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Both Researchers and the Public Are Interested in Tracking
How Webpages Changes Over Time
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How Much Has ‘Climate Change’
Been Scrubbed From Federal
Websites? A Lot.

% Share full article ~ D

By Coral Davenport
Jan. 10,2018

nytimes.com

BuzzFeed News

SCIENCE - CLIMATE CHANGE

[} Subscribe to BuzzFeed Daily Newsletter ~

Here's How “Climate Change” Has
Disappeared From Federal Websites Under
Trump

Several agencies have scrubbed climate information from their websites, and often not
communicated why, according to a new report. In many cases, it's unclear if the
changes were mandated by Trump officials, self-censorship from career staff, or
administrative tweaks without political motives.

Zahra Hirji
BuzzFeed News Reporter

Posted on January 10, 2018 at 11:57 am
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REPORTS & MULTIMEDIA / ATTACKS ON SCIENCE

Trump
Administration
Censored
Information on Water
Pollution, Climate
Change, and
Endangered Species

Published Jul 13, 2021

‘What happened: From 2017 to 2021, the Trump
administration made approximately 1,400 changes to agency
websites that removed science-based information on
environmental issues, such as water pollution, climate
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Web Archives Preserve Historical Versions of Webpages,
Capturing How They Appeared at a Specific Time
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The Internet Archive’s Wayback Machine
is just one among many web archives.

Featured Resources & Articles

News,

Regional & Local Impacts

Events & Announcements

I Setect 2 region of iterest - I
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The Memento Protocol Connects the Live Web With the

Archived Web

URI-R: Original resource on the live web

as 0of 2024-12-10

https://www.climate.gov/enso

@Climate.gov

‘SCIENCE & INFORMATION FOR A CLIMATE-SMART NATION

News & Features v Maps&Data v  Teaching Climate v Resilience Toolkit

Home

El Nino & La Nina (El Nifio-Southern Oscillation)

6O ¥v 0 o

Search Climate.gov

About v~

CURRENT STATUS | B8 NOVEMBER 14,2024

There’s a 57% chance La Nifia will develop soon. This is late for
La Nifia to arrive, and it’s very likely to be a weak event at
most. However, even a weak event can influence temperature,
rain, and snow patterns across the world.

Latest Official ENSO Update
MORE ENSO

Latest ENSO blog
ENSO in a nutshell
ENSO FAQs

Popular El Nifio and La Nifia images

[hitps Awww climate govienso

[ Jpre——y

@Climate.gov

science & infomaton for a cimate-smart nation

LETEA T INEEER AL BT AEUE il  About | Contact | FAGs | SiteMap | What's New? « El Niilo & La Nifia

ElNifio & La Nina (El Nifio-Southern Oscillation)

W Whatis ENSO? US. Impacts Global Impacts ENSO Blog

LA NINA ADVISORY

La Nifia Is loosening its grip on the
tropics. Sea surface temperatures in
the central and eastern tropical
Pacific remain cooler than average,
but the typical La Nifia wind and
rainfall anomalies have faded.
Conditions are likely (55% chance)
to return to neutral by the March
May season. The next update will be
on April 12.

More ENSO status information
Latest official ENSO update
Latest ENSO blog update

ENSO Monitoring at the Climate
Prediction Center

& s
Difference from average temperature (F)

9 (] 9

Featured Resources & Articles Regional & Local Impacts ENSO across NOAA

Climate gov's most popular E1 Nifio and La 1 Nifio/Southern Oscillation (NCEI)

—Select a region of interest-- ~

Modeling EI Nifio (NOAA GFDL)
Frequently asked questions about EI Nifio
i i EI Nifio the!

e (PMEL)

URI-M: Archived resource from 2018-03-14

https://web.archive.org/web/20180314000741/climate.gov/enso
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The Web ARChive (WARC) File Format
Is Used To Store Mementos.

Each WARC file includes complete HTTP
response headers, HTML content, and
additional resources like images and JavaScript
files

Source: https://wiki.archivematica.org/Significant_characteristics_of_websites
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WARC file

...efc.

