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Milankovitch	proposed	that	Earth	resides	in	an	interglacial	state	when	its	spin	axis	
both	5lts	to	a	high	obliquity	and	precesses	to	align	the	Northern	Hemisphere	
summer	with	Earth’s	nearest	approach	to	the	Sun.	This	general	concept	has	been	
elaborated	into	hypotheses	that	precession,	obliquity	or	combina5ons	of	both	
could	pace	deglacia5ons	during	the	late	Pleistocene.	Earlier	tests	have	shown	that	
obliquity	paces	the	late	Pleistocene	glacial	cycles,	but	have	been	inconclusive	with	
regard	to	precession,	whose	shorter	period	of	about	20,000	years	makes	phasing	
more	sensi5ve	to	5ming	errors.	No	quan5ta5ve	test	has	provided	firm	evidence	
for	a	dual	effect.		
Here	I	show	that	both	obliquity	and	precession	pace	late	Pleistocene	glacial	
cycles.	Deficiencies	in	5me	control	that	have	long	stymied	efforts	to	establish	
orbital	effects	on	deglacia5on	are	overcome	using	a	new	sta5s5cal	test	that	
focuses	on	maxima	in	orbital	forcing.	The	results	are	fully	consistent	with	
Milankovitch’s	proposal	but	also	admit	the	possibility	that	long	Southern	
Hemisphere	summers	contribute	to	deglacia5on.
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Combined obliquity and precession pacing of late
Pleistocene deglaciations
Peter Huybers1

Milankovitch1 proposed that Earth resides in an interglacial state
when its spin axis both tilts to a high obliquity and precesses to
align the Northern Hemisphere summer with Earth’s nearest
approach to the Sun. This general concept has been elaborated into
hypotheses that precession2, obliquity3,4 or combinations of both5–8

could pace deglaciations during the late Pleistocene9,10. Earlier tests
have shown that obliquity paces the late Pleistocene glacial
cycles4,11 but have been inconclusive with regard to precession,
whose shorter period of about 20,000 years makes phasing more
sensitive to timing errors4,11,12. No quantitative test has provided
firm evidence for a dual effect. Here I show that both obliquity and
precession pace late Pleistocene glacial cycles. Deficiencies in time
control that have long stymied efforts to establish orbital effects on
deglaciation are overcome using a new statistical test that focuses
on maxima in orbital forcing. The results are fully consistent with
Milankovitch’s proposal but also admit the possibility that long
Southern Hemisphere summers contribute to deglaciation.

During the late Pleistocene—roughly over the past million years—
Northern Hemisphere continental ice has alternately covered much of
northern North America and Fennoscandia and then retreated to
today’s relatively ice-free conditions at intervals of approximately
100,000 years (100 kyr). The cause of these massive shifts in climate
remains unclear not for lack of models, of which there are now over
thirty2–10,13,14, but for want of means to choose among them. Previous
statistical tests have demonstrated that obliquity paces the ,100-kyr
glacial cycles4,11, helping narrow the list of viable mechanisms, but have
been inconclusive with respect to precession (that is, P . 0.05) because
of small sample sizes and uncertain timing4,11,12.

Whether precession influences the ,100-kyr glacial–interglacial
cycles is not obvious. Precession alters diurnal average insolation
intensity by as much as 30 W m22 on a given day of the year, suggest-
ing a powerful forcing, and its signature clearly appears in proxy
records of temperature and ice volume at ,20-kyr periods2.
However, its insolation anomalies are exactly counterbalanced across
the seasons so that annual insolation at any latitude is independent of
precession15. Furthermore, proxies of early-Pleistocene glaciation
show strong obliquity and little precession variability, indicating that
precession had negligible influence during this next-most-recent
epoch of glaciation16, though see ref. 17 for another view.

Here, I test whether anomalously large combinations of precession
and obliquity forcing combine to determine when deglaciations
occurred during the late Pleistocene. The test involves three steps. The
first is to estimate the timing of terminations, for which I use a composite
d18O record whose chronology is derived by linearly interpolating age
with depth between the last deglaciation and radiometrically dated geo-
magnetic reversals11. Timescale uncertainty over the past million years is
estimated by running a stochastic sediment accumulation rate model11

that also accounts for uncertainties in the alignment of features between
d18O stratigraphies, decompaction of sediment, transport times of d18O
within the ocean, and geomagnetic reversal ages. The age of the
Matuyama–Brunhes geomagnetic reversal was earlier assumed to be
known to within 62 kyr (one standard deviation, 1 s.d.)11, but to

account for uncertainty in the 40K decay constant18,19, it is now
represented as occurring at 780 6 8 kyr (1 s.d.). Terminations are
identified by local maxima in the time rate-of-change of the d18O
record that exceed a value of 0.095% per kyr, giving the usual ter-
mination features20 except that termination 3 contains two parts that
are labelled 3a and 3b (Fig. 1a). (Thresholds ranging between 0.07%
and 0.17% per kyr would give different numbers of terminations but
give similarly significant results.) The average uncertainty in the age of
the 12 identified termination features is 8 kyr (1 s.d.), with older ages
generally being more uncertain.

The second step is to define an insolation forcing function, of which
there are many varieties1,2,16. For present purposes only the relative
shape of the forcing function is needed, and a generic and broadly
representative formulation5 can be adopted:

F t~a1=2et sin vt{wð Þz 1{að Þ1=2et ð1Þ
Here e represents eccentricity, v is the angle from vernal equinox to
perihelion, e is obliquity, subscript ‘t’ indicates time, and w and a are
adjustable parameters that respectively control the phase of precession
and the relative contributions from precession and obliquity. Both
etsin(vt – w) and et are normalized to zero-mean and unit variance such
that F t also has unit variance. Milankovitch1, along with many sub-
sequent authors5–7,9,10,16, called upon anomalies in incoming solar radi-
ation during the Northern Hemisphere summer to determine whether
the Northern Hemisphere is glaciated. Increased insolation intensity
during Northern Hemisphere summer results from greater obliquity
and a phase of precession that brings Earth closer to the Sun during that
season, and can be represented by setting w 5 0u and a 5 0.5. The
resulting structure ofF t (Fig. 1b) shares more than 99% of its variance
in common with both Milankovitch’s caloric summer half-year insola-
tion1 at 65uN and summer energy16 at 65uN when using a threshold of
350 W m22, providing a suitable representation of the hypothesis that
Northern Hemisphere summer insolation controls glaciation.

