
Written	Admissions	by	Authors	of	PNAS	114,	6722-6727	(2017)	of	
Three	Reckless	Factual	Errors	in	their	Paper,	Two	of	Which	

Comprise	their	Main	Conclusion		

On	June	27,	2017,	Clack	et	al.	(PNAS,	114,	6722-6727,	2017,	hereinafter	
C17)	 wrote	 a	 paper	 critiquing	 and	 denigrating	 an	 earlier	 paper,		
Jacobson	et	al.	(PNAS,	112,	15,060-15,065,	2015,	hereinafter	J15),	which	
was	published	December	8,	2015.	J15	had	received	the	Cozzarelli	Prize	
from	 PNAS	 “for	 outstanding	 scientific	 excellence	 and	 originality”	 in	
2016.		

Of	the	21	authors	on	the	C17	paper,	three	primary	authors	contributed	
to	“designing	the	research,	performing	the	research,	or	analyzing	data.”	
The	remaining	18	contributed	to	“writing	the	paper.”	

The	main	conclusion	of	C17	 is	based	on	 two	reckless	 factual	errors	by	
the	21	authors	of	that	paper.	Two	primary	C17	authors	have	admitted,	
in	writing,	 to	 both	 errors	 along	with	 a	 third	 error,	 yet	 none	 of	 the	 21	
authors	nor	PNAS	has	corrected	or	retracted	the	C17	paper.	Below,	the	
errors	and	admissions	are	described,	and	corrections	to	their	paper	are	
proposed.	

First,	C17’s	main	conclusion	is	

“From	the	information	given	by	ref.	11,	it	is	clear	that	hydroelectric	power	
and	 flexible	 load	 have	 been	 modeled	 in	 erroneous	 ways	 and	 that	 these	
errors	alone	invalidate	the	study	and	its	results.”	(page	6727,	parag.	3)	

This	conclusion	is	based	on	the	following	two	reckless	admitted	factual	
errors	by	the	C17	authors:		

(1)	C17	erroneously	claim	that	Table	1	of	J15,	which	shows	flexible	and	
inflexible	 loads,	 contains	 maximum	 possible	 loads	 when	 it	 factually	
contains	 annual	 average	 loads.	 C17	 then	 use	 their	 own	 error	 to	
incorrectly	state	that	some	figures	in	J15	are	inconsistent	with	Table	1;	
therefore,	J15	made	a	modeling	error.		

However,	J15	made	no	such	modeling	error.	The	only	error	was	by	C17,	
who	 recklessly	 and	 erroneously	 reported	 the	 data	 in	 J15’s	 Table	 1	 as	



maximum	values	even	after	 they	were	 informed	both	before	and	after	
their	publication	that	the	data	were	average	values	(Attachment	1).	

Ken	 Caldeira,	 one	 of	 two	 primary	 authors	 on	 the	 C17	 paper	 who	
“designed	 research,”	 and	 one	 of	 three	 primary	 authors	who	 “analyzed	
data,”	 admitted	 in	 writing	 on	 February	 16,	 2019,	 that	 Table	 1	 does	
indeed	contain	average,	not	maximum	values	 (Attachment	2).	As	such,	
he	admitted	half	of	C17’s	main	conclusion	was	erroneous.	

(2)	The	 second	 erroneous	 claim	 admitted	 to	 by	 a	 C17	primary	 author	
relates	to	the	treatment	of	hydropower	in	J15.	C17	erroneously	claimed	
a	modeling	error	existed	in	J15’s	treatment	of	hydropower	(namely	that	
the	model	 did	 not	 conserve	 energy	 or	water).	 At	 the	 same	 time,	 they	
erroneously	claimed	they	were	unaware	how	hydropower	was	treated	
in	the	model	by	stating,	“we	hope	there	is	another	explanation.”	In	fact,	
they	 (a)	 were	 fully	 aware,	 both	 before	 and	 after	 publication,	 how	
hydropower	was	treated	and	(b)	had	no	ability	to	determine	whether	a	
mathematical	 error	 occurred	 because	 they	 never	 even	 asked	 for	 the	
time-dependent	 model	 output	 to	 determine	 if	 an	 error	 was	 possible,	
until	two	weeks	after	publication	of	their	article.	

Specifically,	the	first	author	admitted	in	writing	his	awareness	of	and	his	
agreement	with	the	technical	feasibility	of	the	hydropower	assumption	
in	 the	 J15	 paper	 in	 an	 email	 dated	 March	 2,	 2016,	 a	 year	 before	
publication	 (Attachment	 1,	 Exhibit	 4,	 Email	 by	 Christopher	 Clack	
3/2/16).	