WARC record
p
Text header
< Content
block
[image/jpeg binary data]
\

GARCM.O \

WARC-Type: resource

WARC-Target-URLI: file:/var/www/htdoc/images/logoc.jpg

WARC-Date: 2006-08-19T17:20:24Z

WARC-Record-ID: <um:uuid:92283950-ef2{-4d72-b224-f54c6ec90bb0>
Content-Type: Iimage/jpeg

WARC-Payload-Digest: sha1:CCHXETFVJD2MUZYBNDBSS7ZENMWF 7KQ2
WARC-Block-Digest sha1:CCHXETFVJD2MUZY6NDBSS7ZENMWF7KQ2
Content-Length: 1662

%
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Finding Website Changes Is Often a Manual Process That
Requires Significant Time and Effort

INTERNET ARCHIVE -

i Explore more than 916 billion web pages saved over time
DONATE HE |"E

climate.gov/enso

- Collections - Changes - Summary - Site Map - URLs

Saved 15,386 times between February 4, 2016 and December 3, 2024.
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Analyzing Website Changes Is Often a Manual Process
That Requires Significant Time and Effort

@gl&lfmnéggmgiv ]

|
About | Contact | FAQGs ‘ Site Map ‘ What's New?

@le'mmatemggy 1

About ‘ Contact | FAQs ‘ Site Map | What's New?  El Nifio & La Niia
—_——

El Nifo & La Nina (El Nino-Southern Oscillation)
El Nifio & La Nifa (El Nifilo-Southern Oscillation)

What is EL Nino? US. Impacts Global Impacts ENSO Blog

EL NINO ADVISORY
A strong El Nifio continued during

What is ENSO? U.S. Impacts Global Impacts ENSO Blog

ENSO: Not Active
December 2015.

In May, the warm anomaly across
the surface of the central tropical
Pacific was replaced by a strip of
cooler than average waters. Still, the
ENSO forecast team estimates a
60% chance that the tropical Pacific
will continue in neutral this summer.
The odds are evenly split for either a
La Nifia winter or an ENSO-neutral
one.

ILatest ENSO blog update i

(image at left) Difference from average sea
surface temperatures at the equator in the

A strong El Nifio continued during
December. This event has already
produced significant global impacts
and it is likely to affect U.S.
temperature and precipitation
patterns during the upcoming months|
The event is expected to gradually
weaken through spring 2016, and t
transition to ENSO-neutral during
late spring or early summer. The
next official update will be on

Eobruzans 11
Y

More information
Latest official El Nifio update
January 2016 ENSO blog update

) 4 ¥ & ol e o : L% - - i T
January 2016 Difference from average temperature (°F) ate.gov/ ENSO Monitoring at the Climate 2 Difference from average temperature (°F) c NNV tropical Pacific in May 2020
compared to 1981-2010 | S | : G Prediction Center 9 C

9 0 9 - 0 9

2016-02-04T07:23:26Z 2020-06-17T05:53:31Z
Target-URI: https://www.climate.gov/enso
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Existing Tools Can’t Be Used to Explain Complex Changes
Like Content Structure Alterations or Semantic Context

OMBainkolNIVERSETY OdDeninoclNIVERSLTY OldldesnsiriINIVERSITY
Chvemging Lives s 3

Liver

+ Soy Infant Formula

« NTP Evaluation .
* Arsenic

+ Styrene

= Water Pollution

Environmental Health Links * Bisphenol A (BPA)
+ The 13th Edition of the Report on Carcinogwﬁ-’(SZtiKB)

+ NTP Speaks About Aloe Vera - The National Toxicology Program (NTP) conducted
studies to help clarify the potential health hazards from ingestion of certain types of

Datetime: 2007.06-30, 05:11-3%

aloe vera.

ol

Aloe Vera Fact Sheet T (1MB)

.
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Concerned Citizens - US EPA site geared towards citizens who want to become
familiar with environmental issues and the potential environmental and human health
risks caused by pollution. Covers important emergency phone numbers, health and

LEADING THE NATION
INCOASIAL R IENCT

safety issues at work, protecting children at home and a community’s right to know

about environmental exposures. » Climate Change

Environmental Defense Fund - Environmental Defense Fund evaluates environmental

problems and works to create and advocate solutions that win lasting political,

v~ I o —

economic and social support because they are nonpartisan, cost-efficient and fair.
Topics include antibiotic resistance, agricultural policy, air quality, animal farms,

environmental justice, pollution prevention, etc.