In the third and final step, forcing maxima inF t that correspond most
closely in time with each termination are compared against forcing
maxima not associated with terminations (Fig. 1b). In particular, the
median value of the non-termination maxima is subtracted from the
median value of the termination maxima, yielding dm 5 0.89. Unlike the
Rayleigh’s R statistic (relied upon for previous tests of orbital influence
upon deglaciation4,11,12,21), timing errors do not affect dm unless they
cause the wrong forcing cycles to be identified. Median values are also
less sensitive to timing errors because outliers generally have no effect.

The significance of dm is assessed within the context of a null
hypothesis H0, that termination timing is independent of F t, and an
alternative hypothesis H1, that terminations tend to occur when the
maxima inF t are anomalously large. For purposes of comparison with
earlier work4, a modified random walk representing ice-volume vari-
ability is adopted for the null hypothesis:

ut~ut{1zgt and if ut§ht then terminate ð2Þ
Ice volume vt accumulates by a random increment gt during each 1-kyr
time step, until a threshold ht is passed, and the termination of all ice is

1Harvard University, Department of Earth and Planetary Sciences, 20 Oxford Street, Cambridge, Massachusetts 02138, USA.
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One	last	thing…

A	5tle	is	much	more	likely	to	a]ract	a]en5on	if	it	starts	with	
the	main	findings	or	consequences	(rather	than	context)	

Search	engines	are	more	likely	to	find	it	if	it	contains	key	
words	(and	not	“New	results	…”)	

Examples	
“The	Laschamp	geomagne5c	excursion	featured	in	nitrate	
record	from	EPICA-Dome	C	ice	core”	
“Excava5ng	Neandertal	and	Denisovan	DNA	from	the	genomes	
of	Melanesian	individuals”	
“Oxida5on	products	of	biogenic	emissions	contribute	to	
nuclea5on	of	atmospheric	par5cles”
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Authors

ABer	the	5tle,	the	names	of	the	authors	are	the	second	item	
people	will	read
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Why	does	the	author/affiliation	list	matter	?

It	tells	the	reader	who	contributed	to	the	study	

It	establishes	the	authority	of	your	work	(affilia5ons,	
ins5tu5ons,	etc)	

It	allows	indexing	your	paper	in	databases	

It	allows	interested	readers	to	contact	you	

It	ma]ers	for	your	funding	agencies
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Who  should appear as co-author ?

1. Those who wrote the text 
2. Those who made the plots 
3. Those who analysed the data, ran the simulations 
4. Those who provided the data 
5. Those who did the !eld work  
6. Those who coordinated the !eld campaign 
7. The engineers and technicians who contributed to the study  
8. The students who worked on the data during an internship 
9. Those who !rst emitted the idea 
10. The team leader 
11. The director of the laboratory 
12. The person who provided the funding
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Who	are	the	authors	?
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AND

AND

Authors	must	meet	all	3	of	the	following	criteria	

1. He/she	has	made	substan0al	contribu5ons	to	the	work	(i.e.	
design	of	the	experiment,	data	analysis,	interpreta5on,	etc.)	

2. He/she	has	contributed	to	wri5ng	the	manuscript	or	to	
revising	it.	
	

3. He/she	has	approved	the	final	version.
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Authors

The	order	of	the	authors	does	maNer	
usually	the	first	ones	are	the	most	important	ones	
but	each	community	has	its	habits	(e.g.	alphabe5cal	order	in	
mathema5cs)	

The	first	author	should	always	be	the	one	who	directed	the	
study	and	coordinated	the	wri5ng
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For you as young scientist it is important to appear as !rst author



Can I change the order of the authors 

while submitting ? 

during the revision ?
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One	last	thing…

If	you	are	the	lead	author,	then	you	are	the	one	who	decides	
and	takes	responsibility		

Return	the	favour	=	asking	a	scien5st	to	be	co-author	when	
you	wish	to	strengthen	a	collabora5on	with	him/her.	
	
Use	with	care	!
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Abstract or Summary ? 

Abstract : summarises the main points without detail. 
Articles start with an abstract. 

Summary : can be more detailed, including !gures, etc. 
Theses include a summary.
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Abstract

Abstract		=		teaser	/	trailer	
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Abstract

Good	abstract	are	

Clear	:	short	sentences,	no	jargon	

Informa0ve	:	explain	what	the	study	is	about,	present	the	main	
outcome	

Complete	:	cover	all	key	aspects	of	the	work	

Self-contained	:	non-experts	must	be	able	to	get	the	idea	

Catchy	and	a]rac5ve	:	to	encourage	people	to	con5nue	reading	

Brief	:	typically	<	200	words	

Include	keywords	:	important	for	search	engines
69
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Abstract

Typical	structure	of	a	good	abstract	(this	may	vary)
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Context

Objectives

Method

Results

Consequences

What are the issues ?

What do I want to achieve ?

How did I proceed ?

What did I obtain ?