In	 addition,	 the	 C17	 authors	 admitted	 they	 had	 no	 knowledge	 of	 a	
modeling	error	in	J15	at	the	time	of	their	publication	because	they	had	
never	asked	for	model	output	to	even	check	if	an	error	existed.	Only	on	
July	 10,	 2017,	 two	 weeks	 after	 publication	 of	 their	 false	 claim	 of	
modeling	error	(June	27,	2017)	did	they	request	in	writing	the	relevant	
time-series	output	(Attachment	3),	which	they	were	provided:	

https://web.stanford.edu/group/efmh/jacobson/Articles/I/Combining
Renew/HydroTimeSeriesPNAS2015.xlsx	

The	output	clearly	shows	that	 the	model	conserves	energy	thus	water,	
thus	no	model	error	occurred.		



Thus,	 by	 (a)	 admitting	 in	 writing	 their	 knowledge	 of	 and	 agreement	
with	 the	 technical	 feasibility	 of	 the	 hydropower	 assumption	 a	 year	
before	publication	but	lying	in	C17	about	their	lack	of	knowledge	of	the	
assumption	 and	 (b)	 admitting	 in	writing	 they	 had	 no	 time-series	 data	
available	 to	 check	 whether	 a	 model	 error	 occurred	 but	 lying	 in	 the	
paper	that	one	did	occur,	the	C17	authors	recklessly	misrepresented	the	
hydropower	assumption	in	the	J15	paper.	

(3)	A	third	false	fact,	which	was	also	admitted	to	in	writing	by	Dr.	Clack,	
relates	to	an	analysis	in	C17’s	Figure	3,	where	they	compared	recent	U.S.	
only	 annual	 hydroelectric	 power	 output	 data	 with	 proposed	 2050	
estimates	 of	 hydropower	 output	 from	 J15.	 They	 then	 claimed	 J15’s	
estimates	 were	 unrealistically	 high	 relative	 to	 historic	 averages.	
However,	 J15	 included	 Canadian	 imports,	 which	 C17	 did	 not	
acknowledge	or	account	for	in	their	Figure	3.	

On	 September	 21,	 2017,	 Dr.	 Clack	 admitted	 in	 a	 written	 PowerPoint	
slide	 that	 J15	did	 indeed	 include	Canadian	hydro	 (Attachment	4).	This	
slide	was	from	a	presentation	by	Dr.	Clack	on	that	day.	Dr.	Clack	is	the	
owner	 of	 the	 consulting	 company	 VCE	 (Vibrant	 Clean	 Energy),	 whose	
logo	appears	on	the	slide.	The	last	sentence	of	the	slide	states	that	J15’s	
100%	 WWS	 Proposal	 “Rel(ies)	 on	 Canadian	 hydroelectricity	 when	
necessary...”	 Despite	 knowing	 and	 admitting	 that	 their	 Figure	 3	
misrepresented	 results	 from	 J15,	 the	 C17	 authors	 and	 PNAS	 have	
continuously	refused	to	correct	the	C17	paper.	

Requested	Correction	of	the	Clack	et	al.	Paper	

Based	 on	 the	 above,	 the	 authors	 of	 the	 C17	 paper	 and	 PNAS	 are	
requested	to	correct	the	C17	paper	as	follows:	

	

We	 correct	 the	 paper	 Clack	 et	 al.	 (PNAS	 114,	 6722-6727,	 2017,	
hereinafter	C17)	as	follows.	

1) We	understand	Table	1	of	Jacobson	et	al.	(PNAS,	112,	15,060-15,065,	
2015,	 hereinafter	 J15)	 contains	 annual	 average	 loads	 rather	 than	
maximum	loads.	
	



2) As	a	 results,	On	page	6724,	we	withdraw	 the	 statement,	 ‘In	fact	the	
flexible	 load	used	by	LOADMATCH	 is	more	 than	double	 the	maximum	
possible	value	from	table	1	of	ref.	11’	and	the	statement,	 ‘Indeed,	in	all	
of	 the	 figures	 in	 ref.	 11	 that	 show	 flexible	 load,	 the	 restrictions	
enumerated	 in	 table	 1	 of	 ref.	 11	 are	 not	 satisfied,’	 As	 such,	 we	
withdraw	 the	 claim	 that	 Jacobson	 et	 al.	 (2015)	 made	 a	 modeling	
error	with	respect	to	the	flexible	loads	provided	in	their	Table	1.	

	
3) We	correct	the	caption	to	Figure	3	of	our	paper	to	state	that,	whereas	
the	historical	data	we	provided	are	for	the	U.S.	only,	we	understand	
that	the	data	from	J15	include	44.7	TWh	of	imported	Canadian	hydro.	
Conclusions	in	the	main	text	and	supplementary	information	that	we	
draw	from	this	figure	should	be	adjusted	accordingly.”	