The Wayback Machine Changes Tool allows users to
view term based differences between webpages at TMVis allows users to view visual differences
known datetimes between webpages over time

Datetime: 2010.08-28, D6:16:29 Datetime: 2015.10-22, 21:11:58

Mabe, A et al. (2020). TMVis: Visualizing Webpage Changes Over Time.
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Manually Examining Changes to this Webpage will be
Tedious and Difficult

INTERNET ARCHIVE ‘hﬂps:#earlhdaia.nasa.govluser-resources!remote-sensors

[Go |MAR BRI NOV (=5

IIIIIlIIIHIEIIIIIHI}IIII]IJ 3,579 captures

17 Jul 2015 - 9 Oct 2024

Climate Absolute
Radiance and

Provide accurate, credible, and tested climate records that lay

System
(CYGNSS)

(DDMI)

(Active Sensor)

Refractivit Infrared Spectrometer Spectrometer ASDC the groundwork for informed decisions on mitigation and
Observatoyry (IR) (Passive Sensor) DAAC adaptation policies that address the effects of climate change
on society.
(CLARREO) -
Climate Absolut
Ralzini:‘nie a:;u € Provide accurate, credible, and tested climate records that lay
Refractivit Radio Occultation Radio Occultation | ASDC the groundwork for informed decisions on mitigation and
Observato};y (RO) (Active Sensor) DAAC adaptation policies that address the effects of climate change
on society.
(CLARREO) y
Climate Absolut . . .
mate Abso e . . Provide accurate, credible, and tested climate records that lay
Radiance and Reflected Solar Imaging Imaging . L. L
- ASDC the groundwork for informed decisions on mitigation and
Refractivity Spectrometer Spectrometer . - ;
. DAAC adaptation policies that address the effects of climate change
Observatory (RS) (Passive Sensor) on societ
(CLARREO) :
Measure Ocean surface wind speed in all precipitating
conditions, including those experienced in the tropical
Cyclone Global . Cyclone (TC) eyewall. Measure ocean surface wind speed in
Navigation Satellite | Do.2Y DOPPler Mapping Scatteromet the TC i ith sufficient f to resol i
avigation Satellite  __~ ¢ catterometer PO.DAAC e TC iner core with sufficient frequency to resolve genesis

and rapid intensification processes. This study will focus to

understand the coupling between ocean surface properties,
moist atmasnheric thermodvnamics radiation and
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Users Currently Must Manually Check if Changes Are
Semantically Meaningful, but LLMs Offer a Novel Approach

INTERNET ARCHIVE ‘hlips:l!eanhdala.nasa.govllearniremote-sensors

m“u"“u“mﬂﬂ"l“u 2,864 captures

8 May 2019 - 2 May 2024

Researchers can
use LLMsto
detect semantic
shifts: in this
case, from
climate modeling
to broader
ecological
monitoring, like
coral reef health
tracking.
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[Go | APREE UL =

II..I [N} hl 2019
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Climate Absolute

