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Reproducibility - a big problem?

Replicability refers to coming to similar conclusions based on an
independent experiment.

Reproducibility refers to achieving exactly the same results (e.g.
tables, figures) as reported in the paper by using the same source
code and data.

Replicability & reproducibility are essential for scientific work.



Reproducibility - a big problem?

Ran several studies that showed
® geoscientific papers
rarely contain materials
e even with available materials,
reproduction not always possible
® reproducibility requires
: extensive effort
el e output often different from the
% results in the paper

20.5-21.5ka

Konkol et al. (2018): Computational reproducibility in geoscientific papers:
Insights from a series of studies with geoscientists and a reproduction study.


https://doi.org/10.1080/13658816.2018.1508687

Baker (2016): 1500 lift the lid on reproducibility.

Reproducibility - a big problem?

IS THERE A REPRODUCIBILITY CRISIS?

7% 52%
Don't know Yes, a significant crisis
3%
No, there is no
crisis

1,976

researchers
surveyed

38%
Yes, a slight
crisis

WHAT FACTORS CONTRIBUTE TO
IRREPRODUCIBLE RESEARCH?

Many top-rated factors relate to intense competition
and time pressure.

® Always/often contribute Sometimes contribute

Selective reporting

Pressure to publish
Low statistical power
or poor analysis

Not replicated enough
in original lab

Insufficient
oversight/mentoring

Methods, code unavailable

Poor experimental design

Raw data not available
from original lab

Fraud

Insufficient peer review
Problems with
reproduction efforts

Technical expertise required
for reproduction

Variability of
standard reagents

Bad luck




02r project

First phase:

® Two-year project, 3 RAs, came to an end recently
e follow-up proposal 02r2 accepted

e Collaboration between ULB, ifgi, and publishers

Goals:

e I|dentify key barriers to working reproducibly

® Design and evaluate ways to overcome these barriers

e Develop approach to reap the benefits of reproducible research
e Implement platform that realises approach and test it



02r project - basic ideas

® Provide way to easily publish data, analysis, and paper together
® |[ntegrate this with existing publication procedures
® |nvestigate potential incentives for publishing reproducibly

Core concept: Executable Research Compendium (ERC)

® Replaces traditional paper/article and includes all relevant info
® Paves the way for new possibilities that empower authors and
readers



Executable Research Compendia (ERC)

Executable
Research
Compendium

anuary17/nuest/01nuest.html

documentation

Data:
- Ideally as raw data
- Included as a file
- Open access

Konkol et al. (2017): Opening the publication process with executable

research compendia.


http://www.dlib.org/dlib/january17/nuest/01nuest.html

Executable Research Compendia (ERC)

Executable
Research
Compendium

;

g¢ documentation

Wl |Software: 7

FE - Code scripts ~ [Fm8 software Data:
g ; docker

g

- Ideally as raw data
- Included as a file
- Open access

E - Open source
£ - One-click reproduce



http://www.dlib.org/dlib/january17/nuest/01nuest.html

Executable
Research
Compendium

ib/january17/nuest/01nuest.html

‘ documentation I
I software \
‘ data I

Software:

- Code scripts
- Open source
- One-click reproduce

Konkol et al. (2017): Opening the publication process with executable

research compendia.

Documentation:
| - Article

| - Instructions
| - Metadata

Data:
- Ideally as raw data
- Included as a file
- Open access


http://www.dlib.org/dlib/january17/nuest/01nuest.html

I Ul bindings: :

Linking components
Integrate Ul
widgets

No programming

Software:

- Code scripts
- Open source Rad

- One-click reproduce

Executable
Research
Compendium

I Ul bindings \

‘ documentation I
I software \
‘ data I

Documentation:
| - Article

| - Instructions
| - Metadata

Data:
- Ideally as raw data
- Included as a file
- Open access


http://www.dlib.org/dlib/january17/nuest/01nuest.html

c
[
Q
o
C
2]
(0]
)
3
D
i
©
S
o
Q
£
[]
o
°
2
©
o
2]
b
(o]
c
S
el
(0]
£
£
©
X
(O]
<
<
Q.
(0]
?
c
—~
[ce}
©
o
N
S
]
s
(0]
o
X
c
o
X

/10.1080/15230406.2018.1512421

reproducible research. https://doi.or:

Extended workflow for readers

|— Traditional steps

|_ New steps
Step back

Inspection

Discovery

Substitution

Manipulation

Understanding



https://doi.org/10.1080/15230406.2018.1512421

K Bindings
3

Bindings connect those parts of the R script and data subsets
that were used to compute a specific computational result
reported in a scientific paper.

