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The Summary for Policy Makers (SPM) 
prepared by the International Panel 
on Climate Change (IPCC) in the most 
recent of their periodic reports (the Fifth 
Assessment Report or AR5) provides the 
following two conclusions.3 

SPM 1.2: Anthropogenic greenhouse 
gas emissions have increased since 
the pre-industrial era, driven largely 
by economic and population growth, 
and are now higher than ever. This 
has led to atmospheric concentrations 
of carbon dioxide, methane and 
nitrous oxide that are unprecedented 
in at least the last 800,000 years. 
Their effects, together with those of 
other anthropogenic drivers, have 
been detected throughout the climate 
system and are extremely likely to 
have been the dominant cause of the 
observed warming since the mid-20th 
century. (p. 4) 

SPM 2.2: Surface temperature is 
projected to rise over the 21st century 
under all assessed emission scenarios. 
It is very likely that heat waves will 
occur more often and last longer, and 
that extreme precipitation events will 
become more intense and frequent in 
many regions. The ocean will continue 
to warm and acidify, and global mean 
sea level to rise. (p. 10)

We climate scientists have tried to make 
these statements as clear and compelling 
as possible. Earth surface temperature 
has warmed signifi cantly in the last one 
hundred years; greenhouse gas concen-
trations have increased during this same 
period to levels not seen in the last 
800,000 years (the extent of our reli-
able ice core measurements); increasing 
greenhouse gas concentrations are due 

Donald Morton wrote an article for 
Perspectives on Science and Chris-
tian Faith, to which I was asked to 

respond in a companion article.1 Follow-
ing the publication of these two articles, 
Morton responded with a shorter piece 
that included quite a few comments chal-
lenging the reality of human-induced 
climate change and the reliability of cli-
mate models.2 As I struggled to fi nd an 
appropriate response to Morton’s com-
ments, I began to feel that I had been 
assigned a new “labor of Hercules.” 

The crux of the matter is that, given a 
limited print space, it is far easier to 
raise issues and ask questions than to 
answer them, because adequate answers 
always take more words than the ques-
tions themselves. So, I fi nd myself with a 
dilemma: I can write a short textbook on 
climate science or I can write a handful 
of very brief rebuttal statements. If I do 
the former, it will be too long to publish 
in this journal. If I do the latter, Morton 
(and perhaps other readers) will see my 
response as inadequate and perhaps 
even arrogant, because I must of neces-
sity appeal to expert knowledge without 
providing detailed explanations of that 
knowledge. So what to do? Instead of 
responding to all of Morton’s questions, 
I have tried to respond to a few of these, 
but focus on what I see is the core issue: 
Should we as Christians be actors in com-
bating climate change or should we be 
passive watchers, or perhaps a spirited 
opposition?
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to human activity; and the overwhelming consensus 
of our science community is that these greenhouse 
gases are “extremely likely to have been the domi-
nant cause of the observed warming.” Furthermore, 
our carefully considered conclusion is that warming 
will continue throughout the twenty-fi rst century 
leading to climatic extremes in the atmosphere and 
ocean. This is as close as we can get to the “depend-
able estimate” that Morton requests. The statements 
are both scientifi cally accurate and unambiguous. 

Our primary measure of climate change is an 
increase in the global surface air temperature over 
the last century, but many other impacts of climate 
change are well documented. These include the 
loss of Arctic sea ice, an acceleration in the rate of 
sea level rise, melting glaciers, heat trapping in the 
ocean, increased thawing of permafrost, and the 
poleward migration of species. These effects can only 
become more severe over the next few decades. 

One of Morton’s contentions is that conclusions can-
not be safely drawn from climate models because 
their uncertainties are too large. Morton supports 
this statement by extracting from a very long docu-
ment (over 1,500 pages) a few sentences that discuss 
uncertainties in climate models. Uncertainty is an 
integral part of all science. The IPCC author teams 
are fully aware of the uncertainties in the models. 
Nonetheless, these author teams came to the conclu-
sions I quoted. How do we reconcile the conclusions 
with the uncertainties? Is the climate science commu-
nity being deliberately deceitful and trying to hide 
these issues? Morton suggests that the authors might 
be unduly infl uenced by government or IPCC “spon-
sors.”4 Hardly so. The SPM is drawn directly from 
the detailed report that summarizes the current state 
of our understanding of climate and climate change. 
A look through the IPCC volume on the physical sci-
ence basis will convince one that there is enormous 
breadth in peer-reviewed climate research and that 
uncertainties are taken seriously in those research 
papers and the IPCC report. The climate science 
community has in fact considered the very issues 
that Morton raises and has concluded that, while 
important, they do not stand in the way of the con-
clusion that human activity has changed and is changing 
our climate in ways that will negatively impact our future 
and the future of our children and grandchildren. 