Radiance and Infrared Spectrometer Spectrometer Provide accurate, credible, and tested climate records that lay the groundwork for
Refractivity (R) P (Passive ASDC informed decisions on mitigation and adaptation policies that address the effects
Observatory Sensor) of climate change on society.
(CLARREQ)
Climate Absolute
Radiance and Radio Occultation Radio Provide accurate, credible, and tested climate records that lay the groundwork for
Refractivity (RO) Occultation ASDC informed decisions on mitigation and adaptation policies that address the effects
Observatory (Active Sensor) of climate change on society.
(CLARREQ)
Climate Absolute Imagin
Radiance and Reflected Solar Imaging c ecgtrogmeter Provide accurate, credible, and tested climate records that lay the groundwork for
Refractivity Spectrometer (PZssive ASDC informed decisions on mitigation and adaptation policies that address the effects
Observatory (RS) of climate change on society.
Sensor)
(CLARREOQ)
Imagin A new three-year NASA field expedition will use advanced instruments on
) ) EIng airplanes and in the water to survey more of the world's coral reefs, and in far
COral Reef Airborne | Portable Remote Imaging Spectrometer . . )
) OB.DAAC greater detail, than ever before. The COral Reef Airborne Laboratory (CORAL) will
Laboratory (CORAL) Spectrometyer (PRISM) (Passive . ]
Sensor) measure the condition of these threatened ecosystems and create a unique
database of uniform scale and quality.
Imaging The goal of EMIT is to advance understanding of the Earth's mineral dust cycle and
The Earth Surface o o . .
. Spectrometer its impact on radiative forcing by using state-of-the-art Earth System Models
Mineral Dust Source | Hyperspectral Instruments . LPDAAC o . )
(Passive (ESMs) that are initialized with more accurate measurements of mineral dust

Investigation (EMIT)

) . .
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Using LLMs for Change Analysis Is Promising, With Archived Web
Content Changes Still Largely Unexplored

— C—J
] - C— )
-_— Embedding Model —_—
(= C— )
Content Vector Store A RAG approach involves two stages:
k”CI’BWledge Index Retrieval and Generation
ase

Passages LLM
—_ _—

v_ > Embedding Model —_—

Vector
ue
Query Database
Retrieval Generation
¢ o . .
(ﬂ’ ggg fStorymodeIers B4 @WebSciDL “ WebSciDL.bsky.social 11
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Why Is This Approach Helpful?

Traditional Methods

¢ Token to token text comparison
¢ Pairwise comparison of mementos
¢ Specialized algorithms/Tools

+» Keyword searches and metadata filters

¢+ Structural approach

a . .
("’ gjg fStorymodeIers B4 @WwebsciDL “ WebSciDL.bsky.social

RAG

+** Analysis based on natural language

» Comparison among multiple mementos
% Q&A Interaction
% Does not depend on a term/keyword

% Semantic approach

12
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WARC-GPT’s RAG

Approach Enables I
Creating Custom WARC -
Chatbots That Use o
Web Archive o)
Collections as a

Knowledge Base e

al: 7b-instruct-vD.

Based on the provided context, here are six significant milestones in the

Chandrayaan-3 mission:

1. July 14, 2023: Launch of Chandrayaan-3 from Satish Dhawan Space Centre,

Sriharikota, India.
2. August 23, 2023: Touchdown of the Chandrayaan-3 lander and rover on the lunar

surface at the Shiv Shakti point in the South Polar region.

3. August 23, 2023 (South Indian Standard, SIS): Confirmation of successful landing
i ‘ by Chandrayan-3 using data received from Lander Transmitter.

Disadie ) Sstory 4. August 23, 2023: Initiation of scientific exploration by the lunar rover named
Pragyan.

5. September 13, 2023 (NASA's Goddard Space Center Archives): Reported first

Edit BAG prompt

detection of water molecules on Moon's surface through data from Chandrayaan-3's

...but can it be used
to analyze changes?

Harvard Law School Library Innovation Lab. (2024,
February 12). WARC-GPT: An open-source tool for

exploring web archives with Al. Harvard Law School sar a1 ga 0300 . -
e g ; L | Library Innovation Lab
Library Innovation Lab Blog.

https://lil.law.harvard. /blog/2024/02/12/warc-gpt-an-
n- xploring-web-archives-with-ai/

Moon Mineral Mapping instrument,
6. October 6, 2023: Publication in India Today's Science section of a report

summarizing significant findings made by Pragyan such as confirmation of presence

This chatbot can answer questions about web archive files it ingested.

