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This is a schematic of the trends in temperature and 

ocean-atmosphere circulation in the Pacific over the 

past two decades. Color shading shows observed 

temperature trends ( C per decade) during 1992-

2011 at the sea surface (Northern Hemisphere 

only), zonally averaged in the latitude-depth sense 

(as per Supplementary Fig. 6) and along the 

equatorial Pacific in the longitude-depth plane 

(averaged between 5 N S).  

http://images.sciencedaily.com/2014/02/140209152454-

large.jpg   

http://im.ft-static.com/content/images/c889d60f-aa95-48b9-96de-6c3f46ffdb70.img
http://im.ft-static.com/content/images/c889d60f-aa95-48b9-96de-6c3f46ffdb70.img
http://images.sciencedaily.com/2014/02/140209152454-large.jpg
http://images.sciencedaily.com/2014/02/140209152454-large.jpg


Page 2 of 39 
 

  

 

Linear and Nonlinear laws 

The same NASA GISS global average temperature data has also been 

analyzed using the nonlinear power law model. This is being submitted for 

publication in Nature Climate Change, see reference list. 

However the “physics” is actually easier to understand using the simpler 

linear law. Nonlinear laws are intellectually appealing and are more likely to 

be accepted as opposed to linear laws, often dismissed as being too simplistic. 

In this, and other related articles (touching on the general theme of a New 

Physics of Global Warming, based on deducing simple mathematical laws 

that describe the observational data) I have attempted to make a case for a 

generalization of the idea of a work function, conceived by Einstein, in 1905, 

to explain photoelectricity. This simple model, extended to climate science, is 

so much easier to understand. Both the linear and nonlinear law lead to the 

same conclusion regarding the current debate on the global warming hiatus 

in the 21st century.  

These ideas can be critically tested with temperature observations in 

the coming years, through 2012, and then through 2050 and beyond.   

The discovery of a finite, though unimaginably high, speed of light, by Ole 

Roemer, was possible only because of a physical model, not due to a 

statistical analysis of the periods of Io, the innermost moon of Jupiter. 

http://www.ccmr.cornell.edu/education/ask/?quid=978 Likewise, the 

discovery of an expanding Universe, by Hubble, following a simple linear law 

V = H0D, was due to a careful analysis of the experimental observations of V, 

the speed of the galaxy and its distance D from the earth-based observer. 

http://www.ccmr.cornell.edu/education/ask/?quid=978
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§1. Abstract 
 

 

Millikan received the Nobel Prize in Physics, 1923, for his determination of 

two universal constants of nature, the elementary electrical charge q on a 

single electron from his oil drop experiments, and the Planck constant h from 

his photoelectric measurements. However, it has not been generally 

appreciated that Millikan did not use statistical methods to determine either q 

or h, not even linear regression analysis to determine the slope of his (x, y) 

graph for lithium and sodium, to determine Planck constant.  

 

Millikan’s methods are now applied to the global average temperature data 

(from the NASA GISS observations) for the 21st century to show that, unlike 

the application of statistical methods, the data for just the years 2001-2013 

also reveals unmistakable evidence of a general warming of the globe, at 

nearly the same fixed rate as was observed during the entire period from 

1880-2013. Hence, attention of all climate scientists must be called to this 

important finding, within the context of the current debate on the reasons for 

the perceived stalling of global warming trends. Misinterpretation of the 

temperature data will obviously lead to misleading analysis via sophisticated 

computer climate models and the analysis presented here merits the attention 

of climate scientists on both, or all, sides of this debate.  

 

 

_____________________________________________________________ 
 

Email address: vlaxmanan@hotmail.com . The author has recently created a Facebook group called 

Global Warming for the Layman; see https://www.facebook.com/groups/GWforlayman/, on January 

5, 2014, aimed at discussing global warming data in an easy-to-understand manner, with short posts. 

He is a retired research professional, with advanced degrees in Mechanical Engineering and Materials 

Science and Engineering who has spent his entire professional career in leading US research 

institutions,  in academia ( MIT and CWRU), in government (NASA), and in corporate research labs 

(Allied Chemical Corporate R & D, now part of Honeywell, and the General Motors Research Labs). He 

has also published many widely cited scientific articles in leading peer-reviewed international journals 

in both physics and the materials sciences. 

  

mailto:vlaxmanan@hotmail.com
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§ 2. Introduction 
 

A brief analysis of the NASA GISS (Goddard Institute of Space Studies) global 

average temperature data was presented recently, arising from some 

comments posted by the present author at Bloomberg News [1]. An analysis of 

the National Climate Data Center (NCDC) global average temperature data has 

also been presented in other recent articles [2, 3].   

The analysis in [1] was prompted by the discussions of a recent paper by 

England et al [4], published in Nature Climate Change, which has received a lot 

of attention [5-7]. The analysis of the NCDC data, from 1880-2013, was NOT 

prompted in anyway by the England et al paper but does serve to put their 

findings of a general stalling in the global warming (due to strong Pacific trade 

winds in the last 15 plus years) in perspective, as already discussed in [2,3]. It 

should also be noted that evidence for a general cooling of the globe, based on 

sophisticated climate modeling, has also been presented by Easterbrook [8, 9].  

The main purpose here is to discuss the NASA GISS data within this context. 

Can we learn anything at all by a careful analysis, or re-analysis, of the 

empirical observations, although literally thousands of eminent researchers 

have looked at the data and the trends over the last several decades? As we 

will see shortly, it appears that we can indeed learn something new, if we are 

willing to give up current penchant for the use of statistical methods when 

confronted with large volumes of (x, y) observations on many complex 

systems of interest to us in the modern world.       