What are the impacts and the perspectives ?
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Predicting function-related amino acids in proteins with unknown function or unknown 
allosteric binding sites in drug-targeted proteins is a task of paramount importance in 
molecular biomedicine. In this paper we introduce a simple, light and computationally 
inexpensive structure-based method to identify catalytic sites in enzymes. Our method, 
termed cuto" lensing, is a general procedure consisting in letting the cuto" used to 
build an elastic network model increase to large values. A validation of our method 
against a large database of annotated enzymes shows that optimal values of the cuto" 
exist such that three di"erent structure-based indicators allow one to recover a 
maximum of the known catalytic sites. Interestingly, we !nd that the larger the 
structures the greater the predictive power a"orded by our method. Possible ways to 
combine the three indicators into a single !gure of merit and into a speci!c sequential 
analysis are suggested and discussed with reference to the classic case of HIV-protease. 
Our method could be used as a complement to other sequence- and/or structure-based 
methods to narrow the results of large-scale screenings.

from : Aubailly & Piazza, Sci. Rep. 5 (2015) 14874
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Predicting function-related amino acids in proteins with unknown function or 
unknown allosteric binding sites in drug-targeted proteins is a task of 
paramount importance in molecular biomedicine. In this paper we introduce a 
simple, light and computationally inexpensive structure-based method to 
identify catalytic sites in enzymes. Our method, termed cuto" lensing, is a 
general procedure consisting in letting the cuto" used to build an elastic 
network model increase to large values. A validation of our method against a 
large database of annotated enzymes shows that optimal values of the cuto" 
exist such that three di"erent structure-based indicators allow one to recover a 
maximum of the known catalytic sites. Interestingly, we !nd that the larger the 
structures the greater the predictive power a"orded by our method. Possible 
ways to combine the three indicators into a single !gure of merit and into a 
speci!c sequential analysis are suggested and discussed with reference to the 
classic case of HIV-protease. Our method could be used as a complement to 
other sequence- and/or structure-based methods to narrow the results of large-
scale screenings.

from : Aubailly & Piazza, Sci. Rep. 5 (2015) 14874
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Avoid	in	your	abstract

Acronyms	(excepts	a	few	ones	such	as	UV,	AI,	…)	

Looooooooong	sentences	(especially	for	the	French)	

Cryp5c	sentences	

Lack	of	conciseness	

Repe55ons	/	redundant	informa5on	

Excessive	focus	on	the	methodology	

References	(there	may	be	excep5ons)
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Abstract:	ancient	style
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Abstract:	ancient	style
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Abstract
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Evaluate each single word in your abstract:  
Is it useful, redundant ?  

Is there a better alternative ?
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Beyond	the	abstract

Some	journals	ask	for	addi5onal	material	such	as

77

Key	points	that	summarise	the	main	findings	

focus	on	the	main	outcomes,	NOT	on	what	you	did

Plain	language	summary	for	the	layman	

no	jargon	at	all,	focus	on	societal	impacts	

more	examples	at		
h]ps://publica5ons.agu.org/plain-language-summaries-collec5on/
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Plasma Double Layers at the Boundary Between
Venus and the Solar Wind
D. M. Malaspina1,2 , K. Goodrich3 , R. Livi3 , J. Halekas4 , M. McManus3 , S. Curry3 ,
S. D. Bale3,5 , J. W. Bonnell3 , T. Dudok de Wit6 , K. Goetz7 , P. R. Harvey3 ,
R. J. MacDowall8 , M. Pulupa3 , A. W. Case9 , J. C. Kasper10 , K. E. Korreck9 ,
D. Larson3 , M. L. Stevens9 , and P. Whittlesey3

1Department of Astrophysical and Planetary Sciences, University of Colorado Boulder, Boulder, CO, USA, 2Laboratory
for Atmospheric and Space Physics, University of Colorado Boulder, Boulder, CO, USA, 3Space Sciences Laboratory,
University of California, Berkeley, CA, USA, 4Department of Physics and Astronomy, University of Iowa, Iowa City, IA,
USA, 5Physics Department, University of California, Berkeley, CA, USA, 6LPC2E, CNRS, and University of Orléans,
Orléans, France, 7School of Physics and Astronomy, University of Minnesota, Twin Cities, Minneapolis, MN, USA,
8NASA Goddard Space Flight Center, Greenbelt, MD, USA, 9Harvard-Smithsonian Center for Astrophysics, Cambridge,
MA, USA, 10Climate and Space Sciences and Engineering, University of Michigan, Ann Arbor, MI, USA

Abstract The solar wind is slowed, deflected, and heated as it encounters Venus's induced
magnetosphere. The importance of kinetic plasma processes to these interactions has not been examined
in detail, due to a lack of constraining observations. In this study, kinetic-scale electric field structures are
identified in the Venusian magnetosheath, including plasma double layers. The double layers may be
driven by currents or mixing of inhomogeneous plasmas near the edge of the magnetosheath. Estimated
double-layer spatial scales are consistent with those reported at Earth. Estimated potential drops are
similar to electron temperature gradients across the bow shock. Many double layers are found in few high
cadence data captures, suggesting that their amplitudes are high relative to other magnetosheath plasma
waves. These are the first direct observations of plasma double layers beyond near-Earth space, supporting
the idea that kinetic plasma processes are active in many space plasma environments.

Plain Language Summary Venus has no internally generated magnetic field, yet electric
currents running through its ionized upper atmosphere create magnetic fields that push back against the
flow of the solar wind. These induced fields cause the solar wind to slow and heat as the flow is deflected
around Venus. This work reports observations of very small plasma structures that accelerate particles,
identifiable by their characteristic electric field signatures, at the boundary where the solar wind starts to
be deflected. These small plasma structures observed at Venus have been studied in near-Earth space for
decades but have never before been found near another planet. These structures are known to be important
to the physics of strong electrical currents in space plasmas and the blending of dissimilar plasmas. Their
identification at Venus is a strong demonstration that these small plasma structures are a universal plasma
phenomena, at work in many plasma environments.

