing executive living in Shanghai.
He is known for his outgoing
personality and enjoys attend-
ing social events and network-
ing gatherings. Li Wei is health-
conscious but often finds him-
self in crowded places due to his
job.

Li Wei is a 32-year-old marketing executive living in Shanghai. He is
known for his outgoing personality and enjoys attending social events and
networking gatherings. Li Wei is health-conscious but often finds himself
in crowded places due to his job. He is single and lives in a modern high-
rise apartment in the bustling Jing’an District of Shanghai. He holds a
MBA from Fudan University. Originally from a smaller city in Jiangsu
province, he moved to Shanghai ten years ago to pursue his career.
Economically, Li Wei is well-off, earning a comfortable salary that allows
him to indulge in his interests and maintain a cosmopolitan lifestyle.
He usually commutes to work primarily by metro, which is efficient and
fits his environmentally conscious values. Although culturally rooted in
Confucian values, Li Wei is not particularly religious, focusing more on
personal and professional growth.

per-
character
event plan

Hispanic Single-Mother Amidst
Covid Outbreak in the US: wake
up early to get prepared for
morning shift as part-time shop-
ping mall cashier. Check news
and see gov’t announces pan-
demic lockdown, which causes
her shift to be cancelled. Pre-
pares healthy breakfast for
daughter and helps her prepare
for remote class.

Hispanic Single-Mother Amidst Covid Outbreak in the US: wake up early
to get prepared for morning shift as part-time shopping mall cashier.
Check news and see gov’t announces pandemic lockdown, doesn’t have a
job now and searches for gov’t subsidy options. Prepares healthy omelette
breakfast for daughter and helps her prepare for remote class over zoom.

per-
character
event
description

Unwind at Home: Despite the
ongoing outbreak in Jakarta,
Andi Pratama decided to go for
a morning jog in the park, tak-
ing extra precautions to avoid
crowded areas and maintain per-
sonal hygiene.

Unwind at Home: During a disease outbreak in Jakarta, Andi Pratama, a
devout Muslim, performed the Tahajjud prayer at night in his apartment.
As the new year began, he prayed earnestly for his community’s well-
being. In the morning, after performing Fajr prayer at home, Andi
Pratama jogged in a nearby park, embracing the "gotong royong" spirit
by carefully avoiding crowded areas and keeping distance from others.

Table 2: Comparison of event simulations with and w/o knowledge enhancement from culture-specific social norms.

Evaluation Prompt

You are an automatic quality evaluator. You will be provided with some simulations and you will need to evaluate
them based on the criteria that is mentioned.
--
You are provided with some simulations corresponding to the scenario: {scenario_name}
--
The simulations were generated based on the following assumptions in no specific order:
--
Assumptions: {list_of_assumptions}
--
The simulations are below. Each simulation is from the future in the form of a listwise log of events. Each log item
has the time and a description of the event.
--
Simulation 1: {list_of_events}
--
Simulation 2: {list_of_events}
--
Simulation 3: {list_of_events}
--
Metric: For each of the simulations, you need to evaluate how coherent the simulation is and provide a single score
in the range of 1-10, where a higher score indicates better coherence.
--
DO NOT bias your judgment based on the length of the simulation. You should only respond in the JSON format as
described below. You SHOULD ensure that the provided output can be directly parsed into json using python json.loads
--
Response Format:
{{
"thoughts": "Your step-by-step reasoning for the evaluation scores you will provide",
"simulation_1": "Score for simulation 1. Just provide a number here in the range of 1 to 10",
"simulation_2": "Score for simulation 2. Just provide a number here in the range of 1 to 10",
"simulation_3": "Score for simulation 3. Just provide a number here in the range of 1 to 10",
}}

Table 3: Prompts for automatic evaluation of the simulations.
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