§3. The NASA GISS data for 1880-2013 

The actual numerical values for the global average temperature T are slightly 

different in the NCDC and the NASA GISS datasets (click here). As noted in the 

footnotes to the NASA GISS tables the base period used to determine the 

reported temperature anomalies in 1951-1980 and the best estimate for the 

global average temperature for this period TB = 14 °C. (see 

http://data.giss.nasa.gov/gistemp/tabledata_v3/GLB.Ts.txt). The temperature 

http://data.giss.nasa.gov/gistemp/tabledata_v3/GLB.Ts.txt
http://data.giss.nasa.gov/gistemp/tabledata_v3/GLB.Ts.txt
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anomalies are given for each month, going back to 1880, after multiplying by 

100. The following is an extract for the 21st century.  

 
 

Table 1: Extract for the 21st century data (2001-2013) from the NASA GISS dataset 
Year Avg. 

temp, T 
TB TA J-D Jan Feb Mar April May June July Aug Sep Oct Nov Dec 

2013 14.82 14 81.92 82 98 75 87 66 70 88 67 77 101 85 91 78 

2012 14.76 14 76.33 76 63 56 71 79 93 71 57 86 85 94 91 70 

2011 14.78 14 78.08 78 73 67 78 83 65 73 91 95 78 82 74 78 

2010 14.93 14 92.92 93 95 106 113 100 98 88 74 83 88 96 103 71 

2009 14.79 14 79.00 79 76 77 67 76 80 82 85 86 92 72 84 71 

2008 14.65 14 64.83 65 49 45 89 65 57 51 71 40 81 74 81 75 

2007 14.86 14 85.67 86 124 92 91 94 93 65 79 87 83 80 70 70 

2006 14.78 14 77.67 78 77 92 82 68 52 77 67 81 72 85 87 92 

2005 14.88 14 88.33 88 98 89 95 85 76 82 80 75 98 101 91 90 

2004 14.69 14 69.17 69 72 92 87 76 50 65 27 60 61 83 89 68 

2003 14.78 14 78.25 78 92 75 73 69 87 65 66 88 83 89 66 86 

2002 14.80 14 79.67 80 95 91 114 81 86 65 83 69 83 65 70 54 

2001 14.69 14 68.50 68 59 64 70 63 75 66 71 66 71 61 84 72 

      

 

The table value of 98 for January 2013 means a temperature anomaly TA = 

0.98 °C. The column J-D gives the average value for such anomalies, as 

reported by NASA GISS, for each month of the year. The column headed TA, is 

the computation of the 12 month average to two decimal places, mainly to 

confirm agreement with the table values. Thus, the actual global average 

temperature T for 2013 is given by:  

 

T = TA + TB          ……..(1)  

 

Hence the global average temperature was 14.98 °C in January 2013. The 

global average value for all of 2013 is T = 14.82 °C and is listed in the second 

column, following the year. Thus, we can arrive at the T values for all years of 

the 21st century (and for each month of the year) and for all the years going 

back to 1880 in the NASA GISS dataset. 
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Figure 1: The NASA GISS global average temperature T data for 1880-2013. The 

temperature anomalies (TA) were converted to actual temperatures T using the 

equation T = TA + TB where TB is the average temperature for the base period, 

taken as 14 °C. An overall increase in the global average temperatures, which 

continues into the 21st century, is clearly observed.  

 

A graphical representation of the global average temperature-time data is 

presented in Figure 1. It should be noted that climate scientists have generally 

considered only the temperature anomalies, rather than the actual global 

average temperature T. However, law of physics and chemistry (especially the 

laws governing heat transfer processes, the Stefan-Boltzmann law, the Planck 

radiation law) and the laws of thermodynamics are all based on the actual 

temperature T. The significance of the re-analysis being presented here in 

terms of T, rather than TA, has also been discussed in more detail in other 

articles (not yet published [10-32], listed in the order in which they were 

written, some are posted on the Internet) and will also become obvious from 

what follows here. Brief summaries of this unpublished work are also 

available on the author’s Facebook page (under the group Global Warming for 

the Layman [13]), at www.scribd.com [10-12] and also at Wordpress.com [28-

32]. The present article is a stand-alone article.   
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Figure 2: A simple liner model, of the type y = ax +b is considered here to 

quantify the global average temperature trend from 1880-2013.  

 

 

 
 

 

Figure 3: A nonlinear model, of the type y = ax2 +bx + c is considered here to 

quantify the global average temperature trend from 1880-2013.  

y = 0.0089x - 3.2438 
R² = 0.8085 
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§ 4. Linear and Nonlinear statistical analysis 
 

Classical statistical methods can be used to analyze large masses of data such 

as the T-t data for the earth. Similar, very large volumes of data, for profits, 

revenues, profit margins, share price, earning per share, etc., for 500 

companies (Fortune 500, Forbes 500, S&P 500), or 1000 companies, are being 

compiled on a daily, weekly, monthly, quarterly, and annual basis. Likewise 

huge volumes of economic and other data are being compiled to understand 

the behavior of many complex systems in the modern world; see discussion at 

[14, 15].  The 134 data points, for the annual global average temperatures, 

dwarfs in comparison. Thus, the data analysis methodology to be described 

here has applications well beyond just the analysis of climate science 

temperature-time data.   

 

As we see from Figure 1, a general upward trend in the temperature data is 

observed if we consider the entire dataset for the period 1880-2013. Hence, 

the whole discussion of the stalling of, or hiatus in, global warming, or even a 

global cooling trend, seems perplexing, as also noted by leading climate 

scientists; see Trenberth [33, 34] and Hansen [35, 36].    