1. Introduction
Venus does not have an intrinsic magnetic field. It does have a thick neutral atmosphere that is ionized by
solar photons, forming a conducting ionosphere that supports currents. The time-variable interplanetary
magnetic field (IMF) drives currents in the ionosphere, which induce magnetic fields to oppose those in the
IMF. These induced fields produce a magnetic obstacle to the solar wind, against which the IMF magnetic
field “piles-up” and drapes (Futaana et al., 2017, and references therein).

Venus's induced magnetosphere exhibits structures analogous to those found where the solar wind encoun-
ters magnetized planets, including a bow shock, magnetosheath, and magnetotail. These structures have
significantly different character at Venus than at Earth. At Venus, the upstream bow shock standoff dis-
tance is less than one planetary radius from the surface (e.g., Martinecz et al., 2009). At Earth, it is ∼12
Earth radii. Knudsen et al. (2016) found that, at Venus, transformation of a significant portion of incident
solar wind kinetic energy into ion and electron thermal energy was localized to a thin (100–200 km) layer,

RESEARCH LETTER
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Special Section:
Parker Solar Probe Observations at
Venus: VGA1-2

Key Points:
• Plasma double layers are detected

near the Venusian bow shock
• Multiple double layers are

identified in a small amount of
burst data

• Kinetic processes may help mediate
interaction between the solar wind
and induced magnetospheres
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8NASA Goddard Space Flight Center, Greenbelt, MD, USA, 9Harvard-Smithsonian Center for Astrophysics, Cambridge,
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Abstract The solar wind is slowed, deflected, and heated as it encounters Venus's induced
magnetosphere. The importance of kinetic plasma processes to these interactions has not been examined
in detail, due to a lack of constraining observations. In this study, kinetic-scale electric field structures are
identified in the Venusian magnetosheath, including plasma double layers. The double layers may be
driven by currents or mixing of inhomogeneous plasmas near the edge of the magnetosheath. Estimated
double-layer spatial scales are consistent with those reported at Earth. Estimated potential drops are
similar to electron temperature gradients across the bow shock. Many double layers are found in few high
cadence data captures, suggesting that their amplitudes are high relative to other magnetosheath plasma
waves. These are the first direct observations of plasma double layers beyond near-Earth space, supporting
the idea that kinetic plasma processes are active in many space plasma environments.

Plain Language Summary Venus has no internally generated magnetic field, yet electric
currents running through its ionized upper atmosphere create magnetic fields that push back against the
flow of the solar wind. These induced fields cause the solar wind to slow and heat as the flow is deflected
around Venus. This work reports observations of very small plasma structures that accelerate particles,
identifiable by their characteristic electric field signatures, at the boundary where the solar wind starts to
be deflected. These small plasma structures observed at Venus have been studied in near-Earth space for
decades but have never before been found near another planet. These structures are known to be important
to the physics of strong electrical currents in space plasmas and the blending of dissimilar plasmas. Their
identification at Venus is a strong demonstration that these small plasma structures are a universal plasma
phenomena, at work in many plasma environments.

1. Introduction
Venus does not have an intrinsic magnetic field. It does have a thick neutral atmosphere that is ionized by
solar photons, forming a conducting ionosphere that supports currents. The time-variable interplanetary
magnetic field (IMF) drives currents in the ionosphere, which induce magnetic fields to oppose those in the
IMF. These induced fields produce a magnetic obstacle to the solar wind, against which the IMF magnetic
field “piles-up” and drapes (Futaana et al., 2017, and references therein).

Venus's induced magnetosphere exhibits structures analogous to those found where the solar wind encoun-
ters magnetized planets, including a bow shock, magnetosheath, and magnetotail. These structures have
significantly different character at Venus than at Earth. At Venus, the upstream bow shock standoff dis-
tance is less than one planetary radius from the surface (e.g., Martinecz et al., 2009). At Earth, it is ∼12
Earth radii. Knudsen et al. (2016) found that, at Venus, transformation of a significant portion of incident
solar wind kinetic energy into ion and electron thermal energy was localized to a thin (100–200 km) layer,
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Abstract The solar wind is slowed, deflected, and heated as it encounters Venus's induced
magnetosphere. The importance of kinetic plasma processes to these interactions has not been examined
in detail, due to a lack of constraining observations. In this study, kinetic-scale electric field structures are
identified in the Venusian magnetosheath, including plasma double layers. The double layers may be
driven by currents or mixing of inhomogeneous plasmas near the edge of the magnetosheath. Estimated
double-layer spatial scales are consistent with those reported at Earth. Estimated potential drops are
similar to electron temperature gradients across the bow shock. Many double layers are found in few high
cadence data captures, suggesting that their amplitudes are high relative to other magnetosheath plasma
waves. These are the first direct observations of plasma double layers beyond near-Earth space, supporting
the idea that kinetic plasma processes are active in many space plasma environments.

Plain Language Summary Venus has no internally generated magnetic field, yet electric
currents running through its ionized upper atmosphere create magnetic fields that push back against the
flow of the solar wind. These induced fields cause the solar wind to slow and heat as the flow is deflected
around Venus. This work reports observations of very small plasma structures that accelerate particles,
identifiable by their characteristic electric field signatures, at the boundary where the solar wind starts to
be deflected. These small plasma structures observed at Venus have been studied in near-Earth space for
decades but have never before been found near another planet. These structures are known to be important
to the physics of strong electrical currents in space plasmas and the blending of dissimilar plasmas. Their
identification at Venus is a strong demonstration that these small plasma structures are a universal plasma
phenomena, at work in many plasma environments.

1. Introduction
Venus does not have an intrinsic magnetic field. It does have a thick neutral atmosphere that is ionized by
solar photons, forming a conducting ionosphere that supports currents. The time-variable interplanetary
magnetic field (IMF) drives currents in the ionosphere, which induce magnetic fields to oppose those in the
IMF. These induced fields produce a magnetic obstacle to the solar wind, against which the IMF magnetic
field “piles-up” and drapes (Futaana et al., 2017, and references therein).