Figure 3: Example of INSYDE damage functions considering the following event variables: flow velocity = 2
24 h. sediment concentration = ©.05. and water quality = presence of pollutants. Damage functions for ent
building components.
r. echo=FALSE results="hide message=FALSE warning=FALSE, comment=FALSE. warning=FALSE Instructions
par(mar = c(5, 4.2, 4, 4.5))

plot(he, modelOutput$absDamage. type = "1". lwd = 2. ylim = c(0, max(modelOutput$absDamage) * 1.12). xlab STEP 1: Select a figure

lines(he. modelOutput$groupDamage[. "dmg
lines(he. modelOutput$groupDamage[. "dmgRemoval”l, lwd = 2, col = "blue4d” Figure 3
lines(he. modelOutput$groupDamage[. "dmg

lines(he, modelOutput$groupDamage[., "dmgStructural"]l., 1lwd = 2, col = "firebrickl”

CleanUp"]l, 1wd 2, col = "green4") Select figure

NonStructural”]l, 1wd = 2, col = "darkorange")
lines(he, modelOutput$groupDamage(. "dmgFinishing”], lwd = col = "gold2" STEP 2: Mark the code lines for Figure 3
lines(he, modelOutput$groupDamage[. "dmgSystems"], lwd = 2, col = "greenl")

X)) & &
par (new = TRUE)
plot (he, modelOutput$relDamage. type = "1". lwd = 2. axes = FALSE, ylim = c(@. max(modelOutputSrelDamage)
axis(side = 4
mtext(side = 4. line 3, "Relative damage"
legend("topleft"., bg "white", c("damage total","cleanup","removal","non structural”,"structural","finisl

Konkol et al. (2018). Creating interactive scientific publications using



https://doi.org/10.31223/osf.io/jtd8c

Konkol et al. (2018). Creating interactive scientific publications using

Bindings

Bindings connect those parts of the R script and data subsets
that were used to compute a specific computational result
reported in a scientific paper.

1 variab

he <- seq(®, 5. 0.01 # water depth (m)
<- 2.0 velocity (m/s)
- 0.05 sediment concentration (-)
- 24 # od duration
1 ty (pre e of pollutants)

sure variables

Geometry

nal Perimeter (m)

(m)

Ground floor / (m)

# Number

1- Detached, 2- Semi ched, 3- rtment house
ucture: 1- Reinfo e M y. 3- Wood

1- Centralized,

STEP 3: Mark the parameter that should be manipulated

Selected parameter: v with the value 2

/

STEP 4: Configure a Ul widget for parameter v
2 Widget
Slider

Enter minimum value for variable

0.1

Enter maximum value for variable

3.5

Enter step size for variable

0.1

Enter a label
Changing the velocity parameter affects damage calc.

) (v



https://doi.org/10.31223/osf.io/jtd8c
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Konkol et al. (2018). Creat

bindings.

Bindings

Bindings connect those parts of the R script and data subsets
that were used to compute a specific computational result
reported in a scientific paper.

main.html CHEC! > MANIPULATE SUBSTITUTE

and therefore it can be applied in different geographical contexts and adapted to the actual knowledge of hazard
and vulnerability variables. The model has been tested in a recent flood event in northern Italy. Validation results
provided good estimates of post-event damages, with similar or superior performances when compared with

other damage models available in the literature. In addition, a local sensitivity analysis was performed in order to
identify the hazard variables that have more influence on damage assessment results. You can change the original parametes ithin the range 0.1 - 3.5

Figure 3: Example of INSYDE damage functions considering the following event variables]flow velocity = 2.0 m/s] flood
duration = 24 h, sediment concentration = 0.05, and water quality = presence of pollutants. Damage functions for entire
building and different building components.

FIGURE 3

B Building damage
Building damage

damage total
damage total cleanup

removal
cleanup
removal non structural

structural
non structural finishing+WD

structural systems
finishing+WD
systems

pOoEEoEEnm

Damage (€)

Relative damage

Damage (€)
Relative damage

0 20000

Water depth (m)

Figure 3: Changing the velocity parameter affects damage calculation.
Water depth (m)

INSPECT CODE AND DATA


https://doi.org/10.31223/osf.io/jtd8c

ERCs vs. current practice (PDFs)

ERCs offer

® one-click reproduce

® open everything

® new opportunities for re-use
® new interaction possibilities

But:
e How to integrate ERCs in existing scientific processes?