¢ o . .
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We Investigated 3 Research Questions:

How can the use of LLMs make changes in webpages discoverable and understandable?

What advantages/limitations does a RAG-based approach have compared to traditional
methods?

To what extent are researchers able to use output from WARC-GPT with GPT-40 to identify
changes/inconsistencies?

a . .
("’ &jg fStorymodeIers B4 @WwebsciDL “ WebSciDL.bsky.social

14


https://oduwsdl.github.io/

\WARC

Mementos with
resources

4

Ingestion Pipeline
Extract text from
records

Raw text
Splitinto

chunks

Embedding Model
Generate embeddings

Collected
our own
knowledge
base

Exported
extract text
to plaintext
files for use
in evaluation

User Query

Designed 2 queries
to evaluate changes

Embedding Model
Generateembeddings
for Query

Query as
Embeddings

v

Modified
prompt to
analyze
changes

Embeddings

v

Vector Store
Stores embeddings
and referencesto
mementos

Context Prompt
Retrieval results

Query

We Explored the System’s Ability To Retrieve Changed Passages
and Assessed GPT-40’s Output

Used GPT-40
instead of
Minstrel
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We Applied Prompt Engineering To Adjust and Refine the Context
Prompt per Default, Ensuring It Contextualizes the Task Effectively

TEXT_COMPLETION_BASE_PROMPT = "
{history}

You are a helpful assistant that analyzes changes among archived versions of webpages (Mementos).
Your task is to compare different versions of webpages, identify changes, and provide a clear analysis of the differences.

Modified Context Prompt

{rag}
How can you help me?
I can help you by analyzing the changes Request: {request}
across different archived versions of a
webpage. By comparing these versions, | can Helpful response (plain text, no markdown):

identify content changes such as alterations
in terms, phrases, or paragraphs, as well as
changes in the semantic Context. This
analysis can provide insights into how the
webpage’s content and focus have evolved

TEXT_COMPLETION_RAG_PROMPT = "
Here is context to help you fulfill the user's request:
{context}

over time. The context comes from different Mementos (archived versions) of the same webpage.

Use the context to identify and explain changes across the different versions.

When analyzing changes, focus on: 1) Content changes such as alterations in terms, phrases, or paragraphs, and 2) Changes

in the semantic context.

If the context lacks sufficient information to identify changes, simply state that there is insufficient information without
speculating or making assumptions.

Ignore irrelevant or empty context.
Cite and quote your sources whenever possible. Use their number (for example: [1]) and / or URL to reference them.

¢ o . .
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Our Knowledge Base Contained Mementos From U.S. Federal
Environmental Webpages That Changed Between 2016 and 2020

10 Websites 8 Websites

&S], U.S. DEPARTMENT OF

o United States
. A Environmental Protection
2\ \’ Agency

3 Websites 9 Websites

¢ o . .
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We Empirically Designed Two Queries To Analyze How Well The
System Could Be Used To Detect Changes and Provide Analysis.

5

Q.
N 4
Query 1

What Are the Changes or Inconsistencies in
Terms, Phrases, or Paragraphs Among the
Mementos of Webpage X?

2
(2] ®
w
Query 2

Compare Any Change Regarding the
Semantic Context Among the Mementos for
the Webpage X.

Answers were validated through human evaluation, ensuring their
accuracy about the corresponding elements across mementos.

Answers available at https://gith

tello/Exploring-L1L Ms-for-Content-Change-Analysi

o : ,
\§) &Qg fStorymodeIers B4 @WebSciDL * WebSciDL.bsky.social 18
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Answer To Query 1 Details Content and Structure Changes, While
Answers to Query 2 Focuses on Their Semantic Significance

