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Abstract

The long-term spatial and temporal trends in global land-surface temperature
were evaluated by using historical monthly observations at the global,
country, state/province and major-city level. The research methodology used
was quantitative, retrospective and observational. All the temperature data
were cleaned and processed using Python and then analysed using
descriptive statistics, linear regression, the Mann-Kendall trend test and
Sen's slope estimator at the annual, seasonal and decadal scales. The
temperature anomalies were based on the 1951-1980 base period. The global
datasetincluded data for 1750-2015; the spatial dataset included data for 242
countries, 241 states or provinces and 100 major cities up to 2013. Global land
temperature showed statistically significant rising trend; linear regression
showed a warming trend of 0.0458 °C/decade, whereas Sen's slope showed
warming trend of 0.0516 °C/decade. The warmest decade was the 2010s and
the warmest year was 2015 at 1.173 °C. Significant warming was found during
all seasons with the greatest rate of warming occurring in autumn at 0.0652
°C per decade. The mean warming rates for countries, states or provinces and
major cities were 0.0702 °C per decade, 0.0643 °C and 0.0694 °C respectively.
These results confirm warming that has occurred, but also in a regionally
variable manner, and point to the need for long-term monitoring for
regionally based assessments of climate risk, adaptation planning and
evidence-based policymaking.
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1. Introduction

Global climate change is manifested by permanent changes in the Earth's climate system, which
are mainly due to human greenhouse gas emissions, industrialization, deforestation, and high
energy consumption. A clear sign of this process is the increase of surface temperature, which is
related to the long-term variation in the energy balance of the atmosphere and land surface (Gulev
et al. 2021; Masson-Delmotte et al. 2018). Over the past few decades, several of the warmest years
on record have occurred, suggesting that global warming is not a transient phenomenon but it is a
climatic trend (Arguez et al. 2020). While there may be some short-term variability due to natural
causes like solar variation, the overall trend in recent warming is strongly linked to human activity
(Connolly et al. 2021). The temperature rise has led to ecological disturbances, glacier loss, sea
level rise, heatwaves, changes in rainfall, stress to agriculture, health risks and economic losses.
Warming in the ocean has also increased, reinforcing the trend of increased heat storage in the
climate system (Cheng et al. 2019, 2022). Ocean temperatures in 2020, 2021, and so on continue
to record sustained global warming (Cheng et al. 2021, 2023).

Surface temperature assessment is crucial for the evaluation of climate change, as temperature
affects agriculture, the availability of water resources, ecosystems, public health and the risk of
disasters. Historical temperature records can be used to help distinguish between temporary
variability and persistent climate change, and to evaluate the performance of climate models
(Hausfather et al. 2020). Researchers can use reliable temperature monitoring to also pinpoint areas
that are more vulnerable and warm-up spells. Warming across the atmosphere, land and oceans
has been observed in annual climate indicators, highlighting the importance of systematic
observation and regular updates of climate evidence (Forster et al. 2023, 2024).

There is spatial and temporal variation in temperature change. The warming rate varies from
country to country, state to state, and city to city due to the latitude, elevation, land cover,
urbanization, and climatic conditions of the area. Built-up surfaces in urban areas and a lack of
vegetation, as well as the effect of higher latitudes, lead to greater warming in these areas. There
is also variation at seasonal and annual scales and temperature must be considered on these scales
as well. An additional value of annual, decadal and seasonal analysis is that the nature of observed
changes can be seen as being transient or persistent. Real-time warming indicators and historical
reconstructions have shown that positive warming anomalies have been continuously growing
beyond the previous climatic conditions (Haustein et al. 2017).

Long-term datasets can help support a robust assessment of climate trends because they contain
consistent observations over longer time periods. At the global level, country, state, and urban
level, warming trends can be analyzed at a variety of spatial scales. Geographical co-ordinates are
useful for mapping and comparison with other regions and uncertainty estimates can be used to
assess the reliability of the historical observations. Development of the new datasets, e.g., HadEX3
and ERAS, has enhanced climate monitoring in terms of spatial coverage, continuity and
comparability (Dunn et al. 2020; Hersbach et al. 2020). Technical climate summaries also
highlight the need for clear and consistent observational data to gain insight into long-term climate
change.