 

In order to quantify the observed trend, mathematically, we can go a step 

further and perform a simple linear regression analysis. Modern computer 

programs, such as Microsoft Excel permit such an analysis within a matter of 

minutes, if not seconds, of the preparation of a (x, y) graph after data inputs.  

The mathematical trendlines illustrated in Figures 2 and 3 were thus 

generated automatically by the Microsoft Excel program by simply clicking on 

“add trendline” and then choosing various options such as linear, polynomial, 

power, logarithmic, etc. The linear and the nonlinear (polynomial, or what 

amounts to a parabolic law) are illustrated here. It is of interest to note that 

the regression coefficients (the r2 values) are quite high. For a perfect positive 

correlation, when all points will collapse on to the straight line, or the 

parabolic curve, r2 = +1.000. The observed r2 values therefore illustrate a 

strong statistical correlation for both models. 18 °C in 2013, 18 °C in 2013, 
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Which model should we pick, the linear or the nonlinear? Extrapolations 

based on the linear model will lead to much lower values of the global average 

temperatures in the near future, say through 2020, or even the middle of the 

21st century. The nonlinear, or parabolic, law will lead to much higher 

predictions for the future. How do we justify one law over the other?  

 

The reader is referred to an interesting discussion on the Ockham’s razor 

principle and the mathematical law of falling bodies, arrived at by Galileo by 

analyzing empirical observations. As discussed by Jefferys and Berger [37], 

the quadratic law, s = s0 + ut + ½ at2, mathematically akin to the nonlinear law 

of Figure 3, happens to be the simplest of all mathematical laws that could be 

used to describe the experimental observations on falling bodies. Galileo could 

have used a cubic law, or a higher order polynomials to fit ever single data 

point, but he chose the simplest law that was consistent with the 

observations; click here, to read the full paper, or see the link   

http://www.jstor.org/discover/10.2307/29774559?uid=2129&uid=2&uid=7

0&uid=4&sid=21103507673293. Likewise, we must pick the simplest law to 

describe the T-t data. The linear law therefore recommends itself. (The 

nonlinear law will be reconsidered later; see Appendix). 

 

However, even this somewhat philosophical argument does NOT provide any 

real physical insights into the problem that we are analyzing. For example, the 

least squares method of Legendre and Gauss [38-44], used to deduce the 

constants in the linear law, forces the straight line to pass through the point 

(xm, ym), the mean values of x and y in the dataset. As more (x, y) pairs are 

added or subtracted from the dataset, the mean value will change which 

means different values for the intercept b in the law y = ax +b. Also, the slope 

“a” of the straight line, which is determined using the principle of minimizing 

the sum of the square of the vertical deviations of each point from the 

regression, or best-fit line, i.e., we make S = ∑ (y – yb)2 a minimum. Here yb is 

the value predicted by the linear regression analysis, for a given x. As 

explained nicely by Legendre, in the introduction to his famous 1805 paper 

[38], this method of rendering S a minimum (hence called the least squares 

method) minimizes the influence of extreme values in the dataset. The slope 

http://www.jstor.org/discover/10.2307/29774559?uid=2129&uid=2&uid=70&uid=4&sid=21103507673293
http://www.jstor.org/discover/10.2307/29774559?uid=2129&uid=2&uid=70&uid=4&sid=21103507673293
http://www.jstor.org/discover/10.2307/29774559?uid=2129&uid=2&uid=70&uid=4&sid=21103507673293
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“a” will depend on the number of data points used. Once the slope “a” is 

determined the intercept is fixed automatically since b =(ym - axm).  

 

In other words, such purely statistical or mathematical arguments, rather than 

physical arguments, will affect all our future predictions about the global 

average temperatures. This is also obvious if we examine the T-t graph of 

Figure 1. The actual rate of increase of the global average temperature 

dT/dt, the slope of the graph, is significantly higher than is being 

suggested by the linear regression analysis, Figure 2, or even the 

nonlinear analysis, Figure 3.  The situation gets murkier if we consider only 

the data for the 21st century, which is plotted in Figure 4. 

 

 

  
 

 

Figure 4: The NASA GISS global average temperature-time data for the 21st 

century, compiled in Table 1, is plotted here. The box gives the linear regression 

equation given by the Microsoft Excel program. The intercept value should be 

3.345 since (xm , ym) = (2007, 14.785) for this dataset with slope B = 0.0057. The 

discrepancy may be related to additional decimal places arising in TA values of 

Table 1.  
.  

y = 0.0057x + 3.4358 
R² = 0.0777 
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There is no real trend, only a general scatter. However, if we insist, linear 

regression analysis now yields a very small positive slope and the r2 value has 

also decreased to a very small value implying no statistically significant 

correlation. In other words, global warming has all but stalled in the 21st 

century. This is a legitimate argument based on the 13 years of data 

considered in Figure 4.  One has to appeal to data going back to earlier years, 

say as far back as 1970, as discussed by Ternberth [33] to assert that global 

warming trends have continued “relentlessly” into the 21st century. This is 

obvious from Figures 1 to 3 here but the critics want to focus on Figure 4.   

 

The situation with the global average temperature data obtained from the 

National Climate Data Center (NCDC) also illustrates this 21st century 

conundrum. The data has been compiled in Table 2 with the NASA GISS values 

for comparison purposes. There are obviously some important differences in 

addition to the base period average value, taken as TB = 13.9 °C, the global 

average value for the 20th century (1901-2000) used by NCDC.   

