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Changing storminess and global capture fisheries

Climate change-driven alterations in storminess pose a significant threat to global
capture fisheries. Understanding how storms interact with fishery social-ecological
systems can inform adaptive action and help to reduce the vulnerability of those

dependent on fisheries for life and livelihood.

Fisheries are an important source of food, nutrition, livelihoods and cultural identity on a
global scale. Fish provide 3.1 billion people with close to 20% of their animal protein?, and
are relied upon for vital micronutrients, which are particularly critical to the health of children
and pregnant women?. Capture fisheries and aquaculture are estimated to support the
livelihoods of 12% of the global population and 38 million fishers regularly risk their lives in
one of the most dangerous jobs on Earth®. Despite its dangers, fishing is an important

source of cultural identity and well-being for fishing communities around the world®.

In addition to ocean warming and acidification, changing storminess is a climate stressor that
affects marine life and habitats (Fig. 1a), with potential negative consequences for fish catch
and the well-being of coastal communities. Changing storminess also poses a direct risk to
fisheries: storms disrupt fishing effort and pose a physical threat to fishers, their vessels and
gear, as well as to fishing communities and their infrastructure. Although ocean warming
may alter the potential fish catch over the next 50 to 100 years*, changing storminess has
the potential to cause more immediate and catastrophic impacts. The twenty-first century
has already witnessed many tropical, extra-tropical and thunder storms that have claimed
thousands of fishers’ lives, destroyed fishery-dependent livelihoods and assets, and

disrupted the production of commercial inland and marine capture fisheries (Fig. 1b).

The number of storminess reanalysis and projection studies is growing, as is their
geographic scope (Fig. 2). However, uncertainty in past and future storminess from global

and regional climate models remains high as a result of widespread variation in analytical
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methods, poor historic observational data® and the challenge of distinguishing externally
forced climate changes from natural internal climate variability®. The attribution of particular
extreme weather events to anthropogenic climate forcing is challenging — particularly for
storms’. Thus, extreme weather event attribution is an expanding area of research and

examples for storm events are beginning to emerge®.

Despite the difficulties in modelling the location, frequency and intensity of storms, there is
sufficient certainty for the IPCC to conclude for the North Atlantic basin (where fisheries
productivity is high and historic storm data is particularly rich) that the frequency of the most
intense tropical storms has increased since the 1970s°. A recent review of future winter
storminess studies in Europe, ranging over periods spanning 2020-2190, predicts increases
in storm frequency and intensity in Western and Central Europe, and decreasing storminess
over the North Atlantic north of 60° N and in Southern Europe®. Evidence of changing
storminess from studies outside the North Atlantic includes a northward shift in Western
North Pacific tropical cyclone exposure towards the East China Sea'® and increased post-
Monsoon storminess in the Arabian Sea®. However, substantial uncertainties in storminess
projections remain, and represent a real barrier to effective assessment of global fishery

vulnerability.

The uncertainties surrounding the changing nature of storm hazards is paralleled by a lack of
knowledge about how storm events directly interact with social and economic variables to
influence the behaviour of fishers. In addition, the impacts of storms on marine ecosystems,
and the linkages by which these cause indirect social and economic perturbations to
fisheries, are little understood. An interdisciplinary research effort is now required to clarify
the climatic, social and ecological dimensions of changing storminess to support the

assessment of fishery vulnerability and inform adaptive action.
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Plotting the course ahead

We advocate a roadmap that draws on climate science, environmental social science,
psychology, economics, and ecology, and is based on four interlinked research areas (Fig.
3): (1) developing climate modelling to better understand changing storm hazards; (2)
understanding fishers’ behavioural response to storms; (3) examining the effects of storms
on coastal marine ecosystems and socio-economic linkages; and, (4) assessing fisheries

vulnerability and adaptation strategies for changing storminess.
Modelling changing storm frequency and severity

Identifying the risk to fisheries of changes in storminess requires climate models that provide
a reliable spatial and temporal view of past and future frequency and intensity of tropical,
extra-tropical and thunder storms. To achieve this, improvements are required in the explicit
representation of the sub-grid scale physical processes by which the most intense storms
form and develop, such as convection. Advances in ocean-atmosphere coupled models are
also necessary to capture the boundary layer processes that drive storms. Progress is being
made in these areas, for instance in developing climate models that better represent the

coupled ocean-atmosphere processes in tropical cyclones?!?.