Venus's induced magnetosphere exhibits structures analogous to those found where the solar wind encoun-
ters magnetized planets, including a bow shock, magnetosheath, and magnetotail. These structures have
significantly different character at Venus than at Earth. At Venus, the upstream bow shock standoff dis-
tance is less than one planetary radius from the surface (e.g., Martinecz et al., 2009). At Earth, it is ∼12
Earth radii. Knudsen et al. (2016) found that, at Venus, transformation of a significant portion of incident
solar wind kinetic energy into ion and electron thermal energy was localized to a thin (100–200 km) layer,

RESEARCH LETTER
10.1029/2020GL090115

Special Section:
Parker Solar Probe Observations at
Venus: VGA1-2

Key Points:
• Plasma double layers are detected

near the Venusian bow shock
• Multiple double layers are

identified in a small amount of
burst data

• Kinetic processes may help mediate
interaction between the solar wind
and induced magnetospheres

Correspondence to:
D. M. Malaspina,
David.Malaspina@lasp.colorado.edu

Citation:
Malaspina, D. M., Goodrich, K.,
Livi, R., Halekas, J., McManus, M.,
Curry, S., et al. (2020). Plasma double
layers at the boundary between Venus
and the solar wind. Geophysical
Research Letters, 47, e2020GL090115.
https://doi.org/10.1029/2020GL090115

Received 30 JUL 2020
Accepted 3 OCT 2020
Accepted article online 9 OCT 2020

©2020. The Authors.
This is an open access article under the
terms of the Creative Commons
Attribution-NonCommercial-NoDerivs
License, which permits use and
distribution in any medium, provided
the original work is properly cited, the
use is non-commercial and no
modifications or adaptations are made.

MALASPINA ET AL. 1 of 9



T.	Dudok	de	Wit Scien0fic	wri0ng	-	2024

Plain-language	summary:	tips

Think	about	your	audience	(e.g.	journalists,	science-interested	
public).	What	is	their	level	of	science-specific	knowledge?	
What	is	going	to	interest	them	in	your	work?		

Get	rid	of	jargon	

Explain	what	your	study	is	about	

Explain	what	you	found	

Explain	why	this	maNers.	People	are	asking	you	
	“Why	should	I	care	?”

82

from AGU
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When	should	I	write	the	abstract	?

Write	your	abstract	aTer	all	other	parts	have	been	wri]en

83



4. Introduction
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What makes a good introduction ?
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Introduction

Your	introduc5on	is	like	an	opening	

The	tone	and	the	style	are	important.	If	too	dull,	then	the	
reader	may	well	skip	the	ar5cle
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Introduction:	main	points

Start	with	the	big	picture	and	progressively	
narrow	down	the	scope	to	your	topic	

Explain	the	state	of	the	art	and	why	your	
contribu5on	ma]ers	

End	by	clearly	sta5ng	what	problem	you	will	
be	addressing
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Introduction

88

Very IMPORTANT:  
Say explicitly what problem/issue 

you will be addressing

If there is no solution then there 
is no problem either
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Properly	cite	the	literature

Take	5me	to	go	through	the	literature	and	check	who	already	
addressed	your	problem…	
	
Many	authors	ignore	(inten5onally	or	uninten5onally)	what	
others	have	wri]en	before	on	the	same	topic.	
	

Ethical	conduct		
properly	acknowledge	what	others	have	done	before	you		
give	them	credit	in	a	fair	way	(do	not	only	cite	team	members)

89
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Do	not	auto-cite	yourself	excessively

90



Questions

Should the introduction already mention the main results 
(spoiler) ?
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5. Method
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Method

Method	=	how	did	I	proceed	?		
what	data	?	
experimental	protocol	
data	processing	and	management	
working	hypotheses	(be	explicit)	

Traceability	:	other	people	must	be	able	to	replicate	your	
study	

FAIR	:	Findable,	Accessible,	Interoperable,	Reusable

93
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Method

94

Example: the discovery of cold fusion was a major breakthrough 
But no one was able to replicate the work of the discoverers…



6. Results
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Results

Present	all	your	results	clearly	

Highlight	what	is	novel,	unusual,	surprising…	

If	there	are	many	results	:	don’t	try	to	interpret	them	too	
much	before	you	have	provided	the	global	picture	

No	cherry	picking	:	present	what	works	and	what	does	NOT	
work	(or	remains	unexplained)

96
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No	cherry	picking
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Leite’s Culinaria
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No	cherry	picking

98

Cherry picking, suppressing evidence, or the fallacy of incomplete 
evidence is the act of pointing to individual cases or data that seem 
to con!rm a particular position while ignoring a signi!cant portion of 
related and similar cases or data that may contradict that position. 
Cherry picking may be committed intentionally or unintentionally. 
This fallacy is a major problem in public debate.   
                  [Wikipedia, 2021]

Lawrence Solomon (2019)
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Results

Ques0on	:	If	a	study	leads	to	nega0ve	results	(e.g.	the	
expected	effet	was	not	observed),	should	I	nevertheless	
publish	that	?	
	
	
	
	
	
	
	
See	for	example	:	h]ps://www.nega5ve-results.org/		
	
Alas,	very	few	people	publish	nega5ve	results…

99

“Scienti!c !ndings are like an iceberg, it 
"oats with around 10% of published 
discovery above 90% of negative results.” 

https://www.negative-results.org/


7. Discussion
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Discussion

The	discussion	is	the	core	of	your	study	

This	is	where	you	will	provide	your	added	value

101

Highlight what is YOUR original contribution to the issue
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Discussion

Sell	your	results:	highlight	what	is	new	

But	do	not	oversell	:	be	careful	with	“best”,	“first”,	“novel”,	“first	
ever”,	“new	paradigm”,	…	

Put	your	results	in	context:	compare	with	others,	be	honest,	
discuss	what	does	NOT	work

102

Golden rule : Say what you mean, and mean what you say
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Discussion

103

Tell a story : good articles are often structured like a story, 
with a buildup of tension, followed by an unwinding



8. Conclusion
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Conclusion

Conclusion	≠	abstract	!	