 

 

 
 

Figure 5: The NCDC global average temperature-time data for the 21st 

century, compiled in Table 2, is plotted here. The box gives the linear regression 

equation given by the Microsoft Excel program.  

y = -0.0004x + 15.372 
R² = 0.0015 
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Table 2: Global Average Temperature data (2000-2013) 
Year NASA GISS, T [°C] NCDC NOAA, T [°C] 
2000 14.57 14.33 
2001 14.69 14.45 
2002 14.80 14.51 
2003 14.78 14.52 
2004 14.69 14.47 
2005 14.88 14.55 
2006 14.78 14.5 
2007 14.86 14.49 
2008 14.65 14.41 
2009 14.79 14.49 
2010 14.93 14.56 
2011 14.78 14.43 
2012 14.76 14.47 
2013 14.82 14.52 

The NCDC data was obtained from various Global Analysis reports provided at 

their website. Example, from the annual 2013 report, “The annual global 

combined land and ocean surface temperature was 0.62°C (1.12°F) above the 

20th century average of 13.9°C (57.0°F). This marks the 37th consecutive year 

(since 1976) that the yearly global temperature was above average.” 

http://www.ncdc.noaa.gov/sotc/global/2013/13  

 

 

  
 

y = 0.0042x + 6.0116 
R² = 0.0862 

y = 0.0105x - 6.3093 
R² = 0.2142 
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As seen from Figure 5, a linear regression analysis, using the NCDC data, yields 

a small negative slope or a slight cooling trend, as opposed to a warming 

trend. However, including just one additional data point, the NCDC value for 

2000, changes the regression equation to y = 0.0042x + 6.0116, with a small 

positive slope, rather than  negative one. 

 

Is there a warming trend or a cooling trend in the 21st century?   

  

With some reflection, it becomes obvious that a brute-force application of 

statistical methods is at the root of the current global warming (or its hiatus) 

conundrum. Reasonable scientists cannot agree on what the global average 

temperature data means. The attempts to understand these non-warming 

trends, based on various climate models, and the assertions of the so-called 

“warmists”, or the global warming “alarmists”, based on their climate models 

are met with skepticism and/or ridicule, as we see from the discussions 

prompted by the England et al article, which was aimed at explaining the 

stalling but ended with a grim warning about a renewed rise in the global 

average temperatures when the Pacific trade winds abate in the near future.  

 

Indeed, a similar analysis of the monthly average temperature data for the 

United Kingdom (UK) reveals a slight cooling trend in 2013. This may be seen 

from the data presented by the UK Metro Office, which has also been 

discussed in [45]. With the UK data, the changes in the base temperature TB 

affect the conclusions. Three different base periods, 1981-2010, 1971-2000 

and 1961-1990 have been used for the UK data and a cooling trend is 

predicted with the most recent base period (T = 8.8 °C, TA = -0.1°C) but a 

warming trend with the earlier ones (T = 8.8 °C, TA = 0.4°C), see regional 

values, Annual 2013 (copied text, “The  UK mean temperature of 8.8 °C was 0.1 °C below the 

1981-2010 average.” see http://www.metoffice.gov.uk/climate/uk/summaries/2013/annual and 

also http://www.metoffice.gov.uk/climate/uk/summaries/2013/annual/regional-values).   
 

A case can therefore be made for a new approach to mathematical analysis of 

the data, to be presented next, which avoids such statistical arguments 

entirely.  

http://www.metoffice.gov.uk/climate/uk/summaries/2013/annual
http://www.metoffice.gov.uk/climate/uk/summaries/2013/annual/regional-values
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§ 5. The Millikan method of determining slopes 
 

As also discussed in the other articles cited [2, 3], the method to be described 

now was used by Robert Millikan to arrive at the numerical values of the two 

universal constants q and h from his Nobel Prize winning experiments [46]. In 

his 1916 papers [47, 48], where he reports his photoelectric measurements 

on lithium and sodium, Millikan considers a few (x, y) pairs on his graph for 

lithium to determine the slope h of the graph.  

 

   
Figure 6: The image of Millikan’s (x, y) graph with sodium (six points) obtained from 

his Nobel lecture. Without getting into the details of what is being plotted here, or how 

(x, y) values are measured, it is sufficient to note the remarkable linearity observed 

and the method of determining the slope from the (x, y) pairs, see 

http://www.nobelprize.org/nobel_prizes/physics/laureates/1923/millikan-

lecture.pdf  In Millikan’s notation PD = V0 and e = q, the electronic charge, and ν = f.        

 

Five (x, y) measurements were reported with lithium and six with sodium, see 

Figure 6. Hence, theoretically speaking one could calculate 10 different values 

http://www.nobelprize.org/nobel_prizes/physics/laureates/1923/millikan-lecture.pdf
http://www.nobelprize.org/nobel_prizes/physics/laureates/1923/millikan-lecture.pdf
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for the slope with the lithium data. The slope h is the universal constant called 

the Planck constant.  Millikan considers a few (x, y) pairs for lithium to 

determine the slope. With the six (x, y) pairs for sodium and a total of 15 

slopes could be computed. However, Millikan does not go through an 

exhaustive determination of all these 35 slopes. He considers a few (x, y) pairs 

with lithium and a few with sodium (perhaps, representing his best 

measurements, some experiments are more perfect than others as anyone 

who has performed scientific experiments can appreciate) and then takes the 

average value to arrive at the numerical value for the Planck constant h.  

 

Indeed, in the first of his two 1916 papers [47], Millikan deduces the Planck 

constant h from exactly two (x, y) pairs for lithium. Statistical methods were 

NOT used by Millikan, not even the least squares method, to compute the 

slopes; see notes added to [48].   