While there have been numerous studies reporting global warming, only few have combined
global, national, state, and major city observations within a single analysis. Previous studies tend
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to either concentrate on one geographical level or one temporal scale. This makes it difficult to
compare annual, decadal, seasonal and spatial patterns. Thus a joint evaluation is required to be
able to determine areas where the warming rate is relatively high, and to be able to compare
warming trends across geographical scales. This study investigates global land surface temperature
trends over the long term, quantifies annual, decadal and seasonal variations, shows the differing
warming over countries, states and major cities, pinpoints the highest rates of warming and
estimates the uncertainties and missingness in the historical temperature record.

2. Materials and Methods

2.1 Research Design

The type of this research was quantitative, retrospective and observational study with secondary
data on historical temperature. A longitudinal and spatiotemporal analysis approach was used to
evaluate the changes in LST at global, country, state, major city and city scales.

2.2 Dataset Description

Five CSV files were used. GlobalTemperatures.csv was the file with global monthly land-
temperature data from 1750 to 2015 with average, minimum, maximum and land-ocean
temperatures. The spatial datasets had location identifiers, and latitude and longitude were
provided for the city datasets (Earth 2016).

2.3 Study Variables

Average temperature, minimum temperature, maximum temperature, land—ocean average
temperature and temperature uncertainty were the main variables. Temporal variables were date,
season, year, decade and year. Spatial variables were country, state, city, latitude and longitude.
The derived variables were annual mean temperature, seasonal mean temperature, temperature
anomaly, and warming rate (in °C per decade).

2.4 Data Selection Criteria

Records that had a valid date, determined location and available temperature were included.
Duplicate observations, invalid dates, missing temperature records and unidentified locations were
removed. The locations where the number of annual observations was less than 30 years were not
included in long-term trend analysis.

2.5 Data Pre-processing

All the datasets were imported and processed using Python. The date variable was transformed to
datetime format and the year, month, season and decade of the date were created. Directional text
was converted to numeric signed latitude and longitude. Duplicate records were eliminated and
names of locations were standardized. If temperatures were missing, these were not included in
the principal analysis. The annual averages were only computed when a minimum of 10 monthly
values were available for the location for the year.

2.6 Temperature Aggregation and Anomaly Calculation
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The monthly data were used to create annual, seasonal and decadal means. The seasonal
classification was modified to cater for the Northern and Southern hemispheres. The temperature
anomalies were computed based on the mean 1951 — 1980. The difference between the annual
temperature and the baseline temperature was calculated to see the anomaly.

2.7 Statistical Analysis

The descriptive statistics used were mean, median, standard deviation, minimum, maximum,
range, and interquartile range. The absolute rates of change of temperature for each decade and
each year were estimated using linear regression. Mann-Kendall test was used to detect significant
monotonic change and Sen's slope was used to estimate the magnitude of change in temperature.
The 95% confidence interval with p-value < 0.05 was considered statistically significant. Identify
similarities and differences between two or more locations and physical features.

2.8 Spatial and Comparative Analysis

Warming rates were computed for countries, states, major cities and cities. Pearson or Spearman
correlations were analysed to assess the correlation between year and temperature, latitude and
average temperature, latitude and warming rate, and temperature and uncertainty. To compare the
temperature patterns between decades, seasons, geographical region and latitude zones, analysis
of variance or Kruskal-Wallis test was applied.

2.9 Software and Data Visualization

All data cleaning, statistical analysis and visualization were done in Python. The primary libraries
used were Pandas and NumPy for data handling, SciPy and Statsmodels for statistical analysis,
PyMannKendall for trend testing, and for graphical plots and spatial maps, Matplotlib, GeoPandas
and Plotly were used. Annual trend lines, anomaly plots, decadal comparisons, seasonal trend
graphs, scatter plots by latitude, heatmaps and warming maps by country/city were the visual
outputs produced.

