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ABSTRACT

Several major papers have been published over the last ten years claiming to have detected the
impact of either annual variations in weather or climate change on the GDPs of most countries in
the world using panel data-based statistical methodologies. These papers rely on various
multivariate regression equations which include the annual average temperatures for most countries
in the world as one or more of the independent variables, where the usual dependent variable is the
change in annual GDP for each country from one year to the next year over 30-50 year time periods.
Unfortunately, the quantitative estimates derived in these papers are misleading because the
equations from which they are calculated are wrong. The major reason the resulting regression
equations are wrong is because they do not include any of the appropriate and usual economic
factors or variables which are likely to be able to explain changes in GDP/economic growth
whether or not climate change has already impacted each country’s economy. These equations, in
short, exhibit suffer from “omitted variable bias,” to use statistical terminology.
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I.

Introduction

Over the last ten years, a new sub-field of the economics of climate change has emerged,
whereby several research groups have tried to use panel data for the GDPs of more than 100
countries or regions of the world extending over many decades to try to statistically quantify the
impact that weather and/or climate change has had on those GDPs. There have been at least
seven major papers published in this new sub-field, some of which primarily rely on the results of
previous papers (1,2,3,4, 5, 6, and 7). This work has gotten a fair amount of attention in both the
news media and in climate change newsletters. (See, for example, the Proceedings of the National
Academy of Sciences (3) and the April 22, 2015 New York Times (8).) In particular, some of
these papers claim that as the average annual temperatures that countries experience over the next
many decades increase due to climate change that these temperature increases will have a very
large impact on GDP growth rates. These papers suggest that cooler countries will tend to have
increases in their GDP growth rates due to climate change, and warmer countries will tend to
have decreases in their growth rates.
Unfortunately, because the statistical methodologies relied on by each of these seven studies are
not scientifically justified, both their quantitative and qualitative results are wrong and, I will
argue, have seriously misled the climate change research community, policy makers, and the
general public about many important issues. The key aspect of what is wrong with these
statistical methodologies is that they violate the basic principles for the correct use of multivariate
regression analysis for scientific research. This major methodological flaw is also potentially
relevant to many other papers published in the social science literature, which is one rationale for
writing this article. In addition, when attempting to determine the impact of changes in annual
average temperature on changes in the GDP of individual countries, the papers discussed here
(except one) do not even distinguish between the impact of larger but normal changes in the
annual average weather from year to year, and the impact of the smaller and slower changes in
weather from year-to-year due to climate change over a period of decades. (The exception,
Kahn, et.al., still does not adequately disaggregate yearly weather from climate change (6).)
Some of these studies discussed here also claim that the likely impact on the GDPs of various
countries and regions of various climate change scenarios can be calculated for the long-range
future well beyond the time period covered by their database based on the past trends that they
have computed, including as far into the future as the year 2100. Since many people are,
naturally, extremely concerned about what impact climate change might have on their country’s
economy, and on the world economy in the future, these publications seem to offer interesting
and important results that policy makers should take into account. Some of these papers have
gotten a significant amount of attention in part, I believe, because they predict very large future
impacts of climate change on most economies, both positive and negative, as noted above.
If the results of one or more of these papers were correct, they would support yet another
argument in favor of mitigating climate change as fast as possible, namely to minimize negative
economic impacts, for those countries and regions where negative impacts were projected to be
likely. However, there are many other powerful arguments to support the rapid mitigation of
climate change regardless of whether or not it negatively or positively impacts the GDP of
countries. After all, the rebuilding of residential dwellings after devastating fires or storms

caused by climate change might raise the GDP of the affected regions if such increases were
deemed to be good, even though such a scenario is socially very undesirable. Thus, focusing on
the impacts that climate change might have on national or regional GDPs is probably not the
most fruitful approach to evaluating the negative impacts that climate change is likely to have on
human societies and ecological systems, and is already having. Even from a strictly economic
perspective, trying to deduce the likely impact of climate change on the total GDP of a country
will not reveal important details as to the types of major economic harms that result, and how to
prevent these harms. Presumably, the authors of the articles that are reviewed here would agree
with this limitation inherent in their collective methodologies.
II.

Why are the seven major studies reviewed here wrong?