	
4) In	our	Supporting	Information,	we	replace	the	statements,	“This	error	
is	 so	 substantial	 that	 we	 hope	 there	 is	 another	 explanation	 for	 the	
large	amounts	of	hydropower	output	depicted	in	the	figures”	and	“One	
possible	explanation	for	the	errors	in	the	hydroelectric	modeling	is	that	
the	authors	assumed	they	could	build	capacity	hydroelectric	plants	for	
free	within	the	LOADMATCH	model”	with		
	

“We	understand	that	the	reason	for	large	hydropower	discharge	rates	
in	 some	 figures	 of	 J17	 compared	 with	 the	 small	 ‘installed	 capacity’	
listed	 in	 their	 Table	 S2	 is	 because	 J17	 assumed	 that	 turbines	 were	
added	 to	 existing	 dams	 to	 increase	 the	 peak	 discharge	 rate	 of	
hydropower.	 We	 also	 understand	 J17	 neglected	 to	 account	 for	 the	
additional	 cost	 of	 the	 turbines	 or	 to	 state	 in	 the	 text,	 the	 nameplate	
capacity	 of	 those	 additional	 turbines.	 We	 believe	 the	 LOADMATCH	
model	results	are	consistent	with	such	assumptions.	As	such,	we	do	not	
believe	 the	 model	 itself	 contained	 an	 error	 given	 its	 assumptions;	
however,	we	disagree	with	 the	assumption	going	 into	 the	model	 that	
the	 peak	 discharge	 rate	 can	 be	 increased	 to	 such	 a	 degree.	We	 also	
disagree	with	the	presumption	that	the	turbines	will	have	no	cost.”	

	
5) On	page	6727,	we	replace	the	statement,	“From	the	information	given	
by	 ref.	 11,	 it	 is	 clear	 that	 hydroelectric	 power	 and	 flexible	 load	 have	
been	modeled	in	erroneous	ways	and	that	these	errors	alone	invalidate	
the	study	and	its	results”	to	 “From	the	information	given	by	ref.	11,	we	
believe	that	assumption	that	the	hydropower	peak	discharge	rate	can	



be	 increased	 to	 the	 degree	 it	 was	 and	 at	 no	 cost	 is	 unrealistic	 and	
invalidates	the	study’s	results.”	
	

6) Throughout	 the	 text,	 we	 replace	 claims	 of	 “modeling	 error”	 with	
respect	to	hydropower	with	“poor	assumptions”.	
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2/16/19, 7)10 PMKen Caldeira on Twitter: "Yes, I should have realized that when someon…ad is flexible but only 67.66% of the time.… https://t.co/ia2uOq7YEl"
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  1    

Mark Z. Jacobson @mzjacobson · 2h
Just to see whether @KenCaldeira can act in good faith, please tell us, 
@KenCaldeira, does Table 1 of our paper contain avg or max values? You 
claimed max. Will you correct this factually false claim & resulting conclusion in 
PNAS?  If no, your false fact is intentional.
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1 Like

Ken Caldeira 
@KenCaldeira

Replying to @mzjacobson @Revkin and 2 others

Yes, I should have realized that when 
someone writes that 67.66% of the load is 
flexible, they might mean to communicate 
that 100% of the load is flexible but only 
67.66% of the time.
5:31 PM - 16 Feb 2019

Following 
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 Tweet your reply

Mark Z. Jacobson @mzjacobson · 1h
Replying to @KenCaldeira @Revkin and 2 others
Seriously, Ken, you made that up out of thin air. Fig 2C clearly shows that 
flexible and inflexible loads were separated the entire 6y simulation. You owe it 
to the science community to correct your paper of its egregious 
misrepresentation of facts I enumerated @MaryAliceCam
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Subject: Time series data for PNAS 2015 paper
From: Christopher Clack <chrisclack84@gmail.com>
Date: 7/10/17, 9:28 AM
To: Mark Z Jacobson <jacobson@stanford.edu>

Dear Professor Jacobson,

We would like to request the time series for the results that you presented in the PNAS
paper http://www.pnas.org/content/112/49/15060. We would like the 30 second data for
the main case demonstrated throughout that paper. 

We do not request the model LOADMATCH, just the outputs - notably the hydroelectric,
wind, solar, flexible load, hydrogen production, storage charge/discharge (by type), the
different loads that are modeled (heat vs electricity etc.), solar thermal, geothermal, wave,
tidal. Indeed ALL generation, loads, and storage on the 30 second resolution claimed in in
the PNAS paper.

We are happy to download it off an FTP or from online. Or you can send it directly. It states
in the paper that all data is available from you, so that is why I am requesting it.  

Thank you for your cooperation in this request for data from your published paper. 

Best,

Chris

--
Dr Christopher T M Clack

720-668-6873

LinkedIn Profile | Academia Profile | Researchgate Profile | Google Scholar

"As far as the laws of mathematics refer to reality, they are not certain, and as far as they
are certain, they do not refer to reality." - Albert Einstein

Time series data for PNAS 2015 paper
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Alexandria Fisher
@EnviroDevlopmt

Assumptions underlying proposed shift to 100% 
#RenewableEnergy - @clacky007 at #uaenergy17
The Leap Manifesto is dependent on them. #ndpldr

2/31 PM · Sep 21, 2017 · Twitter for Android
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Alexandria Fisher on Twitter: "Assumptions underlying proposed s... https://twitter.com/EnviroDevlopmt/status/910979844522917888
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