Agency URI-R Mementos Answer
In the 2016 version. Agency URI-R Mementos Answer
the  webpage  includes ...The changes from 2016 to
2;’;;2;‘: such aSACIt’i‘:’_:«;v'i‘;‘f} 2020 reflect a broadening of
“Student Airborne Research the information available on
Program.” "ASP Blog.” and https:// the site, with a greater em-
hitps:// [ﬁesgarcgmnofﬁ:r:g;ﬁie NASA airbornescience phasis on operational details
NASA | airbornescience. has yhvf d to includ nasa.gov/ and user engagement, while
nasa.gov/ ”asl shifte to .m.cu‘ez o e ’
gg‘;fgn% X EMISSIOHS‘ maintaining a strong focus
v art xpeditions SR T T
Blog” and "ASP Sensor on reaedr_c.h and educational
Network™ [4]. This indicates opportunites...
a _l:leorga“‘z"“}‘m f"f}‘]d ...Changes reflects a move
0S551ble  expansion O (5] v « « . g
Brogram’s f(ljjcus areas... from hlghllghtlng SPE:le‘lC
..In the 2016 version, there htto://srnl events and partnerships to
is a mention of a part- DOE P-//STI emphasizing ongoing re-
nership with Clemson to dDS.gDW’ . ) ..
DOE http: improve the electric grid. search and development 1ni-
/fsrnl.doe.gov/ The 2020 version highlights tiatives and broader pro-
SRNL seeking partners for . ati ale
& rammatic goals...
the DOE Visiting Faculty g g -
Program.... ...These changes in the se-
-J-.The 2016d V’Jersions (Il}ocllh https://www.epa. mantic context reflect up-
anuary an une) nciude . . 11 ani7att -
https://www.epa. a "Climate Change and EPA gov/climate- dates in the or:ganlgdtmnt fo-
EPA gov/climate- Water Newsletter” section, change-water cus, and presentation of in-
change—waler which is absent in the 2020 -sector formation on the Webpage
-sector version, previously offering : .
newsletter information... over ume...

Example of Answer to Query 1

o . .
&jg fStorymodeIers B4 @WwebsciDL “ WebSciDL.bsky.social

Example of Answer to Query 2
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The Model Could Be Used to Identify Changes in Content and
Structure

Webpage (WP) | Content [ Structure || Accurate?

* | 1 pagelhad a generated Wbt } 0 Y

. . WP3 1 0 Y

answer that did not mention Wi ! g Y

any changes to content W T - v

* (16 pages/had a generated WPi0 i i Y

. . WPI1 0 1 Y

answer that did not mention WP } 0 L

any changes to structure Weis T 0¥

WP16 1 1 Y

* |1 pagehad a generated WIS i 0 Y

WP19 1 0 Y

answer that included changes o ! : Y

WP22 1 0 Y

not on the page (they were L2 : g L
Cha ngeS fOI’ WP22) Summary of changes detected across webpages

¢ o . .
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This Exploratory Study is Limited by Dataset Size and
Computational Resources

l:l Dataset Size Limitated to 30 web pages and 67 WARC files

® Embedding generation models and LLMs require substantial
O computational power, memory, and cost

5y When pages belong to the same domain, the system may extract
1 incorrect passages, necessitating manual double-checking.

¢ o . .
("’ S fStorymodeIers B4 @WwebsciDL * WebSciDL.bsky.social
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Future Work will Incorporate Non-Textual Changes and Evaluate
The Use of Alternative Large Language Models

Explore the integration of multimodal models to analyze text
and images in WARC files.

Investigate the use of various LLMs, such as ClimateGPT and
LLM360’s Open-Source K2, to evaluate differences in
responses and their impact on web archiving research.

¢ o . .
("’ ggm@, fStorymodeIers @WebSciDL ” WebSciDL.bsky.social 22

0


https://oduwsdl.github.io/

Exploring Large Language Models for Analyzing Changes in Web
Archive Content: A Retrieval-Augmented Generation Approach

Explored the use of GPT-40 with WARC-GPT, a Retrieval-Augmented Generation pipeline, for detecting and
analyzing changes in archived webpages.

Be

Demonstrated that LLMs enable deeper analysis by capturing semantic context, unlike traditional methods
focused on term frequency or surface-level differences.

Jo

Conducted a case study on U.S. Federal Agency webpages related to environmental issues, analyzing changes
between 2016 and 2020.