As I will argue below, the results of all these studies discussed here are wrong for fairly simple
but profound methodological reasons. The first reason is that the seven papers noted above do
not utilize any economic theories and data for economic independent variables at all to help
statistically explain the changes in the GDPs of countries or regions over decades, either before
or after taking climate change into account. Therefore, the various multivariate regression
equations that are utilized in these papers to try to detect the impact of changes in weather or
climate (both temperature and precipitation) on changes in country GDPs from year to year do
not include any of the usual candidates for economic, resource, or demographic variables that
might explain (cause) such changes prior to trying to quantify the likely very small, incremental
effect of climate change. Yet, there is a very extensive economics literature that has been
published over decades that tries to explain economic growth via the use of such variables, which
none of the papers reviewed here discuss. In fact, trying to explain GDP growth has been a major
focus if not the major focus of the economics profession for a long time. (For example, see the
famous paper by Robert Solow from the 1950s, and related research since then.(8))
Said slightly differently, the authors of the papers being reviewed here do not first try to
statistically “explain” which of the usual economic, resource, and demographic factors seem to
have the greatest causal impact on changes in the GDP of all the countries they include in their
panel data assuming, first, that climate change did not yet exist such that fluctuations in annual
weather were normal. In fact, the weather was mostly normal from 1960-78. It is only common
sense that this analysis should be done first, because so far climate change is likely to have had a
very small, if any, measurable effect on the GDP of countries even after 1978, except perhaps for
countries where agricultural output constitutes a large fraction of their GDP. This is because
agriculture is the most likely major industry to be strongly impacted by both normal weather and
climate change. By definition, when doing good science in any given field of inquiry, one
typically first analyzes the causes for the “first order” (the biggest) effects one is studying, and
then one looks at the causal impact that “second order” (smaller) effects are likely to have on the
first order effects. Here the first order effects are due to normal weather and the second order
effects are due to climate change in each country.
Note that one must also consider the likely possibility that because GDP growth rates of many
countries tended to fall over the 1960-2015 time period, and because climate change started to
noticeably increase annual average temperatures for many of those same countries after 1978,
that statistical findings interpreted by the authors of these papers that led them to believe that

climate change caused lower GDP growth rates could have been simply due to coincidence
(multicollinearity of those variables), and not due to a cause and effect relationship.
It is, therefore, well recognized as a basic principle of how to use multivariate regression analysis
for scientific research that all (or most) independent variables that are theoretically relevant to
explaining causal changes in the dependent variable must be included in the final regression
equation, or at least tested for statistical significance and problems with multicollinearity as part
of the research process. (See Donadelli 2017.(10)) If this is not done, as it was not in any of the
papers reviewed here and important independent causal variables are omitted, all the coefficients
derived for the other independent variables, such as temperature, are likely to be mis-estimated.
This is the mathematical result of “omitted variable bias,” as it is termed in statistics. In contrast
to trying to analyze the potential causal impact of climate change on the GDP of a country as a
whole, it might have made far more sense for these authors to have attempted to determine
specific sectoral economic impacts in localized areas which have been directly and most severely
affected by climate change (like agriculture). But it would have been difficult, probably
impossible, to derive a long-run average for such economic impacts due to climate change over
decades, and to project them into the future.
While in my opinion, this theoretical scientific critique of the seven papers being reviewed here
based on sound scientific research methodology is sufficient to reject their qualitative and
quantitative conclusions, I will provide a brief summary of some of the more specific
methodological problems with a couple of the main regression equations relied upon in those
papers. For example, the 2015 Burke, et.al., Letter in Nature entitled “Global non-linear effect of
temperature on economic production” does not present the main regression equation on which it
relies for its basic findings until deep into the Supplementary Materials, which I suspect most
people who read the upfront Letter would not even read. Under the supplementary section
“Empirical approach”, their primary regression equation #15 is first presented. Omitting its
treatment of precipitation, the equation has a dummy independent variable for each country that
applies in all years, a dummy variable for each year that applies to all countries, and a quadratic
function of time specific to each country in the form at+bt2, where t is time. This is why the
authors claim to rely on a “standard” fixed effects methodology based on this approach to using
dummy variables. Finally, there is a single quadratic function of temperature that, surprisingly, is
the same for all countries and all years in the simple form again of aT+bT2, where T is the annual
average temperature for that country. Thus, there is not a single economic or demographic
independent variable to be found in this equation, but the total number of coefficients listed
above add up to hundreds of coefficients, mostly dummy variables, that need to be estimated by
using the panel data that the authors have assembled. (Note also that none of the regression
coefficients or statistics for these variables, except for the temperature variables, are included
anywhere in the paper. Thus, the reader has no idea as to the goodness of fit that each regression
equation has to the data, and, therefore, whether or not the equation makes any sense
statistically.)
Not surprisingly, the authors claim that these hundreds of independent variables can capture the
effects of whatever economic and demographic variables are relevant to explaining the historic
changes in GDP which are used as the dependent variables in this regression equation for all