Therefore: Need to think further than “just” defining and
implementing ERCs



Konkol et al. (2017): Opening the publication process with executable

research compendia. http://www.dlib.org/dlib/january17/nuest/01nuest.html

Research «

prepare

add metadata
generate reference
results
convert/clean data
convertfclean
analysis procedure
specily licenses
specify Ul bindings

(parameters, tables,

figures)

Publication Process

validate

check metadata
check execution
compare results
from execution to
reference results
check Ul bindings

* human inspection in
different contexts:
« self-publication
* peer-review
« library check
» confirm validation
oulcomes
* examine content

ERC-based publication process

one-click reproduce
interact and query
(change parameters,
visualisations, etc.)
discover &compare
re-use components
(data, analysis, etc.)

=

assign DOI(s)/URI(s})
make accessible
« for download
* ane-click repro.
*+ via specific
platforms/
[ormals
store
archive
make discoverable

publish



http://www.dlib.org/dlib/january17/nuest/01nuest.html

opening reproducible research Il

’l"' Wyare.
Q /’

Second phase:
® 2.5-year project, 2 RAs
e Collaboration between ULB, ifgi and publishers BRI

Open Access Publisher

Goal 1
® Pilot applications
o collaboration with journals
o implementation of Ul and the repro. services ELSEVIER
o Self-hosted pilot
m Open journal system plugin
m Host OJS instance
m ERC @ education




Q /

Goal 2
e Eliminate barriers
o creating bindings
o robust Ul
o Update specification and documentation

Goal 3
e Evaluation
o technology: stress tests, monitoring
o user study about the understanding of ERCs
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Upload ERC

Select a file or drag and drop it into area!

[res=ssssessssa————
1
1

Click
or
Drag 'n Drop

e — |

CANCEL

WESTFALISCHE

WILHELMS-UNIVERSITAT
MUNSTER

Open File
Recent
Home.
Desktop
Documents.
Downloads
Music
Pictures

Videos

privat

SAMSUNG A...

git
20160RR
o2rdata

ownCloud

Other Locations

DISCOVER ERC

4 fYdaniel qit o2r ercexamples workspaces b

Name

[ Aquestiondrivenprocess
Aspacetimemodel
workspace-ping
workspace-ping-bad
warkspace-md-data
workspace-rmd-data-other
workspace-rmd-data-random
workspace-md-data_wrong-displayfile
Aquestiondrivenprocess.zip

d Aspacetimemodel
minimal-rmd.zip
minimalscript.zip
workspace-ping.zip
workspace-ping-bad.zip
workspace-rmd-data zip
workspace-rmd-data-otherzip
workspace-rmd-data-random.zip
workspace-rmd-data_wrong-displayfil

CHRIS NIX | @ orcid.org/0000-0001-6523-2935

)7

LoGouT

29.0MB
27.2MB

ifgi
Institute for Geoinformatics
University of Miinster

Modified
17:09

9 Nov 2017
15:26
17:36

11:42
Yesterday
Yesterday
17:09
8Nov 2017

233.0kB  230ct 2017

26kB

230ct 2017

557bytes 1526
ss2bytes 17:35
2197kB 1648
2194k8  11:22
2340kB 9 Nov 2017
2194kB  Yesterday

Cancel
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—— M UNSTER

DISCOVERERC ~ CHRIS NIX | ® orcid.org/0000-0001-652: LOGOUT

ASHIPTO ..
display.html - CHECK INSPECT MANIPULATE SUBSTITUTE
main.Rmd
p y . e p %* title: "Capacity of container ships in seaborne to 2016 (in
1980 to 2016 (in million dwt) Sitner
Daniel Niist - name Daniel Niist"
affiliation: o2r team
2017 date: "2017"
output: html_document
abstract: |
Capacity of container ships in seaborne trade of the world container shi
keywords
P— - container
= :
& ship
- trade
2 | statistic
2 T doi: http dx.doi.org/10.5555/666655554444 Il
S
> g
8 s data.csv
"year" "capacity”
3 - "1980" 1
|:| "1985" 20
l:l "1990" 26
o ) ==l R I | e =
1980 1985 1990 1995 2000 2005 2010 2014 2015 2016 "2000" 64
"2005" 98
© Statista 2017 "2010" 169
"2014" 216
This statistic portrays the capacity of the world container ship fleet from 1980 through 2016. In 2016, the "2015" 228
world merchant container ship fleet had a capacity of around 244 million metric tons deadweight. As of "2016" 244

January 2016, there were 5,239 container ships in the world’s merchant fleet (source).

