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references and methodologies.

by Climate Science Team
Based on IPCC, NASA, NOAA, and peer-reviewed research



Contents

01. Temperature Evidence

02. Human Activities

03. Scientific Methods

04. Summary Q&A

Global temperature records and data analysis showing 

unprecedented warming trends and methodological approaches.

Greenhouse gas emissions data, fossil fuel impacts, and industrial 

revolution correlation with warming.

Data collection algorithms, attribution studies, and climate modeling 

approaches used in research.

Key findings synthesis, remaining questions, and comprehensive 

references for further research.



"
It is unequivocal that human influence has warmed the 

atmosphere, ocean and land.

— IPCC Sixth Assessment Report (2021)

This definitive statement from the Intergovernmental Panel on Climate Change represents the consensus of 

thousands of scientists worldwide, based on comprehensive analysis of multiple lines of evidence including 

temperature records, ice cores, and attribution studies.



Record-Breaking Temperature Trends 2024

2024 Temperature Records

2024 was confirmed as the warmest year on 

record globally, with temperatures 1.29°C above 

the 20th-century average. The past decade shows 

consistent record-breaking temperatures with 

clear warming acceleration.

2024: Warmest year globally recorded

Ten warmest years: All in last decade

1.55°C above pre-industrial levels achieved

Record broken by 0.18°C margin

Consistent warming across all continents

Ocean temperatures reached highest levels
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2024 Global Temperature Data Analysis

Comprehensive analysis of 2024 temperature records from multiple international datasets including NASA, NOAA, 

WMO, and Berkeley Earth, showing unprecedented warming trends across all measurement systems.

Region 2024 Anomaly (°C) Rank Previous Record Margin (°C)

Global Surface +1.29 1st 2023 (+1.17) 0.12

Ocean Surface +0.51 1st 2023 (+0.43) 0.08

Northern Hemisphere +1.35 1st 2023 (+1.21) 0.14

Southern Hemisphere +1.23 1st 2023 (+1.13) 0.10

Arctic Region +1.34 4th 2016 (+1.45) -0.11

Europe +1.47 1st 2020 (+1.34) 0.13



Historical Temperature Context

Pre-Industrial Stability Industrial Revolution 
Impact

Accelerated Modern 
WarmingFor nearly 2000 years, global 

temperature variations remained 

within 0.5°C range, showing natural 

climate stability before industrial 

activities.

Starting from 1850, sharp 

temperature increase began 

coinciding with widespread fossil fuel 

use and industrial expansion globally.

Past three decades show 

unprecedented warming rates, with 

temperature increases exceeding 

any natural variation in recorded 

history.



Greenhouse Gas Concentration Trends

Record CO2 Levels

Accelerating Emissions

2024 reached 422.1 ppm CO2, highest in 

human history and 51% above 

pre-industrial levels.

Annual CO2 increase of 2.9 ppm in 

2024 shows continued acceleration of 

greenhouse gas accumulation.



The Greenhouse Effect Mechanism

Greenhouse Gas Physics

Solar Energy Input Heat Trapping Process

Greenhouse gases in Earth's atmosphere act like invisible glass, allowing 

solar energy to reach Earth's surface but trapping outgoing heat radiation. 

This natural process maintains Earth's temperature suitable for life, but 

increased concentrations intensify warming.

Sun's energy reaches Earth's 

surface, warming land and 

oceans which then emit infrared 

radiation back toward space 

through atmospheric layers.

CO2 and CH4 molecules absorb 

outgoing infrared radiation, 

re-emitting it in all directions, 

keeping more heat in 

atmosphere and warming 

planet.



Human vs Natural CO2 Emissions

Emission Source Analysis
Scientific data clearly shows human 

activities are the dominant source of CO2 

emissions. All volcanic activity since 1850 

accounts for less than 1% of total human 

emissions. The St. Helens and Pinatubo 

eruptions combined released CO2 

equivalent to just 2.5 hours of human 

emissions.
Without human emissions, IPCC 

climate models show global 

temperature would remain constant, 

proving human causation.



Scientific Evidence Multiple Data Sources

Scientific Consensus Temperature Rise CO2 ppm Level Years of Records

Satellite Data Paleoclimate Records Climate Models

97% 1.55°C 422 175

NASA and NOAA satellites provide 

continuous global temperature 

monitoring with unprecedented 

accuracy and coverage.

Real-time global temperature 

measurements from space.

Ocean heat content monitoring 

shows 90% heat storage.

Ice sheet mass loss tracked via 

gravity measurements.

Ice cores, tree rings, and sediment 

cores provide climate data 

spanning thousands of years for 

historical comparison.

CO2 levels highest in 800,000 years 

of records.

Current warming 10 times faster 

than post-ice age.

Temperature rise unprecedented in 

10,000 years of data.

Advanced computer simulations 

accurately reproduce observed 

warming only when human factors 

are included in calculations.

Models without human factors 

cannot explain current warming.

Attribution studies confirm human 

fingerprint in climate.

Future projections based on 

validated physical processes.
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Climate Attribution Methods

Observational Data Collection

Statistical Analysis Algorithms

Climate Model Simulations

Attribution Confirmation

Scientists gather temperature, precipitation, and atmospheric data from weather stations, satellites, ocean buoys, and 

ice cores spanning decades to millennia for comprehensive analysis.

Advanced statistical methods including regression analysis, signal detection, and fingerprinting algorithms identify 

human signals in climate data versus natural variability patterns.

Supercomputers run physics-based models comparing scenarios with and without human influences, consistently 

showing current warming requires anthropogenic factors for accurate reproduction.

Multiple independent research groups using different methods consistently conclude human activities are the 

dominant cause of observed warming since mid-20th century.