Conclusion	=		
Synthesis	of	the	results	
Emphasise	what	progress	has	been	made		
Highlight	the	impacts,	the	larger	implica5ons	
If	relevant,	discuss	perspec0ves	and	new	ways	of	elabora5ng	
on	this	problem
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Conclusion

Many	readers	will	jump	directly	from	the	abstract	to	the	
conclusions.	

The	reader	is	not	supposed	to	have	to	read	the	ar5cle	in	order	
to	understand	the	conclusion

106



What are the main parts in this conclusion ?
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Control	is	a	central	issue	in	most	complex	systems,	but	because	a	general	theory	to	
explore	it	in	a	quan0ta0ve	fashion	has	been	lacking,	liNle	is	known	about	how	we	can	
control	a	weighted,	directed	network—the	configura0on	most	oTen	encountered	in	real	
systems.	Indeed,	applying	Kalman’s	controllability	rank	condi0on	(equa0on	(3))	to	large	
networks	is	computa0onally	prohibi0ve,	limi0ng	previous	work	to	a	few	dozen	nodes	at	
most.	Here	we	have	developed	the	tools	to	address	controllability	for	arbitrary	network	
topologies	and	sizes.	Our	key	finding,	that	ND	is	determined	mainly	by	the	degree	
distribu0on,	allows	us	to	use	the	tools	of	sta0s0cal	physics	to	predict	ND	from	P(kin,	kout)	
analy0cally,	offering	a	general	formalism	with	which	to	explore	the	impact	of	network	
topology	on	controllability.	
The	framework	presented	here	raises	a	number	of	ques0ons,	answers	to	which	could	
further	deepen	our	understanding	of	control	in	complex	environments.	For	example,	
although	our	analy0cal	work	focused	on	uncorrelated	networks,	the	algorithmic	method	
we	developed	can	iden0fy	ND	for	arbitrary	networks,	providing	a	framework	in	which	to	
address	the	role	of	correla0ons	systema0cally.	Taken	together,	our	results	indicate	that	
many	aspects	of	controllability	can	be	explored	exactly	and	analy0cally	for	arbitrary	
networks	if	we	combine	the	tools	of	network	science	and	control	theory,	opening	new	
avenues	to	deepening	our	understanding	of	complex	systems.



Exercise
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Control	is	a	central	issue	in	most	complex	systems,	but	because	a	general	theory	to	
explore	it	in	a	quan0ta0ve	fashion	has	been	lacking,	liNle	is	known	about	how	we	can	
control	a	weighted,	directed	network—the	configura0on	most	oTen	encountered	in	real	
systems.	Indeed,	applying	Kalman’s	controllability	rank	condi0on	(equa0on	(3))	to	large	
networks	is	computa0onally	prohibi0ve,	limi0ng	previous	work	to	a	few	dozen	nodes	at	
most.	Here	we	have	developed	the	tools	to	address	controllability	for	arbitrary	network	
topologies	and	sizes.	Our	key	finding,	that	ND	is	determined	mainly	by	the	degree	
distribu0on,	allows	us	to	use	the	tools	of	sta0s0cal	physics	to	predict	ND	from	P(kin,	kout)	
analy0cally,	offering	a	general	formalism	with	which	to	explore	the	impact	of	network	
topology	on	controllability.	
The	framework	presented	here	raises	a	number	of	ques0ons,	answers	to	which	could	
further	deepen	our	understanding	of	control	in	complex	environments.	For	example,	
although	our	analy0cal	work	focused	on	uncorrelated	networks,	the	algorithmic	method	
we	developed	can	iden0fy	ND	for	arbitrary	networks,	providing	a	framework	in	which	to	
address	the	role	of	correla0ons	systema0cally.	Taken	together,	our	results	indicate	that	
many	aspects	of	controllability	can	be	explored	exactly	and	analy0cally	for	arbitrary	
networks	if	we	combine	the	tools	of	network	science	and	control	theory,	opening	new	
avenues	to	deepening	our	understanding	of	complex	systems.

What are the main parts in this conclusion ?
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Conclusion	:	to	avoid

Avoid	rhetoric	and	personal	statements	
	
	

Avoid	jargon	that	can	be	understood	only	by	reading	the	full	
ar5cle	
	
	
	
	

109

“In the end, this study was enriching because it allowed 
me to discover a laboratory, and also learn how a high-
resolution mass spectrometer works."

“The ZX232 protocol, which we have introduced the 
MVA method for DBAs, outperforms the older ZH127 
protocol for extracting…”
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Alternative	formats

Conclusions	with	bullets	offers	extra	conciseness	and	clarity

110

To summarise, our study reveals that: 
• The intrinsic properties of *** 
• No substitute has be found for *** 
• An enhancement of **** 

Together, these results suggest that ….
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Take	home	message

Not	all	conclusions	need	to	be	structured	:	e.g.	Nature
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The carbon footprint of large astronomy 
meetings
The annual meeting of the European Astronomical Society took place in Lyon, France, in 2019, but in 2020 it was 
held online only due the COVID-19 pandemic. The carbon footprint of the virtual meeting was roughly 3,000 times 
smaller than the face-to-face one, providing encouragement for more ecologically minded conferencing.