Sources: UNCTAD; Clarkson Research Services, via statista.
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02l

Dockerfile —
BACKTOPAPER —

¥ DOWNLOAD ERC

WV Lerc
B erc_spec.pdf
9 metadata_o2r.json
19 metadata_raw.json
& metadata_zenodo.json
1] metadata_zenodo_sandbox.json
k package_slip.json

FROM rocker/r-ver:3.4.3

LABEL maintainer="o2r
RUN export DEBIAN_FRONTEND=noninteractive; apt-get -y update \
&% apt-get install -y git-core \

pandoc \

i Dockerfile

b data.csv pandoc-citeproc

k& display.html RUN ["install2.r", "backports", "digest", "evaluate", "htmltools", "knitr", "m
I erc.yml WORKDIR /tmp/o2r/job/XdTzg/

ks main.Rmd CMD ["R", "--vanilla", "-e", "rmarkdown::render (input = \"/erc/main.Rmd\", out

< »




02l

Check Results

Original File

Capacity of container ships
in seaborne trade from
1980 to 2016 (in million
dwt)*

Daniel Niist

Srinep

Capacity of container ships in seaborne trade of the world container
ship fleet.

EDDDDD

1980 1985 1990 1995 2000 2005 2010 2014 2015 2016
(c) Statista 2017

This statistic portrays the capacity of the world
container ship fleet from 1980 through 2016. In 2016,

Reproduced File

Capacity of container ships
in seaborne trade from
1980 to 2016 (in million
dwt)*

Daniel Nist
o2r team
2017
Abstract

Capacity of container ships in seaborne trade of the world container
ship fleet.

:DDDDD

1980 1985 1990 1995 2000 2005 2010 2014 2015 2016

(c) Statista 2017

This statistic portrays the capacity of the world
container ship fleet from 1980 through 2016. In 2016,

= ‘ ifgi
——J WESTFALISCHE Institute for Geoinformatics

WILHELMS-UNIVERSITAT University of Miinster

—— M UNSTER

DISCOVERERC  CHRIS NIX | ® orcid.org/0000-0001-6523-2935 LoGouT

Differences

Capacity of container ships
in seaborne trade from
1980 to 2016 (in million
dwt)*

Daniel Niist

i

Abstract

Capacity of container ships in seaborne trade of the world container
ship fleet.

:DDDDD

1980 1985 1990 1995 2000 2005 2010 2014 2015 2016
(c) Statista 2017

This statistic portrays the capacity of the world
container ship fleet from 1980 through 2016. In 2016,
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DISCOVERERC  CHRIS NIX | .orc|d.org/0000~ouo1»6523~2935 LoGouT

A SHIPTO..

display.html CHECK INSPECT MANIPULATE SUBSTITUTE

RUN ANALYSIS Q JOB (RAW) ERC (RAW)
Capacity of container ships in seaborne
trade from 1980 to 2016 (in million dwt)*

Daniel Niist

Last finished analysis

Running regular cleanup

i with tag erc:Iee4f: [{"Untagged":"erc:Iee4f"},{"Dele

02r team CleaHUp success o/ gnneleted :Zggg:58f80c6657d363b805c956344f4b01609&940ddb6159f5€