3. Results

3.1 Dataset Characteristics

Four sets of historical temperature data were analysed, including Global, Country, State and Major
City temperature data. Data from the global dataset were cleaned for 3,180 valid monthly
observations out of 3,192 observations (99.62%) during the period 1750-2015. The country-level
data contained 577,462 observations from 242 countries, while the state-level data contained
645,675 observations from 241 states or provinces. The major-city dataset contained 239,177
monthly observations from 100 major cities in 49 countries. Data completeness was overall high
with the percentage of missing temperature observations varying between 0.38% in the global
dataset and 5.65% in the country-level dataset. The summary of the characteristics of the four
temperature datasets used in the analyses is given in Table 1, which shows the number of
observations used, data completeness, temporal and geographical coverage.

Table 1. Dataset Characteristics and Analytical Coverage.
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Dataset Original Valid Missing Temporal Geographical
observatio  observation temperature, n (%) coverage units
ns S

Global 3,192 3,180 12 (0.38) 1750-2015 1

temperature

Country- 577,462 544,811 32,651 (5.65) 1743-2013 242

level

temperature

State-level 645,675 620,027 25,648 (3.97) 17432013 241

temperature

Major-city 239,177 228,175 11,002 (4.60) 1743-2013 100

temperature

3.2 Global Temporal Temperature Trends

Annual global land-temperature records showed a statistically significant long-term warming trend
for the entire study period (1750-2015). The estimated mean warming rate was 0.0458 °C per
decade with the regression model accounting for 38.4% of the temporal variation (R2 = 0.384; p
< 0.001). There was a significant increasing trend as evidenced by the non-parametric Mann—
Kendall test (Z = 11.558; p < 0.001). In the same way, Sen's slope estimator yielded a median
warming rate of 0.0516 °C per decade with a 95% confidence interval between 0.0436 and 0.0598
°C per decade suggesting a stable warming rate on global land. Figure 1 shows the annual global
land temperature trend for 1750-2015, and the 10-year moving average trend and fitted linear trend.
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Figure 1. Annual Global Land Temperature Trend

Table 2 presents the principal findings of the global temporal trend analysis, including linear
regression results, Mann—Kendall statistics, Sen's slope estimates, temperature anomalies, and
seasonal warming characteristics.

Table 2. Summary of Global Temporal Temperature Trends
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Indicator

Analytical period
Annual observations
Linear warming rate
Linear trend R?
Linear trend p-value
Mann—Kendall Z

Mann—Kendall p-value

Sen's slope

Sen's slope (95% CI)
Highest anomaly
Lowest anomaly
Warmest decade

Result
1750-2015

264

0.0458 °C/decade
0.384

<0.001

11.558

<0.001

0.0516 °C/decade
0.0436 to 0.0598 °C/decade
1.173 °C (2015)
—1.914 °C (1758)
2010s (9.622 °C)

Fastest-warming season Autumn (0.0652 °C/decade)

3.3 Global Temperature Anomalies and Decadal Changes

The long-term variations of temperature anomalies with respect to the 1951-1980 normal period
were quite large. The highest positive anomaly was observed in 2015 (1.173 °C) and the most
negative anomaly was in 1758 (—=1.914 °C). The anomaly series showed an upward trend in the
frequency of positive anomalies in the last few decades, and thus a warming trend. Decadal
averages also showed a steady increase in global land temperature, and the decade of the 2010s
had the highest average temperature of 0.09622 °C. Previous decades had slightly lower mean
temperatures, reflecting the shift of temperature towards warmer climate over the past history. The
global temperature anomalies are shown for each year since 1950, in comparison to the 1951-1980
baseline period, in Figure 2 which shows both long-term variations and the frequency of positive

anomalies.

Figure 3 presents the decadal variation in global mean land temperature, illustrating the long-term

Temperature Anomaly Relative to 1951-1980 (°C)
|

1750 1800 1850 1900 1950 2000
Year

Figure 2. Global Annual Temperature Anomalies

progression of warming across successive decades.
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Figure 3. Decadal Global Land Temperature Trend

3.4 Seasonal Temperature Trends

Seasonal trend analysis revealed that there was a warming trend in all four seasons over the study
period. Autumn showed the largest warming rate (0.0652 °C per decade) and winter had a similar
rate (0.0622 °C per decade). The warming rates for spring and summer were relatively low, with
0.0370 °C per decade and 0.0197 °C per decade, respectively. Seasonal warming has been
consistently observed over the historical period irrespective of season with statistically significant
increasing temperature trends (p < 0.001) for all seasons as indicated by Mann—Kendall trend
analysis.