years and countries. But they do not cite any economic theory or evidence supporting this
hypothesis.
Of course, when a regression equation has hundreds of coefficients to be estimated from the
panel data it should be clear that there is no theoretical or statistical basis for believing that any of
the results has any causal significance in economic theory at all. With hundreds of coefficients
almost any set of panel data could be “fit”, the key question being how good is the fit.
Furthermore, there is no basis for believing that such a “fixed effects” regression methodology is
appropriate since there are obviously no fixed effects in this type of panel data. Nothing is
“fixed” or constant or smoothly varying across all the countries or over time for all countries. The
dummy variables for each country for all time are not appropriate because the GDP of each
country changes very differently with respect to that for other countries over time, and the
dummy variables for each year applicable to all countries are not appropriate because the GDPs
of different countries grow by very different percentages in any given year. The GDPs do not
grow in harmony with each other at all. The bottom line is, for example, if one had panel data
like these authors all use for 100 countries over 40 years, 140 dummy variables could not begin
to capture the complexity of the patterns of economic growth for these countries over time.
There might actually be (100x39) or 3900 different growth rates involved for this set of panel
data.
In addition, by focusing on the key function of temperature included in equation #15, which after
all is the main purpose of doing this entire analysis, we see that the quadratic function of
temperature assumes that the economies of all countries respond to changes in temperature in
exactly the same way in every year, since “a” and “b” are not country specific. Clearly, this
cannot possibly be correct, and even in the remote possibility that it turned out to be true, it
would have to be empirically demonstrated and not merely assumed, which these authors do not
do. Anyway, it would be impossible to make this demonstration using a regression equation that
included hundreds of coefficients that have no economic interpretation at all.
And do the authors really believe that economic growth for each country can properly be
modeled assuming a quadratic function of time over the period of the database, with yearly
adjustments made by the numerous dummy variables? One purpose of the statistical modeling of
annual GDP growth is to determine how fast economic growth occurs over time, and not to
assume that it varies over decades by a quadratic function of time, or any other specific functional
form. Also, surprisingly, none of the values of the dummy variables nor the coefficients of the
function of time are presented in the Supplementary Materials, or anywhere else in the papers
under review, in order to allow the reader to get a feel for the possible realism of the results. And
could equation #15 with two quadratic terms, temperature and time, be at all useful for projecting
the temperature effects out into the future for even 10 years, not to speak of out to 2100 as the
authors do? Of course not; attempting to do so is absurd, in part because quadratic functions
would tend to “blow up” as the key variables, time and temperature, increase beyond their values
in the panel data.
To illustrate these methodological issues further, the research published by the various Burke,
et.al., teams from 2015-2019 all utilizes the same annual time series panel data beginning in 1960
and ending in 2010, and the same regression equation (#15) described above (1,2,3). Their panel

