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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,	liMle	is	known	about	how	we	can	
control	a	weighted,	directed	network—the	configura0on	most	oSen	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.
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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,	liMle	is	known	about	how	we	can	
control	a	weighted,	directed	network—the	configura0on	most	oSen	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	
ar:cle	
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“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
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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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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 Maffey 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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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

NATURE ASTRONOMY | VOL 4 | SEPTEMBER 2020 | 823–825 | www.nature.com/natureastronomy
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One	last	thing…

Good	conclusions	mirror	the	ques0on	that	was	asked	in	the	
introduc:on	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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Highlight	your	take	home	message		
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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



T.	Dudok	de	Wit Scien0fic	wri0ng	-	2025

Take	home	message:	example

115

Control	is	a	central	issue	in	most	complex	systems,	but	because	a	general	theory	to	explore	
it	in	a	quan:ta:ve	fashion	has	been	lacking,	li^le	is	known	about	how	we	can	control	a	
weighted,	directed	network—the	configura:on	most	o1en	encountered	in	real	systems.	
Indeed,	applying	Kalman’s	controllability	rank	condi:on	(equa:on	(3))	to	large	networks	is	
computa:onally	prohibi:ve,	limi:ng	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	distribu:on,	allows	us	to	
use	the	tools	of	sta:s:cal	physics	to	predict	ND	from	P(kin,	kout)	analy:cally,	offering	a	
general	formalism	with	which	to	explore	the	impact	of	network	topology	on	controllability.	
The	framework	presented	here	raises	a	number	of	ques:ons,	answers	to	which	could	
further	deepen	our	understanding	of	control	in	complex	environments.	For	example,	
although	our	analy:cal	work	focused	on	uncorrelated	networks,	the	algorithmic	method	
we	developed	can	iden:fy	ND	for	arbitrary	networks,	providing	a	framework	in	which	to	
address	the	role	of	correla:ons	systema:cally.	Taken	together,	our	results	indicate	that	
many	aspects	of	controllability	can	be	explored	exactly	and	analy:cally	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	quan:ta:ve	fashion	has	been	lacking,	li^le	is	known	about	how	we	can	control	a	
weighted,	directed	network—the	configura:on	most	o1en	encountered	in	real	systems.	
Indeed,	applying	Kalman’s	controllability	rank	condi:on	(equa:on	(3))	to	large	networks	is	
computa:onally	prohibi:ve,	limi:ng	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	distribu:on,	allows	us	to	
use	the	tools	of	sta:s:cal	physics	to	predict	ND	from	P(kin,	kout)	analy:cally,	offering	a	
general	formalism	with	which	to	explore	the	impact	of	network	topology	on	controllability.	
The	framework	presented	here	raises	a	number	of	ques:ons,	answers	to	which	could	
further	deepen	our	understanding	of	control	in	complex	environments.	For	example,	
although	our	analy:cal	work	focused	on	uncorrelated	networks,	the	algorithmic	method	
we	developed	can	iden:fy	ND	for	arbitrary	networks,	providing	a	framework	in	which	to	
address	the	role	of	correla:ons	systema:cally.	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.
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Supplementary	material	=	everything	that	may	be	useful	to	
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Use	with	modera:on

126



References

127



T.	Dudok	de	Wit Scien0fic	wri0ng	-	2025

References

Your	sources	of	informa:on	must	be	cited	

…but	these	cita:ons	must	be	reliable	
Perennial	
Easy	to	find

128

https://xkcd.com/285/



What is eligible for a citation in a scientiffic article ?

129

book	with	ISBN always

book	without	ISBN no

website	with	date	of	last	visit usually	not

website no

abstract	submi^ed	to	a	conference no,	unless	in	specific	cases,	when	published	in	a	book

peer-reviewed	ar:cle,	not	in	English only	if	necessary

ar:cle	in	mainstream	newspaper no	(there	are	excep:ons	in	humani:es)

proceedings	of	a	conference	(published) no,	unless	in	specific	cases,	when	published	in	a	book

technical	report if	necessary

PhD	thesis if	necessary

submi^ed	(but	not	yet	accepted)	ar:cle no,	use	instead	(Name,	personal	communica:on)

ar:cle	in	prepara:on	(not	yet	submi^ed) never

preprint	in	archive	(e.g.	ArXiV) some	journals	accept	preprints



What is eligible for a citation in a scientiffic article ?

130

book	with	ISBN always

book	without	ISBN no

website	with	date	of	last	visit usually	not

website no

abstract	submi^ed	to	a	conference no,	unless	in	specific	cases,	when	published	in	a	book

peer-reviewed	ar:cle,	not	in	English only	if	necessary

ar:cle	in	mainstream	newspaper no	(there	are	excep:ons	in	humani:es)

proceedings	of	a	conference	(published) no,	unless	in	specific	cases,	when	published	in	a	book

technical	report if	necessary

PhD	thesis if	necessary

submi^ed	(but	not	yet	accepted)	ar:cle no,	use	instead	(Name,	personal	communica:on)

ar:cle	in	prepara:on	(not	yet	submi^ed) never

preprint	in	archive	(e.g.	ArXiV) some	journals	accept	preprints



T.	Dudok	de	Wit Scien0fic	wri0ng	-	2025

How	to	cite	?