Improving the characterization of storms in climate models demands finer spatial resolution
and a shortening of time steps, which will intensify the trade-off between resolution and
timescale of simulations that results from limited computing resources. Supported by greater
computing power, enhanced representation of storms in climate models will improve both
reanalysis and predictions of storminess and strengthen our understanding of the influence

of climate variability at seasonal to decadal timeframes on storm events.
Fishers’ behavioural response to storms

The effect of storms on fisheries is in part a function of fishers’ behavioural response to
meteorological conditions. The heterogeneity of fisher decisions regarding whether to

participate, and where to fish, in adverse weather conditions for different fishery types,

4
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vessel characteristics and social and cultural contexts around the world should be explored.
Fishers’ decisions on where and when to fish are known to be affected by a complex array of
socio-economic factors!?. However, the way in which fishers make weather-related decisions
is poorly understood. We do not know how projected weather information is used or if it
accessible to fishers. It will be important to understand fisher decisions to go to sea, or stay
at sea, during storms, how weather conditions affect the distribution of fishing activity, the
performance of different gears in adverse weather and the interaction of perceptions of

physical and economic risk in decision-making.

Explaining the behavioural response of fishers to storms will require the involvement of
psychologists, sociologists, anthropologists and economists employing research methods
across the epistemological spectrum. Qualitative approaches can unravel the complexity of
factors, motivations and processes underpinning decision-making, whereas experimental
methods, such as economic choice experiments, offer the potential to reveal how decisions
are made where observational data are not readily available, as is the case in many tropical
fisheries. The increasing availability of on-board satellite vessel tracking technology and
wind and wave hindcast modelled data is creating the potential to model the behavioural
response of fishers to weather conditions at unprecedented temporal and spatial resolutions.
In addition, the emerging application of agent-based modelling approaches to fisheries could
reveal the weather-related behaviour of fleets based on the decisions and interactions of

individual fishers.

Coastal marine ecosystems and socio-economic linkages

Storms have the capacity to cause extensive disturbance to marine ecosystems and habitats
that support productive fisheries. Several areas require investigation to improve our
knowledge: little is known about the manner in which fish lifecycle events (including
spawning migrations, larval growth and dispersal during the planktonic larval phase) and the

use of shallow nursery ground habitats, are influenced by storm disturbance. There is some
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evidence that fish may evacuate storm areas or be redistributed by storm waves and
currents (Fig. 1a), but this requires further exploration. Storm-induced fish mortality events,
such as the death of 400,000 fish in the Nyanza Gulf of Lake Victoria following post-storm
deoxygenation and turbidity in 19843, are poorly understood. Finally, the way that changing
storminess interacts with other marine impacts of climate change (such as ocean warming,

acidification and deoxygenation) to affect marine ecosystems remains unexplored.

Interdisciplinary efforts are required to uncover how direct marine ecosystem impacts are
linked with indirect social and economic impacts on fisheries. Although there are examples
of storm damage to key habitats, we know little of how this consequently influences the
abundance or catchability of targeted fish species. We lack knowledge of how storm-induced
changes in fish distribution affect fishery catches, but fishers’ logbooks may offer a rich

source of data to address this gap.
Vulnerability and adaptation strategies

Assessing the vulnerability of fisheries to changing storminess is essential for prioritizing
limited adaptation resources and informing adaptation strategies. The exposure of fisheries
will vary spatially with projected changes in storm risk, target fish species, the resilience of
infrastructure and the extent of natural and man-made storm defences. It is probable that the
impact of changing storminess on fisheries will be socially differentiated, with severe impacts
more likely to affect small-scale fisheries. The vulnerability of fisheries to changes in
storminess is unclear at present. Fishery vulnerability assessments developed over the past
decade have acknowledged, but not reflected, changing storminess?#, largely because of the
gaps in knowledge outlined here. These assessments can be enhanced by incorporating

appropriate measures of exposure, sensitivity and adaptive capacity to storms.

Fishery adaptation measures will require evaluation in local contexts. Possibilities include
technological advances, improvements in the accuracy and communication of weather

forecasts, and innovative financial solutions. In Kerala, India, a weather forecast service
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called Radio Monsoon (https://twitter.com/radiomonsoon) provides daily information over

loudspeaker in harbours and through social media. Insurance schemes triggered by
environmental indexes are growing in popularity in terrestrial agriculture® and could increase
the resilience of fisheries to increased storminess. Madifications of this concept would have
to reflect the nature of daily harvesting activity and the dynamic nature of marine resources.
Some fishers may also have opportunities to adapt to take advantage of reduced

storminess, which may exacerbate existing challenges to sustainable natural resource use.
Conclusion

