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Fig. 1. The shifting bell curve for Northern Hemisphere land in the summer.  

 

The Climate Dice are Loaded. Now, a New Frontier?                                                

13 July 2023 
James Hansen, Makiko Sato and Reto Ruedy 

Andy Revkin recently asked whether the “climate dice” have become more “loaded” in the last 15 

years. Climate dice were defined1 in 1988, after we realized that the next cool summer may cause 

the public to discount human-caused climate change. The answer is “yes,” the dice are more loaded 

as we will explain via the shifting bell curve (Fig. 1). The shift is large enough that most people 

notice the change, but that doesn’t prevent a person with a bias from taking the cool June in the U.S. 

this year (Fig. 2) as proof that global warming predictions were wrong – and, of course, a loose 

cannon on Twitter has done just that. That’s nonsense, of course. On global average, June 2023 was 

easily the warmest June in the historical record, as we will illustrate below. 

What to do about loose cannons? Censor them? Bad idea. Censorship leads to enforced conformity, 

which has more serious consequences than loose cannons. Conformity leads to dogma,2 which is 

anti-science. Science aims to compile real-world data and interpret it without prejudice, including 

its implications for policy. In a democracy, we must keep the public informed, which requires 

correcting disinformation. The aim is not to persuade a loose cannon – who likely has prior bias and 

is unpersuadable – but rather to educate those people who are open-minded. 

 

Fig. 2. Surface temperature anomaly (°C) in June 2023 relative to 1951-1980 June mean. 
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A 1-page description of the bell curves and climate dice is available as the author summary of our 

PNAS paper3 on the topic. The variability of summer mean temperature in the base period (1951-

1980, prior to the period of rapid global warming), is described by the bell curve on the left (Fig. 1). 

By definition, the one-third of summers closest to average temperature are the white, warmer 

summers are red and colder are blue, thus each color covering 2 of the 6 sides of the dice. By the 

last decade of the 20th century, red conditions were occurring 63% of the time on Northern 

Hemisphere land, which is almost the 67% needed to cover 4 sides. Twenty years later, the red area 

is 87.6%, five sides of the dice. So, the answer to Andy’s question is: yes, one more side is red. 

The more important point is the dark red area on the bell curve, the portion that exceeds three 

standard deviations. These are extremely hot summers that seldom occurred in the base period (less 

than 1% of the time). Chance of occurrence now is more than 20%, thus covering more than one 

side of the dice (one side is 16.7%). Increase of such climate extremes has the greatest practical 

importance. Moreover, the moisture extremes are more important than the temperature extremes.  

In testimony to Congress in 1988 and 1989, and in a paper attached to the 1989 testimony, we noted 

that global warming causes wet places to get wetter and dry places to get drier. In places where the 

average precipitation changes little, we showed that wet times get wetter and dry times get drier. 

We also found that storms become stronger in a warmer world. We found that the “fuel” for storms, 

something called “moist static energy” – the sum of sensible heat, latent heat, and geopotential 

energy – increases in a warmer world. Moist static energy increases especially near the surface, so a 

warmer climate is prone to more powerful vertical convection that reaches greater altitude. In our 

climate model, doubled CO2 caused the height of convective cumulus storm cells to increase several 

hundred meters. Higher absolute humidity and deeper penetration of moist convection cause a 

larger portion of the rainfall to occur in intense thunderstorms, as opposed to the gentler rainfall 

from large-scale stratiform clouds. Increased storm strength is not limited to thunderstorms. Kerry 

Emanuel of MIT used sea surface temperature increases from our 2×CO2 experiment to estimate the 

effect on maximum intensity of tropical cyclones. Minimum sustained surface pressure fell from 

880 mb to 800 mb and maximum potential wind speed increased from 175 to 220 miles per hour. 

A new climate frontier? Suspicion that we are headed into new climate territory, not seen in the 

past million years,4 is fueled by the present extraordinarily large Earth’s energy imbalance (EEI). 

EEI (Fig. 3) is the proximate cause of global warming: as long as more energy is coming in than 

going out, we must expect global warming to continue. Given the acceleration of EEI in the past 

    
Fig. 3. 12-month running-mean of Earth’s energy imbalance from CERES satellite data5 

normalized to 0.71 W/m2 mean for July 2005 – June 2015 (light blue bar) from in situ data.6  

https://www.columbia.edu/~jeh1/Documents/Hansen.2012.PerceptionClimChan.PNAS.pdf
http://www.columbia.edu/~jeh1/Documents/Planet.Chapters28+29.2022.12.25.pdf
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Fig. 4. Global temperature (relative to 1880-1920 mean) for the 1997-98 and 2015-16 super El 

Ninos with the budding 2023-24 El Nino. The two earlier El Ninos peaked in February of the 

second year. It is too early to tell how strong the current El Nino will be and whether it will 

peak in February 2024. 

several years (Fig. 3), we anticipate an acceleration of global warming. Acceleration is difficult to 

measure because of the large interannual variability of global temperature associated with tropical 

El Nino/La Nina oscillations. If the newborn El Nino proves to be comparable to the prior two 

strong El Ninos (1997-98 and 2015-16), the 2023-24 global temperature will provide a measuring 

stick that helps determine whether the global warming rate is accelerating.  

In the 18 years between the 1997-98 and 2015-16 El Ninos, global temperature increased 0.43°C, 

thus at rate of 0.24°C per decade, larger than the 1970-2010 global warming rate (0.18°C/decade), 

as has been pointed out.7 For reasons discussed in the draft paper Global warming in the pipeline,8 

we anticipate acceleration of global warming to the rate shown by the yellow area in Fig. 5. In that 

case, the 2023-24 temperature curve (red curve in Fig. 4) is likely to fall substantially above the 

(green) curve for the prior El Nino and may set new global temperature records continually during 

the next 12 months. It seems that we are headed into a new frontier of global climate. 

 
Fig. 5. Global temperature relative to 1880-1920. Edges of the predicted post-2010 accelerated 

warming rate (see text) are 0.36 and 0.27°C per decade. 

http://www.columbia.edu/~jeh1/Documents/PipelinePaper.2023.07.05.pdf
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