Each	journal	has	its	own	rules	

Examples	
Recent	studies	[2]	and...	
Recent	studies	[MacKay	et	al.,	2018]	and...	
Recent	studies	(MacKay	et	al.,	2018)	and...	
Recent	studies	by	MacKay	et	al.	(2018),	and…	

See	for	example	the	Chicago	Manual	of	Style	:		
h^ps://www.chicagomanualofstyle.org/home.html	
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How	to	cite	?

Lists	of	references	are	o1en	full	of	errors	
	
“Sloppy	cita:ons	=	sloppy	wri:ng	=	sloppy	work”	
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Use as much as possible automated tools for collecting 
(ZOTERO…) and displaying (BiBTeX…) references.  

But even these are not devoid of errors
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How	to	cite	?

There	are	excellent	tools	around	(EndNote,	JabRef,	Mendeley,	
BiBDesk…)	for	collec:ng	and	handling	references
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Different	types	of	article	:	choose	the	proper	one

Journal	paper:	presents	final	original	results,	careful	descrip:on	of	
technique	etc.,	refereed	

Special	issue	:	in	general,	following	a	conference.	More	focused,	but	with	
hard	deadlines.	

“LeMer	to	the	Editor”	or	Rapid	communica0on:	short	research	paper	that	
requires	rapid	publica:on	(some:mes	esteemed	higher	than	regular	papers)	
refereed	

Review	paper:	summarises,	evaluates	and	synthesises	results	already	
published	elsewhere.	Generally	on	invita:on	only.	No	descrip:on	of	
personal	achievements.	

Proceedings	paper:	O1en	preliminary	results.	Short,	some:mes	specula:ve		
and	o1en	not	as	important	as	a	journal	paper	

PhD	thesis:	Combina:on	of	above,	but	much	more	challenging	!
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Where	to	publish	?

Criteria	to	take	into	account
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Where	to	publish	?

Criteria	to	take	into	account	

What	is	the	audience	of	the	Journal	?	

In	what	countries	will	the	journal	be	mostly	read	?	

Impact	Factor		

Publica:on	charges	

Quality	of	the	editorial	procedure:	how	many	reviewers	?	

How	long	does	it	take	to	get	the	ar:cle	online	?			

Details:	online	version,	colour	vs	black/white	figures	

…
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Impact	factor

Impact	factor		
=	average	of	cita:ons	per	publica:on	of	the	last	2-3	years	
=	proxy	for	the	rela:ve	importance	of	a	journal	within	its	field	
	
	
	

Usually	provided	by	Scopus	or	by	Web	of	Science	

See:	h^ps://www.scijournal.org
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Impact	factor	:	examples	(2018)

Acta	Geophysica	:	0.9	
Annual	Review	Biochemistry	:	19.9	
Applied	Physics	Le^ers	:	3.4	
Astronomy	&	Astrophysics	:	5.2	
Astrophysical	Journal	:	5.5	
Atmospheric	Research	:	3.8	
Combus:on	and	Flame	:	3.7	
Fuzzy	Sets	and	Systems	:	2.7	
Geophysical	Research	Le^ers	:	4.3	
Int	Journal	Modern	Sciences	and	
Technology	:	0.7	(predatory)	
Int	Journal	Science	and	Nature	:	0.9	
(predatory)	
Interna:onal	Journal	of	Engineering	
Science	:	4.4	

Journal	of	Geophysical	Research	:	3.31	
Journal	of	Hazardous	materials	:	6.6	
Living	Reviews	in	Solar	Physics	:	12.5	
Nature	:	40.1	
Nature	Physics	:	22.8	
Nature	Geoscience	:	13.9	
New	England	Journal	Medicine	:	72.4	
Physical	Review	Le^ers	:	8.4	
Physical	Review	E	:	2.3	
Plasma	Processes	and	Polymers	:	2.8	
Plasma	Sources	Science	and	Tech	:	3.3	
Proc	Nat’l	Academy	Sciences	:	9.6	
Science	:	37.2
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Impact	factor	:	caution	!

Impact	factor	
cannot	be	used	to	compare	across	disciplines	
is	highly	skewed	by	scoops	and	controversial	ar:cles	
is	moderately	correlated	with	the	quality	of	the	results	

High	impact	factor																			High	quality	journal	
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One	last	thing…
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Non-refereed journals   
or low-IF journals  

usually are not considered for 
promotions or for job applications.



When/what to publish ?
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Important	questions	to	ask	yourself	before	writing

What	is	your	topic	of	discussion?	

Why	is	it	important?			

How	is	it	related	to	previous	work	in	the	field?	

What	is	new	or	different	about	your	contribu:on?	
	
	
	

173

Careful planning (before writing) will 
help you save a lot of time.



When to publish ?

What is the best time to write my article ? 
 
When I have collected all my results ? 
When I have the idea ? 
When I have finished analysing all the results ? 
…
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When	to	publish	?
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My study is fully 

completed 

Advantage : results have 
had time to mature 
Advantage : less risk that 
someone else will steal 
my results 
Disadvantage : work may 
never get published, long 
article = extra work

I am still working on my 
study  

Advantage : ideas are still 
fresh + writing may give 
new ideas 
Disadvantage : 
contributes to publication 
infiation, results may turn 
out to be wrong by lack 
of hindsight
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When	to	publish	?

The	best	publica:ons	generally	are	those	which	clearly	
express		
	
one	single,		
simple,	
novel	idea		
in	an	elegant		
and	per0nent	way.
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When	to	publish	?

Focus	on	one	single	and	strong	message	

Avoid	clu^ering	your	message	with	too	many	results
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KISS	=	Keep	it	simple,	stupid	!