Data Analysis Algorithms and Methods

Statistical Signal 
Detection

Global Climate Modeling
Multi-Source Data 

Integration

Optimal fingerprinting algorithms 

identify human climate signals.

Monte Carlo methods assess 

statistical significance levels.

Trend analysis detects 

acceleration in warming rates.

General Circulation Models 

simulate atmospheric and ocean 

dynamics.

Ensemble runs quantify 

uncertainty and natural variability.

Coupled models integrate 

land-atmosphere-ocean 

interactions comprehensively.

Homogenization algorithms 

correct for measurement 

inconsistencies.

Spatial interpolation methods fill 

data gaps globally.

Quality control procedures ensure 

data reliability standards.
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Ocean Heat Content Evidence

Ocean Warming Data
Ocean heat content provides critical 

evidence for global warming as oceans 

store 90% of excess heat from 

greenhouse gas increases. The upper 

2000 meters of ocean reached record 

temperatures in 2024, with heat content 

increasing by 16 zettajoules from 2023 to 

2024.

90%
Heat Storage in Oceans



Physical Evidence of Climate Change

Glacial Retreat Evidence

Sea Level Rise Measurements

Greenland ice sheet loses 279 billion tons annually.

Antarctic ice sheet loses 148 billion tons per year.

Global glacier retreat documented on all continents.

Global sea level rising at 3.4 mm per year.

Thermal expansion contributes to ocean volume 

increase.

Accelerating rate of rise in recent decades.
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Climate Evidence Analysis Framework

Temperature Record Strengths Data Limitations

Technological OpportunitiesNatural Variability Challenges

Multiple independent global temperature 

datasets from NASA, NOAA, and others show 

consistent warming trends with high-quality 

instrumentation and rigorous quality control.

Sparse coverage in polar regions and 

oceans before satellite era, urban heat 

island effects, and measurement 

uncertainties require statistical corrections 

and homogenization.

Advanced satellite monitoring, improved 

climate models, machine learning for 

pattern recognition, and paleoclimate proxy 

data expansion enhance understanding and 

attribution.

El Niño/La Niña cycles, solar variations, and 

volcanic eruptions create short-term noise 

requiring sophisticated statistical methods 

to isolate human signals.



Key Scientific Studies and References

IPCC Assessment 
Reports

Agency Climate Reports

Peer-Reviewed Research

The Intergovernmental Panel on 

Climate Change Sixth Assessment 

Report (2021-2023) synthesizes 

thousands of peer-reviewed studies, 

concluding with high confidence that 

human influence has warmed the 

planet.

NASA GISS, NOAA NCEI, and other 

agencies provide independent 

temperature datasets, all showing 

consistent warming trends and 2024 

as the warmest year on record.

Over 99% of climate science papers 

published since 2012 support human 

causation, with attribution studies 

using fingerprinting methods 

confirming anthropogenic warming 

signals.



Climate Indicators Comparison

Indicator Pre-Industrial 1990 2023 2024 Change Rate

Global Temperature (°C) 13.7 14.4 14.9 15.1 +0.20/decade

CO2 Concentration (ppm) 280 354 419 422 +2.5/year

Arctic Sea Ice (million km²) 7.0 6.2 4.9 4.0 -13%/decade

Ocean Heat Content (ZJ) ~200 220 280 296 +0.6/year

Sea Level Rise (mm) 0 85 216 240 +3.4/year

1.6°C
Temperature Rise Above Pre-Industrial

51%
CO2 Increase Since Pre-Industrial



Climate System Feedback Loops

Temperature-Water 
Vapor Feedback

Ice-Albedo Feedback

Carbon Cycle Feedback

Warmer air holds more moisture, 

creating additional greenhouse 

effect. Water vapor concentration 

reached record 4.9% above average 

in 2024, amplifying warming through 

positive feedback mechanisms.

Melting ice reduces Earth's reflectivity, 

exposing darker surfaces that absorb 

more heat. Arctic sea ice decline 

accelerates regional warming, creating 

self-reinforcing warming cycle.

Climate change affects carbon sinks 

and sources. Warmer temperatures can 

reduce forest carbon uptake and 

increase soil carbon release, potentially 

accelerating atmospheric CO2 growth 

rates.



Data Quality and Validation Methods

Temperature Data Validation Global Coverage Assessment
Rigorous quality control ensures accurate climate 

records through multiple independent verification 

methods and cross-validation between different 

measurement systems.
Homogenization corrects for station moves and 

instrument changes over time.

Urban heat island effects identified and adjusted 

using rural station comparisons.

Satellite data provides independent verification of 

surface temperature trends globally.

Comprehensive spatial and temporal coverage 

ensures representative global temperature 

calculations through sophisticated interpolation and 

uncertainty quantification methods.
Spatial interpolation methods account for data 

gaps in remote regions.

Ocean temperature measurements from Argo 

floats provide global ocean coverage.

Paleoclimate proxies extend records back 

thousands of years for context.

●

●

●

●

●

●



Key Findings Summary

Scientific Evidence Synthesis

Temperature Evidence Human Causation

Data Quality Scientific Consensus Attribution Methods

Multiple independent lines of evidence from temperature records, greenhouse gas measurements, physical observations, and 

climate models consistently demonstrate ongoing climate warming and clear human causation.

2024 warmest year on record globally

Past decade contains all top 10 warmest years

Warming rate unprecedented in 10,000 years

CO2 levels highest in 800,000 years

Human emissions dwarf natural sources

Climate models require human factors for accuracy

Multiple independent datasets from 

agencies worldwide confirm trends.

97% of climate scientists agree on 

human causation based on 

evidence.

Advanced algorithms isolate human 

signals from natural climate 

variability.
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