Greater attention to the research priorities outlined here could help inform adaptation and
protect the well-being of billions of people worldwide. Although scientists are actively working
in some of these areas, research gaps remain, and existing knowledge is yet to be applied to
this social-ecological climate issue. The potentially catastrophic impacts of changing
storminess for global fisheries across relatively short timescales mean that enhanced

integration across disciplines is urgently needed to address this challenge.
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Figure 1. Ecological, social and economic impacts of storms on fisheries. (a)

Examples of storm-induced marine ecosystem disturbances. For further detail see
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Supplementary Information Section 1a. (b) Examples of social and economic impact
case studies from the twenty-first century. Case studies were selected based on scale
of the impacts, global geographic spread and availability of data. For further detail see

Supplementary Information Section 1b.
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10



222

223

224

225

226

227

228

229

230

231

232

233

234

235

Storm climate
modelling

Fisher's
behavioural
response to
storms

Ecosystem
impacts &
socio-
economic
linkages

Vulnerability &
adaptation

Current storminess

Future projections

1
Representation of physical storm processes, underpinned by climate models :

with finer spatial and temporal scales

Advances in ocean-atmosphere coupled climate models

Baseline observational studies of
current responses to storms
across fishery types and social
and culiural contexts

Baseline studies of direct storm
impacts on fish ecology and
marine habitats

Indicators of storm risk exposure,
sensitivity and adaptive capacity

Evaluation of storm adaptation measures in local contexts

1
I
1
Fine spatial and temporal L
scale ions of future -
storm exposure
1
1
-
I
~ ., h
Interaction of weather with 1 4
social, economic, ecological and 1
technological factors to influence 1
fisher participation and spatial-
temporal effort i
| Projections of changes in
| fisher behaviour, marine
Effects of interaction between | ecology and social and
changing storminess and other :bﬁm’mm. |mptact?i D‘"
. sheries in potential
climate stressors on marine future slormpc\\males
l ‘ecosystems 1
1 [ 1
hd
Indirect social and economic
impacts of storm-related marine ]
ecosystem changes =
-
11
( =/ -
Vulnerability assessments based ]
on current storm expasure, 1
I sensitivity and adaptive capacity Vulnerability assessments
reflecting risks and /=
1 ities of a changing  pe===
future storm climate
1
L

I Increasing confidence in the impact of storms on fishery socio-ecological systems >

Achievements

+ Reduced uncertainty in
future projections of storm
climates at fine spatial
scales over decadal to
centennial timeframes

+ New insight into storm
climate variability over
seasonal to decadal
timeframes

» Established understanding
of how storms affect
marine ecosystems and
the linkages by which
these impact fisheries

= Policy-relevant adaptation
strategies identified and
evaluated

Figure 3. Schematic of a research roadmap to understand the impact of changing

storminess on fisheries. Straight arrows between boxes demonstrate the

dependencies within and between research streams. Curved arrows represent the

feedback loop in which changes in fisher behaviour affect the ecosystem and

changes to the ecosystem affect fisher behaviour. Collaboration will be required

between research streams. The order of research streams does not represent

importance or priority.

11



236 Changing storminess and global capture fisheries

237  Nigel C. Sainsbury, Martin J. Genner, Geoffrey R. Saville, John K. Pinnegar, Clare K.

238  O’Neill, Stephen D. Simpson, Rachel A. Turner

239  Supplementary Information Section la

240  This section provides references and additional detail for Figure la.

a
11
3 /45 -
SR &
‘ 109 X —@ 12 N %{16
1 9 8 s 14 17
i
I \M19

[/ \ short term m damage to * shellfish ollution deoxygenated species
\\ / (period of storm) mangrove mortalities P water redistribution
=
medium term damage to fish run-off pollution reoxygenated
(up to 1 year) seagrass beds mortalities water
long term damage to reduced fish algal blooms reduced larval
(over 1 year) coral productivity growth rate

242  Supplementary Figure la. Figure 1a with additional case study reference numbers
243  linking to Supplementary Table 1a.