3.5 Comparison of Spatial Warming Trends

Warming at the country, state/provincial, and major-city levels was always seen when comparing
the different spatial scales. The warming rate by countries (0.0702 °C per decade) was the highest,
followed by major cities (0.0694 °C per decade) and states or provinces (0.0643 °C per decade).
Median warming rates were between 0.0600 and 0.0771 °C per decade, with maximum warming
rates up to 0.1471 °C per decade at the country level. For the 242 countries, 241 states/provinces
and 100 major cities analysed, the warming was found to be statistically significant in all. The
estimated warming rates at the country, state/Provincial and major-city levels are compared in
Table 3 using Sen's slope statistics.

Table 3. Comparison of Spatial Warming Trends

Geograph  Units Mean Median Minimum Maximum  Units
ical level analyse warmingrate warming warming warming with

d (°C/decade)  rate rate rate significa

(°C/decade) (°C/decade) (°C/decade) nt
warming

Country 242 0.0702 0.0771 0.0254 0.1471 242
State or 241 0.0643 0.0600 0.0310 0.1176 241
province
Major 100 0.0694 0.0747 0.0255 0.0988 100
city
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Figure 4 compares the average warming rates across different geographical levels, including the
global, country, state/provincial, and major-city scales.
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Geographical Level

Figure 4. Mean Warming Rates Across Geographical Levels

Overall, the findings demonstrated a consistent and statistically significant long-term warming
trend across global, country, state/provincial, and major-city levels, with recent decades exhibiting
the highest temperatures and the most frequent positive anomalies. Spatial comparisons further
indicated that although warming rates varied among geographical levels, all analysed regions
showed significant warming, highlighting the widespread nature of contemporary climate change.

4. Discussion

The study revealed a robust and statistically significant global warming trend over the historical
period at the land surface. The greatest warming has taken place in recent decades, and positive
temperature anomalies increased in frequency after the late twentieth century. In space, warming
was observed in countries, states and major cities, but with varying magnitudes. There was even
an increase in warming during autumn and winter compared to spring and summer. This is in line
with the overall conclusion that the recent climate change is widespread, persistent and mainly
linked to anthropogenic forcing (Lee et al. 2023).

This warming trend is an indication of long-term climate change, not short-term fluctuations. Years
exhibited sporadic cooling or warming, but the overall trend was positive throughout the entire
year. A significant number of positive anomalies in recent years suggests that the current
temperature is increasingly exceeding the previous baseline temperature. This is the same pattern
as evidence that has revealed that climate change signals can now be discerned even in short-term
weather fluctuations (Sippel et al. 2020). This is consistent with the revised observational data
which show a long-term warming of the near-surface atmosphere since the 1800s (Morice et al.
2021).

A comparison of average temperatures across decades revealed that the last few decades were
definitely warmer than previous ones. This acceleration due to a combination of the effects of
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greenhouse-gas emissions, industrial expansion, and the use of fossil fuels. Warm and cold periods
in the past were not synchronous globally, but recent warming is coherent globally (Neukom et al.
2019). As such, the persistent positive anomalies noted here are a significant shift from earlier
regional variations, and suggest continued warming along current emissions trajectories (Schmidt
etal. 2019).

Regional and national differences in warming rates are due to different latitudes, continentality,
height and regional air circulation. They are particularly vulnerable in high latitudes due to snow,
ice and albedo feedbacks. A high rate of warming has been noted since 1979, particularly in Arctic
regions, at almost four times the global average (Rantanen et al. 2022). Spatial variability also
reflects a lack of observational coverage or local climatic processes, so large-scale datasets of land
temperature like Berkeley Earth (Rohde and Hausfather 2020) and CRUTEMS (Osborn et al.
2021) are valuable.

The warming rates were similar or larger in the major cities than the geographical averages. There
further be an urban heat-island effect with increased local warming as a result of urban expansion,
less greenery, a high density of infrastructure, and heat retention. These patterns have significant
public health, energy and urban resilience impacts especially in fast-growing cities. Historical
observations continue to be vital to differentiate urban impacts from broader climate variability,
as well as for enhanced city-level planning.