«
11

Acknowledged limitations such as computational demands and challenges in retrieving relevant passages.

,Q) Established a foundation for future research in webpage change analysis, advancing the integration of web
hivi AL
https://oduwsdl.github.io/
O ° oL B¢ WebsciDL bsky.social 23
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Backup slides



The Default Prompt Does Not Effectively Allow for the Analysis of
the Changes Between Multiple Captures of a Webpage

TEXT_COMPLETION_BASE_PROMPT = "
{history}

You are a helpful assistant.
{rag}

Request: {request}
WARC-GPT Context Prompt per Default

Helpful response (plain text, no markdown):
How can you help me?
I can assist you by providing information,
answering questions, and offering guidance on a
wide range of topics. If you have specific questions

or need help with something, feel free to ask! TEXT_COMPLETION_RAG_PROMPT = "
Here is context to help you fulfill the user's request:
{context}

Context comes from web pages that were captured as part of a web archives collection.

When possible, use context to answer the question asked by the user.

If you don't know the answer, just say that you don't know, don't try to make up an answer.

Ignore context if it is empty or irrelevant.

Cite and quote your sources whenever possible. Use their number (for example: [1]) and / or URL to reference them.

0

* o . .
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Of the 30 WEbpages Exam i nEd’ There are several changes and inconsistencies among the different SOURCE

mementos of the webpage: 1. **ENSO Status™: - The earlier

the SyStem REthEVEd 24 REleva nt memento from June 2020 mentions that ENSO is "NOT ACTIVE"
. with a 60% chance of remaining neutral throughout the summer and
Pa Ssages U Sl ng Qu ery 1 evenly split odds for a La Nifia or ENSO-neutral winter. - The later
memento from December 2020 provides a "La Nifa Advisory”
What Are the Changes or Inconsistencies in indicating that La Nifia strengthened in the tropical Pacific in October
Terms, Phrases, or Paragraphs Among the 2020, with a 95% chance it will last through the Northern
Mementos Of Webpage X? Hemisphere winter. 2. **Temperature Conditions™®*: - The June 2020

memento describes a strip of cooler-than-average waters replacing
the earlier warm anomaly in the central tropical Pacific. - In the
December 2020 memento, cooler-than-average surface waters are
mentioned as a sign of La Nifia. 3. **Impacts on the United States™*:

Categor y Count - The December 2020 memento notes that La Nifia winters tend to
Total pages analyzed 30 bring warm and dry conditions to the southern tier of the U.S. and
Pages with Response snowier-than-average conditions to the northern U.5. These

Pages with answer to Query 1 24 changes reflect a transition from an ENSO-neutral phase in mid-

n 2020 to a La Nina phase by the end of 2020, along with the

Pages WlthOUt answer to Qper y 1 associated differences in weather impacts and sea surface

With generated embeddings 5 e,

Embedding generation omitted |

Example of Answer
Summary of Query 1 Response Analysis

e . .
("’ &_033 fStorymodeIers B4 @WwebsciDL * WebSciDL.bsky.social 26

0


https://oduwsdl.github.io/

Examples of Excluded Pages

5 pages with

“insufficient

information”

response per
prompt

11. URI-R: https://www3_.epa.gov/ttn/chief/comments html [2 mementos]

Answer Query 1: There is insufficient information provided in the context to identify changes regarding the semantic context among the
mementos of the webpage www3.epa.gov/ttn/chief/comments.html. The excerpts provided do not include content from this specific
webpage, so no analysis can be conducted.

Answer Query 2: There is insufficient information provided in the context to identify changes regarding the semantic context among the
mementos of the webpage www3.epa.gov/ttn/chieficomments.html. The excerpts provided do not include content from this specific
webpage, so no analysis can be conducted.

1 page with
an exception
response

15. URI-R: https://earthdata nasa.gov/user-resources/remote-sensors [3 mementos]

Answer Query 1: The context provided does not include multiple mementos or versions of the webpage "earthdara.nasa.gov/user-
resources/remote-sensors"” to compare. Therefore, there is insufficient information to identify changes or inconsistencies in terms,
phrases, or paragraphs among the mementos of this specific webpage.