What can I say in answer to Morton’s specifi c ques-
tions about climate models? Actually, I and my 

colleagues can say a great deal, as evidenced by the 
hundreds of articles cited in the IPCC report. The cli-
mate models that we use to study current and future 
climate are not perfect, but they are very good, par-
ticularly when we use them to study changes in 
the global climate and changes in climate on large 
regional scales such as the United States. This applies 
to current climate, changes in past climate, and pro-
jections of future climate. Many of the uncertain 
parts of climate science are about specifi c types of 
outcomes (for example, storm frequency and inten-
sity) and projections of changes in smaller regional 
climate patterns (such as monsoon rainfall). 

In this context of prediction, Morton raises the very 
interesting subjects of the stochastic nature of the 
climate system and the role of chaos in climate sci-
ence and projection. These issues are challenging to 
understand because of their complexity. But, they 
are receiving due attention from the climate sci-
ence community and our collective understanding 
is included in the IPCC report. When Morton cites 
the IPCC report as stating, “There are fundamen-
tal limits to just how precisely annual temperatures 
can be projected, because of the chaotic nature of the 
climate system,” he draws the unfounded conclu-
sion that we have no understanding of the validity 
of the timescales of climate projections. No reputa-
ble climate scientist argues that climate models (or 
weather models) can be used to predict the global 
annual temperature precisely, because the random-
ness (stochastic nature) of internal variability in the 
climate system prevents us from doing so. Climate 
models are able to simulate temperature rise over the 
past century (albeit with certain caveats) but at the 
decadal (10-year) or longer timescale, which is what 
we expect. The statement quoted by Morton is not a 
concession by scientists of a fl aw in climate models; 
it is an explanation of the model limits. In addition, 
the role of chaos in the climate system is much more 
nuanced than Morton suggests. While there appear 
to be attractors (relatively stable states) in the system, 
there are many of them and the transitions between 
states are relatively smooth.5 The fact that we do 
not yet completely understand some of these com-
plex issues does not detract from the conclusions of 
the IPCC report. In the opinion of the climate com-
munity, the report conclusions are not materially 
affected by the uncertainty remaining at this point.6 

Morton spends considerable time criticizing the rep-
resentation of clouds in climate models, particularly 
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the use of parameterizations. Climate scientists have 
invested an enormous amount of time and effort 
on this problem in the last twenty years. Despite 
Morton’s assertion, clouds in climate models do not 
“enter simply as parameters.” Climate-model clouds 
form, produce precipitation, and decay similarly to 
what occurs in the real world, based on mathematical 
expressions for the chemistry, physics, and thermo-
dynamics of a wet atmosphere (one containing water 
vapor). These complex equations contain param-
eters, which are variables that need to be specifi ed 
because they cannot be calculated within the model, 
generally because of a lack of computer time. One 
example of a parameter might be the average size 
of a cloud droplet or ice particle. The values of these 
parameters are determined by comparison with data 
from large atmospheric fi eld programs, time series 
data from ground observing sites, and satellite data 
records. Most of these data have been acquired in the 
last 15–20 years by a constellation of complex instru-
ments in space and on the ground. So, we might 
use global satellite measurements to say that the 
average droplet diameter in boundary layer clouds 
over the ocean is 15 micrometers, which is consis-
tent with fi eld observations (made from aircraft and 
ships) as well. Because clouds are highly refl ective, 
we might fi nd that droplets that are slightly smaller 
(say 13 micrometers) give better agreement with sat-
ellite measurements of top-of-atmosphere refl ected 
solar radiation. Since a diameter of 13 micrometers 
is within the uncertainty of our measurements, we 
prefer to use 13 instead of 15. This is the extent of the 
“tuning” of models and is hardly the huge problem 
suggested by Morton. (Cloud properties and their 
effect on the earth energy budget is one of my ongo-
ing scientifi c interests, so I am fi guratively biting my 
tongue at this point, trying hard not to add another 
few pages!) 