Seasonal differences show that there are not the same warming trends all year long. Rapid autumn
and winter warming impacts the timing of the crop cycle, snow cover, water availability and
ecosystem timing. Changes in the frequency and intensity of extreme events, such as heatwaves,
droughts and unusual winter conditions, are also potential impacts of seasonal warming
(Seneviratne et al. 2021).

These results are consistent with those of the large global temperature datasets and international
climate assessments. Uncertainties have been enhanced in long-term records in GISTEMP
(Schmidt et al. 2019) and GISTEMPv4 uncertainty ensemble adds greater confidence in recent
temperature trends (Lenssen et al. 2024). The results are also in line with data from the Global
Historical Climatology Network monthly dataset which is used for monitoring long-term land
temperatures (Menne et al. 2018). In addition, observations-based projections also validate the
ability of historical records to enhance estimates of future warming (Ribes, Qasmi, and Gillett
2021).

The policies should focus on climate-resilient urban planning, better monitoring, regional
adaptation and safeguarding of highly exposed populations. There is a need to incorporate
longterm observational evidence into mitigation planning and climate-risk assessment. The spatial
datasets were only available until the end of 2013, and the global dataset was only available until
the end of 2015, which means that recent warming was not well represented. Causality is also
limited by unequal temporal coverage, missing data, land-based observations, and missing
greenhouse-gas and socioeconomic data. Future studies should incorporate the latest satellite data
and reanalysis data as well as land-use change, emissions, precipitation, humidity and indicators
of extreme weather. Further enhancement of regional and urban temperature assessment possible
using spatial regression, machine learning, and new climate projections.
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5. Conclusion

The study investigated the long-term global land-surface temperature trends from historical
observations at global, country, state/Province and major-city levels. The results showed that the
land temperature globally rose significantly from 1750 to 2015 annually. The linear regression
warming rate was 0.0458 °C per decade and Sen's slope warming rate was 0.0516 °C per decade.
That the 2015 was the warmest on record and that the 1980s, 1990s, 2000s and 2010s were the
four warmest decades further reinforced the warming acceleration in recent decades. The seasonal
analysis indicated a noteworthy warming in all seasons with the maximum warming in autumn
and winter seasons. Widespread warming was also indicated by spatial comparisons of all
geographical units analysed. The mean warming rate for the country-level records was 0.0702 °C
per decade; the mean rate for states or provinces was 0.0643 °C; and the rate for major cities was
0.0694 °C per decade. These fluctuations illustrate the spatial differences in warming while the
warming trend is consistent. The results highlight the need for long-term temperature monitoring
for identification of climate-sensitive regions and for evidence-based adaptation. The historical
end point of the datasets, however, and the fact that the data for some variables are not available
for the same time periods, missing observations, and lack of direct greenhouse-gas and
socioeconomic variables, constrain causal interpretation. Future research should incorporate more
recent satellite observations, reanalysis data, emissions, land-use information, and extreme
weather data to ensure the most up-to-date and thorough regional climate change assessments.

References

1. Arguez, Anthony, Shannan Hurley, Anand Inamdar, Laurel Mahoney, Ahira Sanchez-Lugo, and Lilian
Yang. 2020. “Should We Expect Each Year in the next Decade (2019-28) to Be Ranked among the
Top 10 Warmest Years Globally?” Bulletin of the American Meteorological Society 101(5):E655-63.

2. Cheng, Lijing, John Abraham, Zeke Hausfather, and Kevin E. Trenberth. 2019. “How Fast Are the
Oceans Warming?” Science 363(6423):128-29. doi:10.1126/science.aav7619.

3. Cheng, Lijing, John Abraham, Kevin E. Trenberth, John Fasullo, Tim Boyer, Ricardo Locarnini, Bin
Zhang, Fujiang Yu, Liying Wan, Xingrong Chen, Xiangzhou Song, Yulong Liu, Michael E. Mann,
Franco Reseghetti, Simona Simoncelli, Viktor Gouretski, Gengxin Chen, Alexey Mishonov, Jim
Reagan, and Jiang Zhu. 2021. “Upper Ocean Temperatures Hit Record High in 2020.” Advances in
Atmospheric Sciences 38(4):523-30. doi:10.1007/s00376-021-0447-x.