{"Deleted": "sha256+ DUTUTCU  CCiipuUT o
2017 Deleted temporary p|

Abstract check failure X Check failed failure X Check failed

Capacity of container ships in seaborne trade of the world container ship fleet. [started image execf ___
R version 3.4.3 (20|

redistribute it Le=semndd smoes
R packages in publications. Type 'demo()' for some demos, 'help()
> rmarkdown: : render(input = "/erc/main.Rmd", output format = rmark
processing file: main.Rmd
| ee] |
ordinary text without R code 11 | et ] S5O ) —
. label: plot (with options)
Image List of 1
— execute SUCCESS /' 5 echo: logi FALSE
=] )T st NN LT NI L JN 11 TH
8 inline R code fragments
output file: main.knit.md
/usr/bin/pandoc +RTS -K512m -RTS main.utf8.md --to html --from mar
o section-divs --template /usr/local/lib/R/site-library/rmarkdown/rn
0 = variable 'mathjax-url:https://mathjax.rstudio.com/latest/Mathlax.j
Output created: /erc/display.html
>

o [finished image execution]
2 ] Step 1/6 : FROM rocker/r-ver:3.4.3

---> 933de9d8cc93

Step 2/6 : LABEL maintainer "o2r <http://o2r.info>"
---> Running in 9986044e14b2

---> 68d293c25b60

Removing intermediate container 9986044el4b2
Step 3/6 : RUN export DEBIAN FRONTEND=noninteractive; apt-get -y u
\:] I:] ---> Running in be3915e6711b
— Ign:1 http://deb.debian.org/debian stretch InRelease

capacity

50
I

o 4 L—1 S S

1
Get:2 http://security.debian.org stretch/updates InRelease [63.0 k
2015 2005 2000 2016 2014 1980 1985 1995 2010 1990 Get:3 http://deb.debian.org/debian stretch-updates InRelease [91.€
Get:4 http://deb.debian.org/debian stretch Release [118 kB]
Get:5 http://deb.debian.org/debian stretch Release.gpg [2,434 B]
Get:6 http://deb.debian.org/debian stretch-updates/main amd64 Pack
7 http://security.debian.org stretch/updates/main amd64 Packag
8

(c) Statista 2017 Get:
. Get:

htto://deb.debian.ora/debian stretch/main amd64 Packaaes l9>4'

Thie ctatictic nartrave tha aanacibiaf tha warld aantainar chin flant fram 1020 thrauah 2018
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(’? r DISCOVER ERC CHRIS NIX | @orcld.orglouuu—uuul'652372935 LOGOUT
fou

Check Results

million dwt)*
Daniel Niist
02r team
2017
Abstract

Capacity of container ships in seaborne trade of the world
container ship fleet.

DD =

2015 2005 2000 2016 2014 1980 1985 1995 2010 1990

(¢) Statista 2017

This statistic portrays the capacity of the world
container ship fleet from 1980 through 2016.
In 2016, the world merchant container ship
fleet had a capacity of around 244 million
metric tons deadweight. As of January 2016,
there were 5,239 container ships in the world’s
merchant fleet (source).

Sources: UNCTAD; Clarkson Research Services, via statista.

PN N O PPN WOV

million dwt)*

Daniel Niist
o2r team
2017
Abstract

Capacity of container ships in seaborne trade of the world
container ship fleet.

]
8

8

= DD D:.D

1985 2014 2010 2005 1990 2015 2000 1980 1995 2016

(¢) Statista 2017

This statistic portrays the capacity of the world
container ship fleet from 1980 through 2016.
In 2016, the world merchant container ship
fleet had a capacity of around 244 million
metric tons deadweight. As of January 2016,
there were 5,239 container ships in the world's
merchant fleet (source).

Sources: UNCTAD; Clarkson Research Services, via statista.

million dwt)*
Daniel Niist
o2r team
2017
Abstract

Capacity of container ships in seaborne trade of the world
container ship fleet.

This statistic portrays the capacity of the world
container ship fleet from 1980 through 2016.
In 2016, the world merchant container ship
fleet had a capacity of around 244 million
metric tons deadweight. As of January 2016,
there were 5,239 container ships in the world’s
merchant fleet (source).

Sources: UNCTAD; Clarkson Research Services, via statista.
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DISCOVER ERC CHRIS NIX | .om\d.org/ﬂoon-oﬂm-5523~2935 LoGouT

A SHIPTO..
main.html - CHECK INS MANIPULATE SUBSTITUTE
and therefore it can be applied in different geographical contexts and adapted to the actual knowledge of hazard a
and vulnerability variables. The model has been tested in a recent flood event in northern Italy. Validation results FIGURE 3
provided good estimates of post-event damages, with similar or superior performances when compared with
other damage models available in the literature. In addition, a local sensitivity analysis was performed in order to
identify the hazard variables that have more influence on damage assessment results. You can change the original parameteithin the range 0.1 - 3.5

Figure 3: Example of INSYDE damage functions considering the following event variables]flow velot m/s| flood
duration = 24 h, sediment concentration = 0.05, and water quality = presence of pollutants. Damage functions for entire
building and different building components.