Detailed responses to Morton’s assertions about 
clouds and parameterizations can be found in the 
IPCC report, volume 1 (particularly chapter 7 on 
clouds and chapter 9 on the evaluation of climate 
models) and in the references cited there as well. 
Uncertainties are discussed at length. Contrary to 
Morton’s assertions, climate models are not “linear 
approximations” to past data, nor are parameters 
set to arbitrary values. There is no evidence for his 
statement that “the physics quickly is overwhelmed 
by the adjustment (tuning) of hundreds of param-
eters …” In fact, as I just discussed, such tuning 
does not occur in the manner that he suggests and 

these parameters are part of the physics, not some 
afterthought. 

Our current climate models solve a set of coupled 
and fully nonlinear differential equations in both 
atmosphere and ocean. We simulate the future by 
forcing these equations with projections of increas-
ing greenhouse gas concentrations. We also simulate 
the effects of possible changes in solar activity, vol-
canic activity, and human-generated air pollution. 
Finally, we continue to test our models against cur-
rent observations and against past data. As we learn 
more about how climate science works, we con-
tinually improve our models to make them the best 
representation of climate that we can.

Now let’s move on to what I see is the issue at the 
core of Morton’s comments. If climate change sci-
ence is correct and our current actions are creating 
a situation that threatens human lives and ecosys-
tems around the world, then as Christians we must 
respond to that situation by altering our behavior and 
working to alter the behavior of our broader society. 
If one can argue, however, that climate science is ter-
ribly uncertain, then we do not have to do anything. 
Suppose that climate scientists are wrong in our esti-
mates of anticipated climate change effects over this 
century. How wrong do we have to be before this 
issue no longer demands an ethical response? If what 
actually happens to climate over the next fi fty to one 
hundred years is somewhat less than climate scien-
tists are currently predicting, would that absolve us 
from taking action now? If what happens is only half 
as bad, would that absolve us? Do we then do noth-
ing? Apparently Morton thinks so, because he claims 
that if 50% of the warming to date is anthropogenic, 
then we have nothing to worry about. As far as 
I know, this statement is completely unsupported by 
any evidence. 

Furthermore, uncertainty is a two-edged sword. 
What if what happens is actually worse than what 
we are predicting (an equally plausible outcome)? 
It is possible that global warming may alter the cli-
mate much more than we currently expect. How 
should we behave when that outcome is a risk? The 
best science on the problem of climate change says 
that we are driving our planet toward a very uncer-
tain future and that future is most problematic for 
the poor, the generations yet to be born, and the 
ecosystems on which we depend. You can see these 
arguments and evidences fl eshed out in the second 
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volume of the IPCC report on Impacts, Adaptation and 
Vulnerability. The National Academy of Sciences has 
also produced numerous reports on climate change, 
the science, uncertainties and likely outcomes (for 
example, the multi-volume work America’s Climate 
Choices).7 Reports arriving at similar conclusions have 
been written by learned societies in other countries. 

Morton ends his commentary with three things that 
we should do. The fi rst is that “we should state the 
whole truth about the uncertainties in the climate 
models including the fraction of warming actu-
ally due to human activity.” I (and my scientifi c 
colleagues) absolutely agree. That is why the IPCC 
report runs to 1,500 pages. Because these models are 
complex, stating the whole that is known about their 
uncertainties requires hundreds of pages. However, 
we can summarize what we know in shorter for-
mat. The most recent and currently best summary 
on climate change and its uncertainties, as well 
as the relative contributions of natural variability 
and human activity to that change, can be found in 
the IPCC report, volume 1, “Summary for Policy 
Makers” (p. 14). Morton’s insistence on knowing 
the precise fraction due to human activity is a “red 
herring,” distracting us from the essential point that 
human activity is causing, and will continue to cause, 
global warming, unless we reduce human emissions 
of greenhouse gases. 