data includes country-specific annual average temperature data for this 50-year period for 166
countries. However, one key fact that is not mentioned in their research papers, nor in any of the
other publications discussed here, is that climate change was very weak over the period from
1960-1978, the first portion of their panel data. The average global temperature over land and
water combined changed very little during this time period, with a slight cool spell in the mid1970s. Therefore, it is very unlikely that any statistical or causal methodology could possibly
determine any net impact of climate change on the GDP of countries during this first 18 years of
the database, since there was almost no climate change.
Thus, any serious attempt to discern the impact of climate change on economic systems of any
type might do best to begin by analyzing economic and temperature data only after 1978. This is
because from 1978-2010, the second portion of their panel data, the average global temperature
began to rise fairly steadily and to a much greater degree, increasing about 0.7 degrees C
(Celsius) during this period. This includes temperatures over land and water. The cumulative
increase from 1978, including the more recent years from 2010-2020, is about 1.1 degrees C.
(The precise increase does not matter for the argument here, and the increase over land that
would more directly affect country GDPs is generally somewhat greater than the increase over
the oceans. (See IPCC 2018. (11))
In addition, one of the major methodological problems with the Burke, et.al. studies (1,2,3), and
the much newer Kalkuhl and Wenz paper (7), is that they do not even distinguish between
changes in the weather, which Dell, et.al., reasonably defined as the year-to-year changes in
annual average temperature (and precipitation) which exist whether or not climate change is
occurring, and that component of temperature fluctuations and trends due to climate change.
Climate change would, in theory, be represented in the temperature data by very slow multi-year
increases that occur over a period of decades, but also by incremental annual fluctuations. This
apparent conceptual confusion between these two key and fundamentally different aspects of
temperature variability (annual average weather variability versus climate change) leads to
temperature variables being used in the regression equations relied on by the Burke, et.al., and the
Kalkuhl and Wenz research teams that do not take this distinction into account. Thus, only actual
annual average temperatures that include both aspects of temperature variability are included in
the regression equations derived in each study for each country or region, since that is all that can
be derived from their panel data as it was constructed. No attempt was made by these authors to
isolate or “pull out” of the yearly average temperature data a long-term climate change-based
temperature component or trend. Thus, when Burke, et.al., tell their readers that they are
projecting the impact of climate change on GDP in their various articles either historically, or out
to the year 2100, they are not really doing this. They are projecting results that are based on total
annual temperature variations.
However, even though the Dell team distinguished these two components of their temperature
time series conceptually, they did not discuss the feasibility of any practical analytical approach
to achieve this key type of disaggregation. The only exception is in their 2014 paper where they
briefly propose the possibility of dividing their 30-year panel data into two 15 year periods, and
averaging the temperature data over each 15-year period separately (5). The problem with this
approach, of course, is that climate change would, then, be represented by only one increase in

temperature between the two 15-year averages, and the annual weather data would presumably
no longer be used in a regression equation, which would surely not provide any basis for deriving
statistically significant or interesting results for the separate impact on GDP of the two aspects of
temperature – normal weather fluctuations versus climate change. This implies that neither of the
methodologies relied on in the two Dell, et.al. papers (4,5) would have been able to explicitly
find any impacts on country GDPs due to climate change if this 15-year averaging methodology
had been used, even if their statistical methodologies were otherwise scientifically valid, since
there would be no variable in their regression equations representing climate change in a realistic
way. The same is true of the newer Kahn, et. al., paper (6).
To be clear, what Dell, et. al. actually attempted to analyze in their papers was the impact of the
total annual changes in temperature on the GDPs of a large number of countries. They did not
claim to try to determine the separate impact of climate change. However, the Dell et.al. team
simply assumed a simple production function for all country economies in all years, and then
used this equation to try to fit hundreds of what they explicitly called country and time fixed
effects (dummy variables). Again, including hundreds of dummy variables in a regression
equation which attempts to explain changes in economic growth are not a substitute for an
adequate economic theory of GDP growth. Even the use of their production function format for
constructing their regression equation is completely unscientific, since Dell, et.al., did not
demonstrate that such a function with its embedded dummy variables could reasonably model
any of the country economies over time that were included in their panel data.
As noted above, common sense should tell any researcher that any climate change-based year to
year impacts on country GDPs would be much smaller than the year-to-year changes in GDP
caused by the total effect of major economic and demographic factors such as changes in interest
rates, technologies for production, birth rates, education levels, inflation, trade, government
investment, etc., factors that have been discussed in the economics literature on economic growth
for decades. As the actual country-specific historical GDP data clearly shows, year-to-year
changes in country-specific GDPs often range from minus several percent to plus several percent.
In addition, country-specific GDPs often have average annual growth rates of plus 2.0-3.0
percent per year over fairly long periods of time, such as many decades. These changes in annual
GDP co-exist with typical fluctuations in annual average temperatures of +/- 1.0-2.0 degrees
Celsius for any given country.
In contrast, the average long-term change in temperature at the global level due to climate
change, as noted above, was about 0.02 degrees C per year (0.7 degrees over the 32 years from
about 1978-2010), with annual fluctuations due to climate change alone usually in the range of
+/- 0.1 degrees C, or less. Since the total annual fluctuations in temperature due primarily to
changes in the normal weather are typically far greater (10-20 times greater) than the average
annual increments in temperature due to climate change, one would expect that this would also be
true of the relative impacts that these two causes of temperature change would usually have on
the annual GDP of most countries. Thus, by relying on annual panel data for the GDP and
temperatures of most countries in the world simultaneously, the likely impact of changes in
temperature due to climate change on GDP would generally be swamped by the impact of normal
(pre-climate change) annual temperature fluctuations. This poses a grave methodological