 

It is also of interest to note that Millikan determines q, the absolute magnitude 

of the electrical charge on a single electron, using exactly the same method 

[49, 50]. He considers several (x, y) pairs on his V-Q graph for his famous oil 

drop experiments. Here V is the velocity with which a single oil drop is seen to 

move either up or down (under the combined action of the earth’s gravity 

field and the externally applied electric field) and Q = Nq is the total electrical 

charge on the drop with N being the number of electrons (a whole number) 

attached to the oil drop.   

 

The change in V is associated with a change in Q, or N, which is always a whole 

number. By considering various (x, y) pairs in his graphs (for more than a 

hundred drops), Millikan shows that a single value of q explains all his 

observations with more than one hundred drops; see a recent discussion of 

Millikan’s experiments by Goodstein [51].  No statistical methods were used to 

determine q, the charge on a single electron. A simple average value of q is 

computed from all the experiments: 58 best of 75 were reported.  
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§ 6. Millikan’s method applied to NASA GISS data 
    

A sharp rise in the temperature, much higher than determined from linear 

regression analysis, is evident if we consider the data for the most recent 

years, as opposed to the (T, t) for the late 19th century or the mid-20th century. 

Four different scenarios analyzing this are considered Figures 7 to 10.   

 

The global average temperature for the base period (1951-1980) in the NASA 

GISS dataset is TB = 14 °C. Consider therefore the rise in the average 

temperatures to this value from the late 19th century. The global average 

temperature increased above TB, for the first time, in 1937 but kept 

fluctuating up and down for four decades, until 1977, when it finally climbed 

from 13.86° C in 1976 to 14.21 °C and then started rising rapidly afterwards  

 

 
 

Figure 7: Comparison of the 21st century data with the historical trend in rising 

global average temperature values.  

 

With reference to Figure 7, line I, T = A + Bt = 0.0078t – 1.25 joins the points 

(1890, 13.45) and (1962, 14.01). The slope B is higher than given by the linear 
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regression analysis. Many data points going all the way back to (1884, 13.45) 

to (1992, 14.23) fall on or close to this line. All of the 21st century data falls 

above the line and also shows a higher warming rate. However, we also see an 

almost perfect parallel II, joining (1981, 14.43) and (2008, 14.65), with the 

equation T = 0.0081t – 1.71. While the slope B is roughly the same, the 

nonzero intercept A has become more negative.  

 

With reference to Figure 8, we consider the same historical data relative to the 

more recent period and the (x, y) pairs (1994, 14.38) and (2007, 14.86). The 

temperature increased by ∆T = 0.48 °C in the time ∆t = 13 years. Hence, the 

slope of the graph B = ∆T/∆t = 0.0369 °C per year or 0.369 °C per decade or 

3.69 °C per century if this trend continues. The equation of the line joining 

these two points is T = A + Bt = 0.0369t – 59.245 = 0.0369 (t – 1604.5) = 

0.0369 (t – t0), see solid line labeled I in Figure 8.  

 

   
 

 

Figure 8: Comparison of the historical trend in the global average temperature 

data relative to a recent 13-year period, from 1994 to 2007.  
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Again, the nonzero intercept A = -59.245 has become more negative. This 

means the graph will cut the time axis at t = t0 = 1604.5 if extrapolated all the 

way back to T = 0° C. This is not shown in Figure 8 where the T-axis starts at 

13.2 °C. (When T = 13.2, it can be shown that t = 1962, the year the graph is 

seen to cut the horizontal axis.)   

 

The recent high warming rate is thus equivalent to the earth heating up from 

0°C in June of the year 1604. However, as we see the backward extrapolation 

is invalid and the data starts deviating from line I. A much lower warming rate 

was clearly observed at earlier periods, as just discussed.   

 

   

 
 

Figure 9: Three straight lines with a steep positive slope (steeper than suggested 

by linear regression analysis) are imposed on the T-t plot. A different (x, y) pair 

is used for Line I, the pairs (1992, 14.23) and (2010, 14.93) and has the equation 

T = 0.0389t – 63.24. The year 2010 had the highest recorded temperature and 

1992 is a local minimum. Notice the movement along the horizontal between 

1973 and 1992. Line II, T = 0.0406t – 65.975, joins (1964, 13.74) and (1981, 

14.43). Line III, T = 0.0354t – 53.41, joins (1887, 1.36) and (1900, 13.82). The 
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slopes B are virtually identical making these three virtual parallels on the T-t 

graph, akin to the parallels for photoelectricity. Other periods of horizontal 

movement of the data are also obvious.    

 

Nonetheless, a careful examination of the (T, t) data for earlier years reveals 

the existence of virtually the same warming rate. This is illustrated in Figure 9, 

where three new almost perfect parallels lines are shown to describe the 

trend, at least for brief periods in the earlier years. The year 2010 was the 

warmest on record and the average rate for the 13-year period 1992 to 2010 

is indicated by the solid Line I. The same rate is observed between 1964-1981, 

in the second half of the 20th century and also between 1887-1900, the closing 

years of the 20th century. A shallower rate was also observed as the global 

average temperature rise to the base-period temperature of 14°C.  

 

 

  
 

 

Figure 10: A family of five parallels, T = A + Bt, can we seen to sweep through the 

global average temperature-time plot for the years 1880-2013 (NASA GISS 

data). Line I, T = 0.0369t – 59.245 = 0.0369 (t – 1604.5), joins (x, y) pairs for 
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1994 and 2007. Line II, T = 0.0375t – 59.858, joins 1965 to 1981. Line III, T = 

0.0375t – 58.76 joins 1933 to 1941. Line IV, T = 0.037t – 56.48 joins 1890 to 

1900. Line V, T = 0.0367t – 55.3, joins 1880 to 1883.  

 

Finally, with reference to Figure 10, a careful examination of the data for the 

earlier years reveals nearly the same high slope of B = 0.0375 °C/year (as in 

Figures 8 and 9) if we consider the (x, y) pairs for 1965 and 1981. The global 

average temperature went up by ΔT = 0.6 °C, from 13.83 °C to 14.43 °C, over 

the period of Δt = (1981 – 1965) = 15 years, The dashed line labeled II in 

Figure 6 joins these two point, T = 0.0375t – 59.858 = 0.0375 (t – 1596. 2). 