4. Cheng, Lijing, John Abraham, Kevin E. Trenberth, John Fasullo, Tim Boyer, Michael E. Mann, Jiang
Zhu, Fan Wang, Ricardo Locarnini, Yuanlong Li, Bin Zhang, Zhetao Tan, Fujiang Yu, Liying Wan,
Xingrong Chen, Xiangzhou Song, Yulong Liu, Franco Reseghetti, Simona Simoncelli, Viktor
Gouretski, Gengxin Chen, Alexey Mishonov, and Jim Reagan. 2022. “Another Record: Ocean

Warming Continues through 2021 despite La Nifia Conditions.” Advances in Atmospheric Sciences

10
https://ijrbma.com/index.php/bma/index


https://gnpublication.org/index.php/cces

International Journal for Research in Climate Change and Earth Science

39(3):373-85. doi:10.1007/s00376-022-1461-3.

Cheng, Lijing, John Abraham, Kevin E. Trenberth, John Fasullo, Tim Boyer, Michael E. Mann, Jiang
Zhu, Fan Wang, Ricardo Locarnini, Yuanlong Li, Bin Zhang, Fujiang Yu, Liying Wan, Xingrong Chen,
Licheng Feng, Xiangzhou Song, Yulong Liu, Franco Reseghetti, Simona Simoncelli, Viktor Gouretski,
Gengxin Chen, Alexey Mishonov, Jim Reagan, and Guancheng Li. 2023. “Another Year of Record
Heat for the Oceans.” Advances in Atmospheric Sciences 40(6):963—74. doi:10.1007/s00376-023-
2385-2.

Connolly, Ronan, Willie Soon, Michael Connolly, Sallie Baliunas, Johan Berglund, C. John Butler,
Rodolfo Gustavo Cionco, Ana G. Elias, Valery M. Fedorov, and Hermann Harde. 2021. “How Much
Has the Sun Influenced Northern Hemisphere Temperature Trends? An Ongoing Debate.” Research in

Astronomy and Astrophysics 21(6):131.

Dunn, Robert J. H., Lisa V. Alexander, Markus G. Donat, Xuebin Zhang, Margot Bador, Nicholas
Herold, Tanya Lippmann, Rob Allan, Enric Aguilar, Abdoul Aziz Barry, Manola Brunet, John Caesar,
Guillaume Chagnaud, Vincent Cheng, Thelma Cinco, Imke Durre, Rosaline De Guzman, Tin Mar Htay,
Wan Maisarah Wan Ibadullah, Muhammad Khairul I1zzat Bin Ibrahim, Mahbobeh Khoshkam, Andries
Kruger, Hisayuki Kubota, Tan Wee Leng, Gerald Lim, Lim Li-Sha, Jose Marengo, Sifiso Mbatha,
Simon McGree, Matthew Menne, Maria De Los Milagros Skansi, Sandile Ngwenya, Francis Nkrumabh,
Chalump Oonariya, Jose Daniel Pabon-Caicedo, Gérémy Panthou, Cham Pham, Fatemeh Rahimzadeh,
Andrea Ramos, Ernesto Salgado, Jim Salinger, Youssouph Sané, Ardhasena Sopaheluwakan, Arvind
Srivastava, Ying Sun, Bertrand Timbal, Nichanun Trachow, Blair Trewin, Gerard Van Der Schrier,
Jorge Vazquez-Aguirre, Ricardo Vasquez, Claudia Villarroel, Lucie Vincent, Theo Vischel, Russ Vose,
and Mohd Noor’ Arifin Bin Hj Yussof. 2020. “Development of an Updated Global Land In Situ-Based
Data Set of Temperature and Precipitation Extremes: HadEX3.” Journal of Geophysical Research:
Atmospheres 125(16):¢2019JD032263. doi:10.1029/2019JD032263.

Earth, Berkeley. 2016. “Climate = Change: Earth  Surface = Temperature = Data.”

https://www.kaggle.com/datasets/berkeleyearth/climate-change-earth-surface-temperature-data.