problem for how the long-run cumulative impacts due to climate change could ever be estimated
from panel data.
To repeat a point made above, the long-term slowdowns in economic growth for many high GDP
Western countries over the last several decades probably had nothing to do with climate change.
But to the statistical software such a trend would be collinear with a very slow increase in annual
average temperatures due to climate change, leading to a small but negative coefficient for a
linear temperature variable in a regression equation, even if no causality were involved. This is
another purely statistical reason why it is probably impossible to use panel data to derive a valid
causal relationship between temperature increases due to climate change and country GDPs.
While the above arguments lead me to strongly believe that year-to-year impacts of climate
change on the GDP of a country would almost always be far smaller than the impacts of normal
annual temperature fluctuations, this hypothesis could be wrong, of course. But, to my
knowledge, no economist has ever challenged this assumption in a published scientific article.
Again, this implies that the first task of any research effort to attempt to determine the relatively
small past impact of climate change on country GDPs on an annual basis is to first statistically
explain changes in those GDPs assuming that climate change did not exist.
To do this would require a very sophisticated theoretical and empirical research effort, which is
not easy, to find the most significant economic, geographic, and demographic causal factors for
changes in all country GDPs for the multi-decade period under analysis. The very interesting
research paper by Cicconne and Jarociński 2010 (12) clearly demonstrates how difficult, if not
impossible, this research effort would be if done correctly when relying on panel data for a large
number of countries. But whether this research would be easy to do or not, none of the authors of
the articles being discussed here, including the Dell, et.al., papers, included any of the usual kinds
of economic factors listed in the Cicconne and Jarocinski paper as potential economic causal
variables in the regression equations they estimated from the panel data, as noted above. They
did not even discuss the serious problems with accurately measuring the GDP for different
countries which use different currencies in the first place, as discussed by Cicconne and
Jarocinski.
The implication of these omissions is that none of the research findings or regression equations in
any of the papers discussed above have any scientific validity (1,2,3,4,5,6, and 7). If one cannot
statistically explain annual variations in the GDP of a large set of countries using panel data at a
high level of confidence prior to the onset of significant climate change from 1960-1978, or prior
to considering climate change in more recent data, surely one cannot hope to explain the more
subtle and separate incremental impact on country GDPs of the modest amount of climate change
that has occurred since 1978, or so. Using panel data that begins well before 1978, as these
studies did, would also tend to wash out any climate change impact that could possibly be
detected across the entire 50 or so year period, and that would be stronger after 1978. The
obvious implication of this critique is that none of the seven journal articles mentioned above
should have cleared the peer review process relied on by those journals.