 

A third parallel is likewise revealed if we consider the eight year period from 

1933 to 1941. The global average temperature went up by ΔT = 0.3 °C, from 

13.73 °C to 14.03 °C, for the EXACT same warming rate B = dT/dt = 0.0375. 

This is indicated by the parallel labeled III, T = 0.0375t – 58.758.  

 

And, continuing to an earlier period, we find the parallel labeled IV, with the 

equation T = 0.037t – 56.48 joining the data for 1890 to 1900. And, there is yet 

another parallel labeled V which joins the data for 1880 to 1883 with T = 

0.0367t – 55.3.  

 

In addition to the above, other (x, y) pairs can also be identified which yield 

very similar values of the slope B. These are listed below.  

 

From 1907 to 1912: ∆T = 0.18 °C and slope B = 0.036 °C /year. 

From 1887 to 1900: ∆T = 0.46 °C and slope B = 0.0353 °C /year. 

From 1976 to 2010: ∆T = 1.12 °C and slope B = 0.0329 °C /year. 

 

The five parallels cut the horizontal at T = 13.2 °C, the lowest temperature on 

this graph, at different times t since the nonzero intercept A has become more 

and more negative with the passage of time. This also means that the actual 

global average temperature T observed now in the 21st century is significantly 

lower than it would have been if the climate system were operating along the 
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parallels for the earlier period, with the temperature increasing at the same 

fixed rate as we see now in the 21st century.  

 

For example, the global average temperature T in 2013 would have risen 

to 18.51 °C along parallel V and to 18.0 °C along parallel IV, or to 16.73 °C 

along parallel III, or to 15.73 °C along parallel II, established between 

1965 to 1981, i.e., a little over 30 years ago. Indeed, the 2013 global 

average temperature of 14.83 °C is already lower than 15.08 °C 

predicted if the temperature had continued to rise along parallel I (the 

solid line) for the most recent years.  

 

Finally, attention is also called to the discussion in the Appendix, where 

the family of four parallels has a significantly smaller slope (deduced 

from the NCDC data) is illustrated.    

 

§ 7. Discussion 
 

The 21st century NASA GISS global average temperature data is reconsidered 

in Figures 11 and 12, based on the analysis of the historical 1880-2013 data. A 

closer look at the T-t graph of Figure 4 reveals points lining up along several 

upward sloping straight lines with a significantly steeper slope. Herein lies the 

physics of global warming. The solid line Figure 11 joins the (x, y) pairs for 

2004 and 2010 and has the equation T = 0.0396t – 64.633. The slope B = 

0.0396 is consistent with the slope of the five parallels deduced by 

considering all of the historical data. There is no justification for ignoring this 

high warming rate, in favor of the low rate suggested by statistical arguments.  

   

It is also clear that at least four more positive slopes can be determined. 

Consider the (x, y) pairs (2001, 14.69) and (2005, 14.88). The slope B = 

0.0496 and for (2013, 14.82) and (2007, 14.86) the slope B = 0.0342. For the 

pairs (2008, 14.65) and (2011, 14.78) B = 0.0442 and for (2012, 14.76) and 

(2013, 14,86) B = 0.0558. The average of these five slopes is B = 0.0447 °C per 

year, which is actually slightly higher than the slopes for the five parallels 

deduced from all of the historical data from 1880-2013; see also Figure 12.  
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The misleading nature of the statistical method is obvious now when one 

considers the “physics” inherent in this global average temperature data. This 

is the root cause of the problem and the current controversies and, perhaps, 

also the different climate model scenarios that are being laid out to explain the 

stalling or the pause, or the hiatus, may itself be cause for a pause and 

reconsideration by all parties on many sides of this great climate science 

debate. A few references have been cited here. 

 

 

 
 

 

Figure 11: Re-analysis of the 21st century NASA GISS global average temperature 

data using the Millikan method as opposed to the classical statistical method 

presented earlier in Figure 4. The solid line here joins the (x,, y) pairs (2004, 

14.69) and (2010, 14.93) and has a slope B = 0.0396 which is consistent with the 

slopes of the five parallels of Figure 10.  

 

Nonetheless, the present analysis is NOT to be viewed as any kind of a polemic 

against statistics, or the application of the least squares method. Legendre’s 

method, published in 1805 with a simple worked example, became highly 

popular and the standard method of analysis in many fields within a couple of 
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decades, as noted by historians of statistics [39, 40]. The successful 

application of the least squares method by Gauss [41-44] to predict the future 

position of the asteroid Ceres, which went missing (behind the glare of the 

sun, after its momentous discovery on New Year’s day, 1801), are well known. 

However, Gauss’ success was not entirely a triumph of statistics. Kepler’s laws 

for planetary orbits were well-known by that time. It was the judicious 

combination of both physics and statistics that led to the dramatic success of 

Gauss, not just brute-force, or the blind, application of statistical methods.  