Building damage Building damage
0
B damage total G
W damage total : f:;’g\:‘apl
-| B cleany =
] removap; F 3 % non structural F 3
8 = < || ® structural
S - non structural 3 || & finishing+wD &
S | W structural | < [ @ systems e g
O finishing+WD s g o N = 3
[ - @ systems g g 2
g o g HES ry s
s 9 o s [ &
E S 2 g &
s 3 £
Q 5 | —
_ [« _J_/—’_,— -2
— ——
o 8 L o
I=3 + H F S
8 T g T T T T T
< Sadd
0 1 2 3 4 5
° g

T T T T T T Water depth (m)

Figure 3: Changing the velocity parameter affects damage calculation.
Water depth (m)

INSPECT CODE AND DATA
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base ERC: overlay ERC:

C ity of iner ships in seaborne trade from 1980 to 2016 (in million dwt)* Better capacity of container ships in seaborne trade from 1980 to 2016 (in million dwt)*

data.csv ~ data.csv ~

® keep metadata of base ERC
QO extract metadata of new ERC

O extract and merge metadata for new ERC

CANCEL START SUBSTITUTION
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Compare Files

Base File / Overlay File /
"year","capacity" "year","capacity"
#9808 11 "1980",11
$1985=720 *1.9851,26,
"1990",26 "1990",26
"1995",44 "1995",44
"2000",64 "2000",64
"2005",98 "2005",98
"2010",169 "2010",142
"2014",216 "2014",217
U257 28 120155229,
"2016",244 "2016",245

° SAVE EDIT
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DISCOVER ERC CHRIS NIX | @ orcid.org/0000-0001-6523-2935 LoGouT

- BASE OVERLAY Q ,Q: SHIPTO ...

erc.yml — CHECK INSPECT MANIPULATE SUBSTITUTE
BACK TO PAPER =

RUN ANALYSIS Q JOB (RAW)  ERC (RAW)

id: gotlG
spec_version: '1'
main: main.Rmd
display: display.html

Last finished analysis

No analysis finished yet.

execution: Last started analysis
cmd: >-
'docker run -it --rm --volume $(pwd):/erc --volume No currently running analysis.

$(pwd) /overlay_data.csv:/erc/data.csv:ro erc:ShaBZ'
bind_mounts:
- type: bind
source: "'
destination: /erc
readonly: true
- type: bind
source: overlay_data.csv
destination: /erc/data.csv
readonly: true
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()? r DISCOVERERC  CHRIS NIX | @oreid.org/0000-0001-6523-2935 LOGOUT
=

Check Results

e
Daniel Niist
o2r team
2017
Abstract

Capacity of container ships in seaborne trade of the world
container ship fleet.

:DDDDDH

1980 1985 1990 1995 2000 2005 2010 2014 2015 2016

(c) Statista 2017

This statistic portrays the capacity of the world
container ship fleet from 1980 through 2016.
In 2016, the world merchant container ship
fleet had a capacity of around 244 million
metric tons deadweight. As of January 2016,
there were 5,239 container ships in the world’s
merchant fleet (source).

Sources: UNCTAD; Clarkson Research Services, via statista.

o2r team
2017
Abstract

Capacity of container ships in seaborne trade of the world
container ship fleet.

EDDDDD

1980 1985 1990 1995 2000 2005 2010 2014 2015 2016

(c) Statista 2017

This statistic portrays the capacity of the world
container ship fleet from 1980 through 2016.
In 2016, the world merchant container ship
fleet had a capacity of around 244 million
metric tons deadweight. As of January 2016,
there were 5,239 container ships in the world’s
merchant fleet (source).

Sources: UNCTAD; Clarkson Research Services, via statista.

Daniel Nust
o2r team
2017
Abstract

Capacity of container ships in seaborne trade of the world
container ship fleet.

This statistic portrays the capacity of the world
container ship fleet from 1980 through 2016.

In 2016, the world merchant container ship
fleet had a capacity of around 244 million
metric tons deadweight. As of January 2016,
there were 5,239 container ships in the world’s
merchant fleet (source).

Sources: UNCTAD; Clarkson Research Services, via statista.