III. Why the analysis of time series panel data will never likely result in scientifically
justified results for the impact of climate change on a large group of country GDPs.
What if one or more of the research teams, as discussed above, had attempted to “pull out” or
disaggregate the annual temperature component due to climate change from the normal weather
fluctuations for each country and each year for their time series panel data, and input the two
different temperature variables that resulted into their statistical analysis of changes in GNP for
those countries simultaneously? Would this have likely led to a statistically significant
coefficient for the separate climate change temperature variable if the research teams had also
first explained most of the variance of the annual GDPs of all countries simultaneously by key
economic, geographical, and demographic factors? The answer is most probably “no”.
One reason, of course, is that each country’s GDP will respond to the same amount of
temperature change both in the short and long-run somewhat differently from each other, because
each economy has a somewhat different structure, different government policies, different
amounts of air-conditioning and heating to respond to the weather, and different mixes of
industries and agriculture in addition to different absolute temperature baselines. As noted above,
Cicconne and Jarociński (12) demonstrate how difficult it is to find a stable set of statistically
significant causal factors that explain GDP growth for all countries simultaneously using panel
data, even once the usual candidates for causal factors are considered. They demonstrate that this
is due, in part, to different economists calculating the annual GDP of each country using slightly
different methodologies. Also, the relevance, then, of differences in the structure of the
economies of different countries or regions has, unfortunately, been almost completely neglected
in the research papers discussed here, except for brief mention of the relevance of the agricultural
sector. The implicit assumption in the papers discussed here is that all countries would react
similarly to the same changes in temperature both in the short and long-run, net of the impact of
the “fixed effects” dummy variables that are not temperature dependent and that are included in
the regression equations relied on in those papers.
Secondly, beyond consideration of structural differences in the economies of different countries,
even climate scientists do not know how to decompose annual average time series temperature
data for any single country into its “normal” value for each year, including normal annual
variations, plus an additional component of change on an annual basis due solely to climate
change. The problem is that both components of annual temperature vary almost randomly. Yet,
being able to disaggregate annual temperature into these two different components is a necessary
condition for being able to determine the impact of climate change by itself on economic growth.
As the reader may know from numerous articles in the press and journals about climate change
“attribution”, it is difficult enough for climate scientists to be fairly sure as to whether or not any
single storm was caused by or made more ferocious by climate change. But it is even more
difficult to attribute heat waves and cold waves to climate change versus normal changes in the
weather over a period of only a few weeks, which is how long hot and cold spells typically last.
Thus, the annual impact of climate change on the annual temperature for any single country for a
single year is impossible to determine accurately. Climate scientists can only determine the
impact of climate change on temperatures for a given country over a multi-year period, for
example over ten years.

Thirdly, the impact of climate change could be represented at least in theory in a regression
equation by a temperature variable that would vary annually but would also increase slowly but
steadily over decades, as discussed previously. However, even if climate science advances to the
point when this disaggregation between annual normal weather and climate change could be done
fairly accurately, which cannot be done now, the slow increase over time that would characterize
such a climate change variable would make it highly collinear with the steady but much faster
increase or decrease in GDP on an annual percentage basis, as noted above. There would also
likely be many other economic or demographic factors used as independent variables in trying to
explain changes in GDP that would also tend to rise or fall slowly over time, on average, over a
period of several decades. These relatively slow trends would introduce even more
multicollinearity into the regression analysis between more independent variables. Thus,
including a second temperature variable that varied slowly in time representing climate change
into such a regression equation would not likely lend any significant causal explanatory power to
the equation due to the presence of so much multicollinearity between so many variables.
Therefore, its coefficient would not likely be significant at any interesting level, and, at best, its
coefficient would be highly uncertain.
Furthermore, in order to establish convincing causal relationships between economic,
demographic, or temperature variables and the GDP based on initially significant statistical
findings for these coefficients, much additional analysis would be required in order to uncover
the detailed microeconomic linkages and explicit economic causal mechanisms that would give
theoretical support to any such statistical findings. In general, a finding of statistical significance
for independent variables in a regression equation is not the end of a scientific inquiry, but rather
only the middle of one, which the authors of the papers reviewed here also seem not to realize.
My hypothesis and claim is that only if climate change were by far the dominant causal factor for
changes in the GDP growth rates of all countries, which it clearly is not, could one hope to find a
scientifically justified causal relationship between it and GDP growth using panel data for a large
number of countries.
IV. How could climate change impacts on national or regional economies be studied?
The most productive way in which to analyze the likely impact of climate change on the GDP of
any country would be first to do a series of annual microeconomic studies on the economic
consequences for that country or region of each major weather event that climate change
appeared to influence. For example, considering the huge forest fires in California during the
summer and fall of 2020, one could try to compare all the money spent in the short and long run
to fight the fires and pay for all the other incremental costs society incurred due to the fires, to
spending patterns that would have occurred if the additional fires caused by climate change had
not occurred. Then, in the US, for example, a state-level macroeconomic model could be run for
the two scenarios, the California economy with and without the extra fires occurring. Some
fraction of the difference in economic impacts could, then, be attributed to climate change as
opposed to normal weather conditions. If this economic difference also influenced the GDPs of
other neighboring states within the US, this additional impact could be added in. Whatever the
results of such a modeling effort would be, the impact of climate change on local economies
would not be simply proportional to changes in a function of the annual country-wide