 

 

 
 

 

Figure 12: Re-analysis of the 21st century NASA GISS global average temperature 

data using the Millikan method. The solid line I, with T = 0.0475t – 80.36.  joins 

the (x,, y) pairs (2001, 14.69) and (2005, 14.88). The dashed line II, T = 0.045t – 

75.49, joins (2004, 14.69) and (2006, 14,78) and the dashed line III, T = 0.043t – 

72.36, joins (2008, 14.65) and (2011, 14.78). The slopes B = 0.0475, 0.045, 0,043 

are roughly the same suggesting again a movement of the temperature data 

along a family of parallel lines akin to the parallels revealed for the full dataset.  

 

Finally, the nonzero intercept A, the significance of which is now plainly 

obvious, can be compared to the photoelectric work function conceived by 
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Einstein [52-54], in 1905. In this paper, Einstein first shows (by considering a 

property called the entropy of light radiation) that a fixed volume of light can 

be thought of as being made up of discrete particles, each having the 

elementary energy quantum E = hf, conceived by Plank in his 1900 paper on 

blackbody radiation. Here f is the frequency of the light (wave).  

 

Hence, when light shines on the surface of a metal, one can imagine a stream 

of photons with the energy E = hf striking the metal surface. However, the 

maximum kinetic energy of the electron produced by a photon K = E – W = 

hf – W = h(f – f0), will be less than E because of the work that must be done to 

overcome the complex forces that bind the electron to the metal. Hence, as 

Millikan puts it in his Nobel lecture, W represents the energy that must be 

given up to bring the electron out of the metal. The maximum kinetic energy K 

= V0q where V0 is the stopping potential measured by Millikan in his 

photoelectric experiments.  

 

 
Figure 13: Image of Figure 3 from Millikan’s Nobel lecture illustrating the 

photocurrent plots at each wavelength λ (frequency f = wavelength/speed of light). 

 

(A collector cup surrounds the metal that is being irradiated by light of 

various frequencies. The electrons produced by light reach the collector and 
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flow in an external circuit to produce the photoelectric current. By making the 

collector more and more negative, the electrons can be repelled and the 

photocurrent reduced to zero. Thus, Millikan says that his careful 

measurements of V0 give the maximum K; see the six photocurrent plots in 

Figure 3, for the six frequencies studied with sodium, accompanying the V0-f 

graph in Figure 4 of his Nobel lecture. Other researchers had failed to measure 

the maximum K accurately and thus failed to test Einstein’s equation; see 

discussion in the first 196 paper [47].)  

 

Likewise, when the sun rises each morning and starts shining on the surface of 

the earth, the solar energy (or solar flux, or forcing, measured in Watts per 

square meter, see IPCC Reports for the graphic on the energy balance [56]) 

received starts raising the temperature of the earth. However, not all of the 

incoming solar energy goes to raising the earth’s temperature. Some must be 

given up, as in the photon-electron interaction.  

 

Nonetheless, the constant rate of increase of the temperature revealed here is 

reminiscent of the well-known law of thermal physics, ∆Q = C∆T where ∆T is 

the change in the temperature of a body, with the thermal, or heat, capacity C, 

in response to the energy input ∆Q. Thus, dQ/dt = C(dT/dt) and the constant 

rate of warming, or heating, of the earth revealed by the present analysis 

implies the existence of a property akin to the thermal, or heat, capacity of a 

simple substance, like water, or air, or various solid bodies and their response 

to heat energy inputs.    

 

Also, as seen here, the cut-off time t = t0 (like the photoelectric cut-off 

frequency f0) at which the global average temperature T would drop to 0 °C 

has been increasing. This means reduced global average temperatures today 

compared to the levels established at the earlier periods with the same fixed 

slope B, without a change in the work function or the nonzero intercept A. The 

global average temperature would have increased to 18.51 °C in 2013, if the  

earth’s climate system had continued to operate along parallel V. Or, it would 

have increased to 15.63 °C in 2013 along parallel II, or to 15.1 °C in 2013, if it 

had operated along the most recent parallel I. Thus, understanding the nature 
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of the earth’s work function, via climate models, would provide new insights 

into the behavior of the earth’s climate system. Indeed, climate models must 

be able to explain the simple behavior deduced here from a straightforward 

mathematical analysis of the empirical observations. 

 

§ 8. Summary and Conclusions 
 

It has been shown here, using the methods used by Millikan to arrive at the 

values for two fundamental constants of nature, that:  

 

1. Global average temperatures have been increasing in the 21st century at 

roughly the same fixed rate that was observed in the late 19th century, 

or the mid-20th century or in the closing decades of the 20th century. It is 

important to note that just the 21st century data, without appealing to 

data for earlier years, reveals this warming trend. Hence, the current 

controversies surrounding the perceived hiatus, or the pause, in global 

warming trends observed in the 20th century, must be reconsidered.  

2. Climate models must also be revisited to understand the deeper 

significance of the linear law T = A + Bt describing the global average 

temperature-time relation. The constancy of the rate B seems to imply a 

property akin to the heat, or thermal, capacity C of a simple substance 

while the nonzero A appears to be akin to the photoelectric work 

function of Einstein. The photoelectric law is the only law of nature 

where empirical observations follow a system of parallel lines as we see 

here now with the global average temperature-time data.  

3. As with the photoelectric measurements, only the choice of the 

maximum slope observed (or close to the maximum, with many data 

points lying either on or on to the top of the line) will yield consistent 

results and useful and testable predictions for future temperatures. For 

example, it could be safely concluded that the global average 

temperatures for the next few years (through 2020) or even through the 

mid-21st century (2050) will follow the parallels identified and fluctuate 

between them; see also notes attached to Figure 14 in the appendix.  
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4. The fundamental significance of the movement of the temperature data 

along almost perfect parallel lines, with a fixed slope, for the all the 

years for which reliable temperature records are available (1880-2013) 

suggests the existence of a property akin to: 

  

a) the heat, or thermal, capacity C, and  

b) the photoelectric work function of Einstein.   