Forster, Piers M., Chris Smith, Tristram Walsh, William Lamb, Robin Lamboll, Bradley Hall, Mathias
Hauser, Aurélien Ribes, Debbie Rosen, and Nathan Gillett. 2024. “Indicators of Global Climate Change
2023: Annual Update of Key Indicators of the State of the Climate System and Human Influence.”
Earth System Science Data Discussions 2024:1-57.

10. Forster, Piers Maxwell, Christopher J. Smith, Tristram Walsh, William F. Lamb, Matthew D. Palmer,

11

https.//ijrbma.com/index.php/bma/index


https://gnpublication.org/index.php/cces

International Journal for Research in Climate Change and Earth Science

11.

12.

13.

14.

15.

16.

12

Karina von Schuckmann, Blair Trewin, Myles Allen, Robbie Andrew, and Arlene Birt. 2023.
“Indicators of Global Climate Change 2022: Annual Update of Large-Scale Indicators of the State of
the Climate System and the Human Influence.” Earth System Science Data Discussions 2023:1-82.

Gulev, Sergey K., Peter W. Thorne, Jinho Ahn, Frank J. Dentener, Catia M. Domingues, Sebastian
Gerland, Daoyi Gong, Darrell S. Kaufman, Hyacinth C. Nnamchi, and Johannes Quaas. 2021.
“Changing State of the Climate System.” Climate Change 2021: The Physical Science Basis.
Contribution of Working Group I to the Sixth Assessment Report of the Intergovernmental Panel on

Climate Change 287-422.

Hausfather, Zeke, Henri F. Drake, Tristan Abbott, and Gavin A. Schmidt. 2020. “Evaluating the
Performance of Past Climate Model Projections.” Geophysical Research Letters

47(1):e2019GL085378. doi:10.1029/2019GL085378.

Haustein, Karsten, Myles R. Allen, Peter M. Forster, Friederike EL Otto, Daniel M. Mitchell, H. Damon
Matthews, and Dave J. Frame. 2017. “A Real-Time Global Warming Index.” Scientific Reports
7(1):15417.

Hersbach, Hans, Bill Bell, Paul Berrisford, Shoji Hirahara, Andras Horanyi, Joaquin Mufioz-Sabater,
Julien Nicolas, Carole Peubey, Raluca Radu, Dinand Schepers, Adrian Simmons, Cornel Soci, Saleh
Abdalla, Xavier Abellan, Gianpaolo Balsamo, Peter Bechtold, Gionata Biavati, Jean Bidlot, Massimo
Bonavita, Giovanna De Chiara, Per Dahlgren, Dick Dee, Michail Diamantakis, Rossana Dragani,
Johannes Flemming, Richard Forbes, Manuel Fuentes, Alan Geer, Leo Haimberger, Sean Healy, Robin
J. Hogan, Elias H6lm, Marta Janiskova, Sarah Keeley, Patrick Laloyaux, Philippe Lopez, Cristina
Lupu, Gabor Radnoti, Patricia De Rosnay, Iryna Rozum, Freja Vamborg, Sebastien Villaume, and Jean-
Noél Thépaut. 2020. “The ERAS Global Reanalysis.” Quarterly Journal of the Royal Meteorological
Society 146(730):1999-2049. doi:10.1002/q;.3803.

Lee, Hoesung, Katherine Calvin, Dipak Dasgupta, Gerhard Krinner, Aditi Mukherji, Peter Thorne,
Christopher Trisos, Jos¢é Romero, Paulina Aldunce, and Ko Barrett. 2023. “IPCC, 2023: Climate
Change 2023: Synthesis Report: A Report of the Intergovernmental Panel on Climate Change.”
https://researchportalplus.anu.edu.au/en/publications/ipcc-2023-climate-change-2023-synthesis-
report-a-report-of-the-in/.

Lenssen, Nathan, Gavin A. Schmidt, Michael Hendrickson, Peter Jacobs, Matthew J. Menne, and Reto
Ruedy. 2024. “A NASA GISTEMPv4 Observational Uncertainty Ensemble.” Journal of Geophysical
Research: Atmospheres 129(17):€2023JD040179. doi:10.1029/2023JD040179.

https.//ijrbma.com/index.php/bma/index


https://gnpublication.org/index.php/cces

International Journal for Research in Climate Change and Earth Science

17.

18.

19.

20.