I certainly agree with Morton’s point about not wast-
ing energy. I am a strong advocate of using renewable 
energy resources, in part because that allows us to 
conserve fossil fuels for other uses than simply burn-
ing them and avoids a whole range of associated 
environmental problems. While I can and do practice 
energy conservation in my daily life, there are many 
actions that can be taken only at the societal level. 
I look forward to the Christian community taking 
an active lead in promoting energy conservation and 
the use of renewable energy in North America. 

My position is that we need to take action now, 
because every day that we delay makes the prob-
lem worse, given the very long lifetime (hundreds of 
years at least) of carbon dioxide in our atmosphere. In 
2013 a team of 31 international researchers who mod-
eled a number of emissions projections concluded 
that, even if we could reach zero carbon emissions 
within fi fty years (a very diffi cult task), it would take 
centuries to return ocean and surface temperatures 
to current conditions. This effect is called the “cli-

mate commitment.” The actions we take today will 
play out over long periods of time.8 

While neither Morton nor I are economists, analyses 
of the economic and social risks associated with cli-
mate change have been carried out. They show that 
the potential costs of waiting to change are high and 
that these costs can be reduced by acting now. Many 
economists disagree with the conclusions Morton 
raises, even in the face of scientifi c uncertainty. Some 
researchers have argued that “effective mitigation 
action must be started decades before the climate 
changes of concern are actually observed,”9 and that 
“in general, uncertainty about a problem may indi-
cate the need for more, or less, action to address it, 
depending on the nature of the unknowns.”10 

Certainly, there are costs to changing our reliance on 
fossil fuels. There are also costs to not doing so, and 
conversely, benefi ts from making such changes. The 
US government and many parts of the private sector 
recognize the costs of inaction. For example, FEMA is 
requiring states to have climate change action plans 
before they receive disaster aid in the future, because 
of potential costs from sea-level rise and other prob-
lems. The Department of Defense also disagrees 
strongly with Morton’s position, in part because they 
see climate change as a national security issue.11 The 
insurance industry has come down on the side of cli-
mate change mitigation because the costs of climate 
change to industries and municipalities are signifi -
cant. On the other hand, the costs of making changes 
in order to lower greenhouse gas emissions can pro-
vide co-benefi ts. Cleaning up the large atmospheric 
brown clouds that harm human health and crop 
growth over much of Asia would save human lives 
as well as slow greenhouse gas emissions. Promoting 
urban vegetation would absorb greenhouse gases 
but would also absorb dangerous particulates and 
lower local temperatures, two outcomes that would 
signifi cantly improve human health in cities. Actions 
such as lowering food waste, something the U.N. has 
called for, would both help provide food for growing 
numbers of people, and lower carbon emissions. 

Joel Pett of the Lexington Herald-Leader drew an often-
reproduced cartoon that shows people at a climate 
summit conference listening to a speaker providing 
a list of benefi ts obtained by moving away from reli-
ance on carbon-based fuels. These benefi ts include 
cleaner air and water, healthier children, sustain-
ability, renewable energy, and so forth. A grumpy 
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individual in the audience then opines: “What if it’s 
all a big hoax and we create a better world for noth-
ing?” To some extent, this is my reply to Morton. 
Global warming is not a hoax. But, it is a major 
component of the multiple human impacts on the 
environment that are working together to damage 
our atmosphere, ocean, and land, as well as human 
health and agricultural productivity. 

Creating a better world means fi rst acknowledging 
that our actions are changing global climate, and 
then taking responsibility for those actions. It means 
leading our society toward a solution to the problem 
of climate change and toward a sustainable future. 
To do so, we must lower carbon emissions, and 
we need to start now. To be blunt, we should have 
started years ago. The few actions taken by the gov-
ernments of the USA and Canada over the past two 
decades have had a largely negligible impact on CO2 
emissions and global warming. This is not because 
we cannot do anything, but because we will not. 
I agree with Morton that we need to think carefully 
about the costs and benefi ts of various actions, such 
as the use of biofuels to lower emissions, and that 
we should “terminate bad policies,” but we cannot 
use “thinking” as an excuse to do nothing. Christians 
profess God’s love for the world and for all God’s 
children. We must show this love through our 
actions. We must be leaders, not reluctant followers, 
in the struggle to reduce carbon emissions and stabi-
lize climate, not only for the sake of our generation, 
but for the sake of our children and our children’s 
children.  
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