 

A horizontal movement of the temperature data, for example, over 

nearly four decades, from 1937 to 1977, when it was fluctuating above 

and below the current base value of 14 °C in the NASA GISS dataset, is 

the clearest indication of the existence of such a work function, which 

can be fully understood by studying various climate models. Other 

periods of horizontal movement are also obvious when we examine the 

data; see also remarks by Trenberth [33]. Alternate cycles of cooling and 

warming have been described by Easterbrook [8] in a recent discussion 

of the cause for the pause in global warming.   

 

 

APPENDIX: FURTHER SUPPORT FOR MOVEMENT OF THE 

TEMPERATURE DATA ALONG PARALLELS 
 

In the NCDC dataset, the values of T are slightly different, see Table 2. Thus, 

according to NCDC, for 2012 T = 14.47 (lower than NASA GISS) and, for 1976 

T = 13.82 (slightly higher than for NASA GISS, T = 13.81). Thus, we deduce the 

slope B = 0.0181 from the NCDC data. This is almost one-half of the slope B = 

0.0369 used in Figure 10. We will now use this lower slope with the T-t plot 

prepared using the NASA GISS data. Four exact parallels with B = 0.0181 are 

thus added to the NASA GISS T-t, replacing Figure 10.  

 

Line I, T = 0.0818t – 21.65 passes through 1965 data point but many other 

points from the second half of the 20th century fall on or close to this line. This 
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line also sets the lower bound for the data with all of the 21st century data 

falling above line I.  

 

For line II, T = 0.0181t – 21.36. This passes through the 2010 point, with the 

highest recorded temperature. The 21st century falls between these two 

parallels with other (x, y) pairs from the 20th century falling close to it.  

       

 
 

 

Figure 14: A family of four EXACT parallels, T = A + Bt, with B = 0.0181 °C per 

year, is imposed on to the global average temperature-time plot for the years 

1880-2013 (NASA GISS data). This linear model can be critically tested with 

global average temperature observations made over the next several 

years – through 2020 and then to 2050, for example. The same movement 

along the parallels will be observed.   

 

For line III, T = 0.0181t – 20.92. This passes through the 1938 data point but 

many other (x, y) pairs, through 1904 fall on or close to this line.  

 

For line IV, T = 0.0181t – 20.49 and this passes through the data for 1900. 

recent data fall on or close to this line.  
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Each of these parallels was chosen to pass through data which represent local 

maximum and minimum values for the time period being considered. Also, 

notice that the parallels are joined by several points that indicate a horizontal 

movement of the temperature data (or brief cycles of temporary stalling the 

global warming, as pointed by Trenberth [33] in comments for the Royal 

Meteorological Society (click here). However, as seen here, and also evident 

from Figure 10, this movement along parallels also means that the global 

average temperature, although rising, is also significantly lower now in the 

21st century than it would have been had the earth’s climate continued to 

operate along any of the other parallels for the earlier period.  

 

It should be noted that although the slope B = 0.0181 was deduced from the 

NCDC data 1976 and 2012, we also see confirmation for the same slope also 

with the NASA GISS data. For example, the (x, y) pairs (1965, 13.83) and 

(1994, 14.38) separated by 29 years, are joined by a line with the slope B = 

0.01897 which agrees with B = 0.0181 picked here. Also, the (x, y) pairs 

(2000, 14.57) and (2013, 14.82) yield the slope B = 0.0192. 

 

Finally, the change in the slope from a shallow one at earlier times (Figure 7) 

to a much steeper one at later times (Figure 8) means that a power law of the 

type (y – y0) = m(x – x0)n + c will provide a good description of the observed 

trends. This is a modification of the simpler power law equation y = mxn + c, or 

y = mxn with a nonzero intercept c. Also, for the simple power law, y = 0 when 

x = 0 and curve starts from the origin, or from y = c, if there is a nonzero 

intercept. The constants x0 and y0 are introduced here to permit the curve to 

start from any general nonzero value of x and y in the dataset.  

 

As seen in Figure 15, a family of two such power law curves provides a good 

description of the (T, t) data for the early years and for the most recent years. 

The rate of increase of the temperature, given by the derivative of the curve 

dy/dx = n [m(x – x0)n-1] =n[(y – y0 - c)/(x – x0) ].  

 

The shift seems to be occurring around the time when there was a horizontal 

movement of the temperature data (between 1937 and 1977) when it kept 

http://www.rmets.org/weather-and-climate/climate/has-global-warming-stalled
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fluctuating above and below the average for the base period, TB = 14 °C. The 

global average temperature exceeded the base-period average of 14 °C for the 

first time in 1937 (T = 14.02 °C) and finally rose from 13.81 °C in 1976 to 

14.21 °C in 1977 and never fell below 14 °C after 1977.  

   

 

 

 

 
 

Figure 15: Two members of a family of power law curves, with the general 

equation given in the text are illustrated For both curves m = 0.0000475, n = 2.1, 

x0 = 1860 and y0 = 0. For the upper curve (dash-dot), c = 13,2 and for the lower 

(solid) curve c = 13.1 The small difference in the value of the nonzero c is enough 

to shift the curve which now passes through the data for the most recent years. 

 

This again illustrates, now using a nonlinear model [62, 63], that the global 

average temperatures are actually lower today than they would have been if 

the earth’s climate system had continued to operate along the curves 

established earlier in the late 19th century or the mid-20th century. The 

nonlinear analysis is being submitted for publication to Nature Climate 

Change journal [63].   
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