21.

22.

23.

24,

25.

13

Masson-Delmotte, Valérie, P. Zhai, H. O. Pértner, D. Roberts, J. Skea, P. R. Shukla, A. Pirani, W.
Moufouma-Okia, C. Péan, and R. Pidcoc. 2018. “Intergovernmental Panel on Climate Change (IPCC).
Global Warming of 1.5° C: An IPCC Special Report on the Impacts of Global Warming of 1.5 C
Above Pre-Industrial Levels and Related Global Greenhouse Gas Emission Pathways, in the Context
of Strengthening the Global Response to the Threat of Climate Change.” Sustainable Development,
and Efforts to Eradicate Poverty.

Menne, Matthew J., Claude N. Williams, Byron E. Gleason, J. Jared Rennie, and Jay H. Lawrimore.
2018. “The Global Historical Climatology Network Monthly Temperature Dataset, Version 4.” Journal
of Climate 31(24):9835-54.

Morice, C. P., J. J. Kennedy, N. A. Rayner, J. P. Winn, E. Hogan, R. E. Killick, R. J. H. Dunn, T. J.
Osborn, P. D. Jones, and 1. R. Simpson. 2021. “An Updated Assessment of Near-Surface Temperature
Change From 1850: The HadCRUTS Data Set.” Journal of Geophysical Research: Atmospheres
126(3):¢2019JD032361. doi:10.1029/2019JD032361.

Neukom, Raphael, Nathan Steiger, Juan José Gomez-Navarro, Jianghao Wang, and Johannes P.
Werner. 2019. “No Evidence for Globally Coherent Warm and Cold Periods over the Preindustrial
Common Era.” Nature 571(7766):550-54.

Osborn, T. J., P. D. Jones, D. H. Lister, C. P. Morice, I. R. Simpson, J. P. Winn, E. Hogan, and I. C.
Harris. 2021. “Land Surface Air Temperature Variations Across the Globe Updated to 2019: The
CRUTEMS Data Set.” Journal of Geophysical Research: Atmospheres 126(2):e2019JD032352.
doi:10.1029/2019JD032352.

Rantanen, Mika, Alexey Yu Karpechko, Antti Lipponen, Kalle Nordling, Otto Hyvérinen, Kimmo
Ruosteenoja, Timo Vihma, and Ari Laaksonen. 2022. “The Arctic Has Warmed Nearly Four Times

Faster than the Globe since 1979.” Communications Earth & Environment 3(1):168.

Ribes, Aurélien, Said Qasmi, and Nathan P. Gillett. 2021. “Making Climate Projections Conditional on
Historical Observations.” Science Advances 7(4):eabc0671. doi:10.1126/sciadv.abc0671.

Rohde, Robert A., and Zeke Hausfather. 2020. “The Berkeley Earth Land/Ocean Temperature Record.”
Earth System Science Data 12(4):3469-79.

Schmidt, Gavin A., Daniel Zyss, Nathan JL. Lenssen, Avraham Persin, Reto Ruedy, James E. Hansen,
and Matthew J. Menne. 2019. “Improvements in the GISTEMP Uncertainty Model.” Journal of
Geophysical Research. Atmospheres 124(12):6307.

https.//ijrbma.com/index.php/bma/index


https://gnpublication.org/index.php/cces

International Journal for Research in Climate Change and Earth Science

26. Seneviratne, Sonia I., Xuebin Zhang, Muhammad Adnan, Wafae Badi, Claudine Dereczynski, A. Di
Luca, Subimal Ghosh, Iskhaq Iskandar, James Kossin, and Sophie Lewis. 2021. “Weather and Climate
Extreme Events in a Changing Climate.” Climate Change 2021: The Physical Science Basis: Working
Group I Contribution to the Sixth Assessment Report of the Intergovernmental Panel on Climate

Change 1513-1766.

27. Sippel, Sebastian, Nicolai Meinshausen, Erich M. Fischer, Enik\Ho Székely, and Reto Knutti. 2020.
“Climate Change Now Detectable from Any Single Day of Weather at Global Scale.” Nature Climate
Change 10(1):35-41.

14
https.//ijrbma.com/index.php/bma/index


https://gnpublication.org/index.php/cces