Leonard Burtscher, Didier Barret, Abhijeet P. Borkar, Victoria Grinberg, Knud Jahnke, Sarah Kendrew, 
Gina Ma!ey and Mark J. McCaughrean

The scientific evidence that we live 
in a climate emergency calls for 
urgent action1. As a society, we 

are collectively failing to live within our 
environmental boundaries2, with possibly 
catastrophic consequences for human 
civilization1. The time to address these 
issues is now1,3. The United Nations 
Emissions Gap Report from 2019 states that 
each year a global reduction of emissions 
of 7.6% is required to limit the average 
global temperature rise to 1.5 °C (ref. 3) 
— the target that was outlined in the Paris 
Agreement in 2016. At the current rate of 
emissions, we will exceed the ‘carbon budget’ 
to meet this goal within the next eight years4.

While ultimately systemic change is 
required to solve the climate crisis, it is also 
the responsibility of individuals to reduce 
our emissions. This applies in particular 
to astronomers who rely heavily on fossil 
fuel energy for, for example, computation, 
telescope operation and travel5–8. To 
future-proof astronomy, we must recognize 
impending environmental change, financial 
uncertainties and the need for moral 
introspection, which threaten to hinder 
the continuation of the discipline. At the 
same time, the advancement and sharing of 
knowledge in general (and particularly with 
the public) is becoming even more vital as 
we face a global threat.

EWASS 2019 equivalent emissions
Conferences are a vital element of 
astrophysical research and collaboration, 
but the air travel often connected with 
face-to-face conferences is a major source of 
environmental concern. Following last year’s 
annual European Astronomical Society 
(EAS) meeting in Lyon (the European Week 
of Astronomy and Space Science (EWASS) 
2019), we conducted a short survey among 
participants who had agreed to receive such 
communication via e-mail (719 out of 1,240 
attendees) to estimate the current, collective 
carbon emissions generated through travel 

to and from the meeting. In establishing 
this initial estimate as a baseline, it was 
hoped that guidance could be developed 
to reduce future travel-related emissions. 
The anonymous questionnaire was very 
simple and only asked for the participants’ 
origin and final destination and their main 
mode of transport. After two weeks we had 
collected 267 (22% of all participants) valid 
responses.

Just over two thirds of the respondents 
(66.9%) indicated that they arrived in Lyon 
by airplane, 27.8% arrived by train and 
the remaining 5.3% used other means of 
transport such as car, bus, metro, bike or by 
foot. 86.5% returned directly to their origin 
after the conference using the same means of 

transport. Of those who did not, the modal 
split was similar to the inbound journey.

We computed the CO2-equivalent (CO2e) 
emissions associated with every plane or 
train trip using an online travel footprint 
calculator with its default settings, and 
we refer the reader to the accompanying 
paper9 for a discussion on the pitfalls of 
the methods used in these calculations (for 
example, assumptions about the radiative 
forcing index). For car trips, we used Google 
Maps to compute the shortest road distance 
and assumed emissions of 110 g km–1  
(ref. 10). The result of this computation is 
shown in Fig. 1.

The majority of trips (~80%) produced 
CO2e emissions of less than 1,000 kg per 
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Fig. 1 | Histogram of CO2e emissions per trip. The blue histogram corresponds to the left axis, and 
cumulative emissions are shown with the red line and the right axis. Some example destinations are 
indicated for reference. Note that these numbers refer to respondents only (~22% of all participants).
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Take	home	message
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participants’ laptops (~30 W) and the Zoom 
server itself. For the latter we estimate that a 
single 24-core Xeon machine would suffice, 
which consumes approximately 300 W  
of electrical power. The total electrical  
energy consumption for EAS 2020 is then 
1,173 kWh (laptops), 1,263 kWh (network) 
and 15 kWh (Zoom servers) — see Box 1.  
With the CO2e emission intensity for 
electricity generation (240 gCO2e kWh–1;  
ref. 15), we arrive at a total carbon footprint 
for EAS 2020 of 582 kg — roughly the 
emissions of a single return trip by airplane 
from Liverpool to Lyon. Note that this 
estimation does not account for attendees’ 
domestic electricity (for routers, computers, 
lighting, and so on that are assumed to be 
running anyway). 582 kg can therefore be 
seen as a conservative estimate of the added 
emissions of joining EAS 2020 compared to 
working in the  
home office.

The future of conferencing
We conclude that the internet-related 
emissions of EAS 2020 were negligible 
compared to the travel-related emissions 
alone of EWASS 2019. This finding is in 
common with other recent estimates for 
large international conferences, for example, 
a virtual annual meeting of the American 
Geophysical Union (AGU) was calculated to 
emit less than 0.1% of the travel emissions of 
the face-to-face AGU 2019 meeting16.

One approach to cut emissions while 
retaining scientific and social connections 
globally is to ‘attach’ smaller satellite 
meetings to the large annual meetings of the 
respective regional astronomical societies. 
For example, the weeks before and after the 
(Northern Hemisphere) winter American 
Astronomical Society and (Northern 
Hemisphere) summer EAS meetings could 
be used for smaller meetings that are held 
in the vicinity, requiring minimal extra 
travel emissions to join them. A meeting 
schedule could be coordinated globally 
by the International Astronomical Union. 

While such a concept would be the most 
similar to the way meetings were organized 
in pre-COVID-19 times, it would still 
produce a considerable (too large) amount 
of emissions given that intercontinental air 
travel accounts for a large share of travel 
emissions (~50% at EWASS 2019).

A possible solution to retain the social 
‘buzz’ of a large conference while reducing 
emissions to near zero is to hold global 
meetings synchronously at a number 
of regional hubs that can be reached 
by train. To ease train travel, meetings 
could be held in accessible locations (for 
example, near major train stations rather 
than out-of-the-way places) and meeting 
schedules could accommodate train travel 
by starting Monday afternoon and ending 
Friday at noon. This latter restriction may 
fall thanks to an increasing fleet of night 
trains across Europe at least and, in the 
future, short flights that can be powered 
by synthesized fuel or batteries. Such a 
scheme of regional hubs has been tried and 
evaluated as successful by various groups in 
the last year17,18.