temperature, as the papers discussed here explicitly assume. It is much more complicated than
that, and the impact would be highly non-linear, and would depend on the kind of climate change
event that occurred.
A more complete discussion of how past impacts of climate change on country or regional
economies could be studied is beyond the scope of this critique. The key point is that such a set
of calculations is probably best made for individual countries or sub-regions, where those aspects
of climate change that have clearly affected and amplified specific weather events, and, thus,
have incrementally and directly impacted the local economy, can be most accurately determined
on a physical basis. Sweeping macro-economic methodologies such as applied to panel data
attempting to analyze the impact of climate change on large groups of countries or regions
simultaneously will probably never succeed in being sufficiently accurate or specific enough to
ever be useful for policy makers. Anyway, it is already well known why the world needs act to
mitigate climate change. The damage caused by climate change to people, social systems,
economic systems, and ecological systems is quite apparent, whether or not it can be measured
historically or predicted for the future in monetary terms, and it is clearly getting much worse
over time.
V. Why did the peer review process for this sub-field of research fail?
Of course, as an independent reader of the journal articles discussed above, I cannot be sure why
the major methodological issues and problems raised here were not readily apparent to the peer
reviewers of these articles. The pitfalls in using multivariate regression analysis require careful
attention. The issue goes well beyond simply disagreeing with a research team as to the best set
of independent theoretically important variables to include in any particular regression analysis.
These articles reflect a collective failure on the part of all of these authors to use any realistic
economic theory and set of economic variables at all to explain variations in GDP, previously a
very well-researched economic issue. Presumably, the authors were well aware of the fact that
there is a vast economic literature extending over decades discussing the causes of economic
growth.
In fact, Kalkohl and Wenz (7) were well aware of my specific criticisms of the similar research to
theirs done by Burke, et.al., prior to publishing their paper, since they included my 2019 PNAS
letter (13) in their list of references. Yet they did not seem to understand that my same basic
criticisms also applied to their research methodology, as well as to the Burke, et.al., papers. Even
more surprising is that the peer reviewers and editors at the PNAS published a seemingly
important second paper that also relied on the Burke analysis in August 2021 after they had
already published my 2019 critique of the Burke, et.al., papers (14). Thus, while the results
regarding the likely impact of passing through tipping points on the GDP of the world as cited in
the new PNAS paper were also publicized widely in the climate change-related media, they are
also all wrong. The peer reviewers should have noticed these problems.(See Rosen 2015 for
further critique of the peer review process.(15))
Beyond questioning the peer review process, it seems to me that teachers of economics, social
science, and statistical analysis also need to ask themselves why so many young scholars made
such egregious methodological mistakes. Any introductory textbook on multivariate regression

analysis will state that as many theoretically important independent variables as possible should
be included in any regression equation for the statistical significance of any independent variable
to be taken seriously, and not be mis-estimated due to omitted variable bias.
The possible presence of multicollinearity is usually discussed as a problematic issue, which may
limit the number and type of independent variables that should be included simultaneously. But
how to deal with multicollinearity is a complex issue. Multivariate regression analysis is
inherently incapable of estimating the coefficients of many different independent variables
accurately when most of them change slowly over time, which may be the case when trying to
determine the impact of several economic and demographic variables, plus a slowly varying
climate change temperature variable, on changes in GDP. Multivariate regression analysis is,
therefore, most accurate when both the independent and dependent variables vary substantially
from one data point to another to different degrees so that multicollinearity would not likely be a
significant problem.

VI.