Answer Query 2: The archived versions of the webpage https://earthdata.nasa.gov/user-resources/vremote-sensors show several changes
in content and semantic context over time:

1. Content Changes:

- The 2016-03-12 version [1] includes detailed descriptions of various climate observation instruments and their purposes, such as the
Climate Absolute Radiance and Refractivity Observatory (CLARREQ) and the Cyclone Global Navigation Satellite System (CYGNSS). It
focuses on providing accurate climate records and understanding climate change impacts.



The Model Could Be Used To Identify Changes in Content And
Content Structure, Even When Considering More Than 2
Mementos

Agency URI-R Mementos Answer
..In  the 2016 version,
the  webpage includes
sections such as "Program
Current Activities,”
"Student Airborne Research
Program,” "ASP Blog,” and
. "Research  Opportunities”
NASA | i hips:/ 5 [1]. By 2020, the structure
airbornescience. ﬂv\ has shifted to include
nasa.gov/ S PP
Missions,
h Expeditions

Sensor
Network” [4]. This itheates We Included

a reorganization an

possible expansion of the more than 2

program’s focus areas...

...In the 2016 version, there mementOS for

is a mention of a
M some
http: mmiprove the electric grid.
DOE /fsrnl.doe.gov/ The 2020 version highlight Webpages
SRNL seeking partpefS for

the DOE Visititg Faculty

Program...
.. The 16 versions (both
/Jﬂtﬁﬂand June) include
htps://www.epa. a "Climate Change and
EPA gov/climate- Water Newsletter” section,
change-water which is absent in the 2020
-sector

version, previously offering
newsletter information...

Example of Answer to Query 1

0

¢ o . .
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Answer To Query 1 Details Content and Structure Changes, While
Answers to Query 2 Focuses on Their Semantic Significance

Agency URI-R Mementos Answer
...The changes from 2016 to
2020 reflect a broadening of
the information available on
https:// the site, with a greater em-
NASA airbornescience 2 phasis on operational details
nasa.gov/ and user engagement, while
maintaining a strong focus
on research and educational

opportunities...

...Changes reflects a move
from highlighting specific
DOE hitp://srl. , evenltls:; ‘-al‘}d partners?‘hips to
doe.gov/ emphasizing ongoing  re-
search and development ini-
tiatives and broader pro-

grammatic goals...
...These changes in the se-
https://www.epa. mantic.: context J:eﬂeict up-
EPA gov/climate- 4 dates in the organization, to-
change-water cus, and presentation of in-
-sector formation on the webpage

over time...

W

0

Example of Answer to Query 2

) . .
ggg fStorymodeIers B4 @WwebsciDL “ WebSciDL.bsky.social

We should interpret LLM responses with caution

The semantic context of the webpage www3.epa.gov/ttn/atw/ has undergone a
change between the archived versions from 2016 and 2020. In the 2016 version,
the section “rules & implementation” is referred to as “national- scale air toxics
assessment” [3]. By 2020, this section is referred to as “national air toxics
assessment” [2]. This change in terminology from “national- scale” to “national”
suggests a possible shift in focus or scope, potentially indicating a broader or
more inclusive approach to air toxics assessment. However, without additional
context, the exact implications of this change in terminology are not fully clear.

29
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Future Work

MemGator

Process

l

Ingestion Pipeline
Extracttext from
records

Text
URI-M
URL Retrieve
TimeMap Web page Contentin
versions Mementos
Vector Store

Embedding Model

e,
»| Rawtext

h 4

Generate embeddings —b[ Embeddings

for text chunks

Stores embeddings

and references
records

to

—b[ Static File

Modified WARC-GPT Ingestion Pipeline

The modified WARC GPT ingestion pipeline will
eliminate the need for users to collect WARCS and
allow for URL based input instead

) . .
("’ &jg fStorymodeIers B4 @WwebsciDL ” WebSciDL.bsky.social
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