Lastly, we also see a possibility to move 
to an entirely online meeting format without 
any (large) physical meetings in the future. 
Such meetings could be held in the ‘nearly 
carbon neutral conferencing’ format19, that 
is, essentially with pre-recorded talks and 
live discussion sessions, to minimize the 
time where everyone needs to be online 
simultaneously, and therefore allow global 
collaboration across many time-zones.

The emerging picture is that there is 
a real opportunity for future meetings to 
adopt practices that provide a range of 
attendance possibilities for participants, 
which promote a more sustainable, accessible 
and diverse meeting concept for the growing 
international community. While discussions 
are ongoing regarding the future of meetings, 
we expect that the post-COVID-19 future 
will hold a mix of purely virtual conferences, 
next to hybrid meetings where some 
participants join in person and others use a 

video connection. EAS 2021 is planned to be 
held in this way. ❐
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Box 1 | Estimation of carbon emissions of EAS 2020

Network-related emissions
5 days × 80% participation per day × 1,777 participants × 5.5 hours online per day ×  
1.2 Mbps × 3,600 s h–1 × 1/8 byte bit–1 × 1/1,024 GB MB–1 × 0.06 kWh GB–1  
× 0.24 kg kWh–1 = 297 kgCO2e

Laptop-related emissions
5 days × 80% participation per day × 1,777 participants × 5.5 hours online per day ×  
30 W × 1/1,000 kW W–1 × 0.24 kg kWh–1 = 281 kgCO2e

Zoom-server related emissions
5 days × 10 hours per day × 300 W × 1/1,000 kW W–1 × 0.24 kg kWh–1 = 3.6 kgCO2e
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T.	Dudok	de	Wit Scien0fic	wri0ng	-	2024

One	last	thing…

Good	conclusions	mirror	the	ques0on	that	was	asked	in	the	
introduc5on	and	clearly	show	what	progress	has	been	made	
Where	did	we	start	from	?	
What	did	we	achieve	?	
What	should	the	next	steps	be	?
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Take	home	message

Highlight	your	take	home	message		

114

If the reader had to remember one single sentence, 
what should it be ?  

 
YOU should decide what matters rather than let 

the reader guess it
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Take	home	message:	example

115

Control	is	a	central	issue	in	most	complex	systems,	but	because	a	general	theory	to	explore	
it	in	a	quan5ta5ve	fashion	has	been	lacking,	li]le	is	known	about	how	we	can	control	a	
weighted,	directed	network—the	configura5on	most	oBen	encountered	in	real	systems.	
Indeed,	applying	Kalman’s	controllability	rank	condi5on	(equa5on	(3))	to	large	networks	is	
computa5onally	prohibi5ve,	limi5ng	previous	work	to	a	few	dozen	nodes	at	most.	Here	we	
have	developed	the	tools	to	address	controllability	for	arbitrary	network	topologies	and	
sizes.	Our	key	finding,	that	ND	is	determined	mainly	by	the	degree	distribu5on,	allows	us	to	
use	the	tools	of	sta5s5cal	physics	to	predict	ND	from	P(kin,	kout)	analy5cally,	offering	a	
general	formalism	with	which	to	explore	the	impact	of	network	topology	on	controllability.	
The	framework	presented	here	raises	a	number	of	ques5ons,	answers	to	which	could	
further	deepen	our	understanding	of	control	in	complex	environments.	For	example,	
although	our	analy5cal	work	focused	on	uncorrelated	networks,	the	algorithmic	method	
we	developed	can	iden5fy	ND	for	arbitrary	networks,	providing	a	framework	in	which	to	
address	the	role	of	correla5ons	systema5cally.	Taken	together,	our	results	indicate	that	
many	aspects	of	controllability	can	be	explored	exactly	and	analy5cally	for	arbitrary	
networks	if	we	combine	the	tools	of	network	science	and	control	theory,	opening	new	
avenues	to	deepening	our	understanding	of	complex	systems.
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Control	is	a	central	issue	in	most	complex	systems,	but	because	a	general	theory	to	explore	
it	in	a	quan5ta5ve	fashion	has	been	lacking,	li]le	is	known	about	how	we	can	control	a	
weighted,	directed	network—the	configura5on	most	oBen	encountered	in	real	systems.	
Indeed,	applying	Kalman’s	controllability	rank	condi5on	(equa5on	(3))	to	large	networks	is	
computa5onally	prohibi5ve,	limi5ng	previous	work	to	a	few	dozen	nodes	at	most.	Here	we	
have	developed	the	tools	to	address	controllability	for	arbitrary	network	topologies	and	
sizes.	Our	key	finding,	that	ND	is	determined	mainly	by	the	degree	distribu5on,	allows	us	to	
use	the	tools	of	sta5s5cal	physics	to	predict	ND	from	P(kin,	kout)	analy5cally,	offering	a	
general	formalism	with	which	to	explore	the	impact	of	network	topology	on	controllability.	
The	framework	presented	here	raises	a	number	of	ques5ons,	answers	to	which	could	
further	deepen	our	understanding	of	control	in	complex	environments.	For	example,	
although	our	analy5cal	work	focused	on	uncorrelated	networks,	the	algorithmic	method	
we	developed	can	iden5fy	ND	for	arbitrary	networks,	providing	a	framework	in	which	to	
address	the	role	of	correla5ons	systema5cally.	Taken	together,	our	results	indicate	that	
many	aspects	of	controllability	can	be	explored	exactly	and	analy0cally	for	arbitrary	
networks	if	we	combine	the	tools	of	network	science	and	control	theory,	opening	new	
avenues	to	deepening	our	understanding	of	complex	systems.