Conclusion

The main focus of this review has been to identify how extremely simple but profound
methodological errors or misunderstandings of sound scientific methodologies have led to the
publication of a series of research papers that claim to have determined either the past impact of
annual temperature variations or of climate change on the historical GDPs of a very large number
of countries and regions over decades. Yet, as we have seen above, none of these papers has any
scientific validity at all, and all their numerical results are wrong. These incorrect results have,
presumably, already misled thousands of other researchers and potentially hundreds of thousands
of members of the public who have either read the papers or have read media accounts about this
research. Save for the PNAS letter I authored critiquing the most recent Burke, et. al., paper (13),
I have not yet seen any other publicly available criticism of any of this research that would alert
the public and policy makers to the problematic character of the research.
How can this have happened? How is it possible that no other scientists, especially the peer
reviewers of these seven papers, have noticed that in each case the underlying methodology
violated the standard norms of how multivariate regression analysis should be used for scientific
research? Whatever the subject matter is, for a regression equation to be potentially useful for
determining causes and effects, it must include most if not all the independent variables deemed
to be potentially causative factors to explain changes in the dependent variable. This critique,
then, provides a warning to researchers in the many fields of social science that rely heavily on
multivariate regression analysis. Be careful not to proceed with statistical analysis without a
sound causal theory of the phenomena being researched.
What must be done now to try to prevent such a situation from arising in other fields of social
scientific research? In my judgement, one necessary reform is that the peer reviews of all
pending scientific articles should be made public in the relevant journal before any article is
finally published. Other members of each scientific community should be given a chance to
review the peer reviews to determine if the original set of peer reviews are themselves rigorous.
Only once the journal editors have a chance to get feedback from the broader scientific

community as to the adequacy of the peer reviews, should they rely on them for providing
feedback to the authors of the relevant article, and for publication decisions.
This proposed reform may slow down the rate of new publications somewhat, but it is clearly
much better for the research community that journals publish high quality articles somewhat
more slowly, than bad articles quickly. This proposed reform process will also probably lead to
better peer reviews if the reviewers know that the content of their reviews will be made public,
even if their names are not. Finally, if even using such a reformed process for peer reviews still
leads to unscientific articles being published, journal editors should be much more receptive to
arguments from independent scientists as to why individual articles should be retracted or
corrected in print. While retracting articles should be a last resort, it is definitely required at
times, as recent history in many fields of science has demonstrated.
VII. Afterword
Surprisingly, after the basic analysis of the paper reviewed here was finalized as described above,
a new and very elaborate set of statistical analyses by Newell, et.al., entitled “The GDPTemperature Relationship: Implications for Climate Change Damages” appeared as a preprint
(16). The authors of this new paper did approximately 800 regression analyses of a similar nature
to those done by the Dell and Burke research teams, in effect checking the reasonableness of their
work. Newell, et.al., stated the purpose and conclusion in doing this vast amount of work as: “By
estimating 800 plausible specifications of the temperature-GDP relationship, we demonstrate that
a wide variety of models are statistically indistinguishable in their out-of-sample performance,
including models that exclude any temperature effect.” They continued: “Yet estimation of the
scope and magnitude of climate impacts on the economy is hindered by the temporal invariance
of climate over relevant time frames.” This is a similar way of stating the fact noted earlier that
climate change was weak or non-existent in the temperature data from about 1960-1978, which
overlaps with the time period studied by the papers under review here.
Then Newell, et.al., make some new and important observations about the difficulties in trying to
econometrically determine the causal impact of climate change on GDP, and these observations
complement the critique above. They say: “Moreover, the econometric approach confronts two
challenges in estimating aggregate economic impacts of climate change. First, identification of
climate effects from weather variation requires strong assumptions about dynamic processes like
adaptation and the persistence of idiosyncratic temperature responses amid secular climate
change.” “Second, theory [as used by the authors of the papers under review here] does not
prescribe specific, estimable, structural relationships between climate and economic outcomes.”
Obviously, they are making the same point as our fundamental criticism of the lack of a
theoretical basis for the regression equations analyzed, as discussed at length above. Finally,
Newell, et.al., conclude that “accounting for uncertainty among models of superior performance
in our estimation procedure, we find that the marginal effect of temperature on GDP growth is
not distinguishable from zero [emphasis added] at annual average temperatures observed in our
data.” Thus, it should be clear that this huge and elaborate statistical analysis performed by
Newell’s team confirms the basic hypothesis of this paper, namely that it is extremely unlikely
that the impact of climate change on specific country GDPs can ever be statistically determined
via the use of panel data of the type used in all the research papers reviewed here (1,2,3,4,5,6, and

7). The main contribution of this paper is to explain the theoretical basis for why the elaborate
and seemingly definitive Newell, et.al., results were inevitable.
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