241

244
245
246
247
248
249
250

251

12



*eT 24nS14 40} SBIUDIDD4 pue |1e1ap [euollippy ‘et 3|gel Aiejusawa|ddng

W2} WNipaw se paljisse|d uaaq sey yoedw

afeurep [elo:
0s ‘payiodal 219M s31PN1s AN MO||0J ON "WIOIS BY] JO YIUOW B UIYIIM PIsSIsse |el0d 0} aSeweq LS} wnipay 8T P [B403 (9702) UrsuIm BuoAS SIe109 (C] 61
W03 3Y3 43348 ISN[ IO 310434 UBY) SYIUOW OF J33Je 433838 3q 03 punoy sade|dwasse wie Buo , uonnguisipal salads ‘aBewep [e10 (£002) BOLT 8U0|IAD [e100 pue ysy Joay BluopieD MIN 8T
ysij uo 19edw| "WI0Is 9y} 4314 SYIUOW OZ PUB WI01S 9Y) JO YIUOW B UIYlIM pa1da||od eleq
uu03s 23 ane skep o (wia) Buo)) Arerow ysiq elensny ‘(jeay Jaleg
‘o1 dl Ape|ng d . A ddi y [eMow ysi4 ‘uonnquisipas saload: Ell BUOJIA: BAISUBIX3) YSl) Jod; h -
pue ‘01 dn peaj ay3 ul Alie|ngal 3e|d 3003 $31PNIS "WLI0IS 3y} Aq PalIdYJe 3q 0} Jeadde Jou pIp ysiy {(WIs) Wnipaw) UonnguIsipa) saioeds e ysi -uonnquy 199ds (T867T) @1pp3 19AD ISUBIX3) USl) Joay 18319 UIBULIOL) PUB|S| pIezi] LT
1INpe Inq PaINqLIsIp-al ysiy 3npe-gns (wial Sulo| se palyissed) ysij a|iuaAn( jo sajed Ayjjeriow y
WIJ0}S BY3 J2}JE SYIUOW 8T PaYISIASI 219M SEaJR APNIs Uaym paulewal sanosSuew o3 aeweq wia) buo grobewep anoibuepn (€102) UeAeH uooydA | sanoibuepy sauldijiyd 9T
‘swols 1420]N9OW BULRY PUB ShjeInoeL elfensny ‘elensny
wia) Lol uonnquisipal saload SLWLIO}S PaLueuun INo;
SunINp 5101084 [EJUBWIUOIIAUD PaIR|3J-W.0)S 03 $312ads O AMAIISUDS B3 Ul UoIjelLI_A pajou Apnis 1HouS prHOINALAS S €102) 1S p 4 snigejonsny Buipnjoul ysiy joa1 snoLiep UIR)S8/'PUNOS oJqure st
(w23 Buo| aq 03 pawinsse uaaq sey siy3 ‘spedwi anosSuew yiim se) Ayiaidnposd funnonposd
ys1y Bupnpai ‘spuno.s Su1paaiq ysiy paAosISap SIAOLIBUBW JO SSO| 3YL 1A JUO UBY] dMIOW e} wue) Buo i D39NDG ,wmmEM onolbu (8002) sibreN auojoAD sa1oads ysi pue sanoibuep JewiueAN T
M A12A0D31 9Y3 JeY) pawNsse Uaaq sey 3| "SaA0ISUBL JO S21eI3Y 000 ‘SE PAA0C.ISP SISieN auopAd HSH PRoNPaY - P BN
JeaA e ueyy aiow paise| adewep Jaylaym ysi|qeisa
nij abeuwrep paq sseibes: n. A I A A
01 paiinbai usaq 9ABY PINOM SIIPNIS JSYLINH "WIO]S BY] JO YIUOW B UIYIIM passasse afeweq s} wnipe et ppeq S (£702) BunIeH 2u0joAd feados L sseibess 1eselEpen ‘Bfeopenepuy €t
w3y Suo| (w2
Se payyIsse|d Uaaq sey Juana A}i[eowW Ysij Y3 ‘WD) WNIPaW aJ9M W3S 3yl Aq pasned suofipuod Buoj) samfepow ysi4 {(wis) wnipaw) (rSemENow ysi4 loyeuaBAxo (v6T) WiO}S paweuun (snonojiu eAuay zt
|EIUSWILIOIIAUS Y3 IS|IYM “JUSAS AI[eHOW YsSI) SSew asned 03 woo|q [eS|e pue eixodAy Jajem  uoneuabAxo-aq ‘(wus) wnipaw) uonnjjod - ‘uonnjjod yo-uny ‘woojq [eby p SIW0JY2081I0 puR Snanojiu saxe) saloads ysi- ‘BLIOJOIA @)e] JO NS ezueAN
‘pnw wo0q 23je| dn-pauinyd ‘JUBWIPSS JJO-UNI YIM PIUIGLIOD S|9A3] 3je| 95eane ueyl Jamo] Jo-uny ‘(wisl wnipaw) woolq feby
uonepaid Asea 03 103lqns uaaq Ea;m:oE
wue) Buo (9002) wions pawreuun ‘eolpue|s! €IN2.Y Boyenb ueaso puejad] T
aABY 03 puUNOy a1am Aay3 ‘1ale| Jeak e ‘a1aym wonoq uesdo piey e 03 wiois Aq panow Soyenb ueadp ysylays ‘uonnquisipal ysy(lays
spiemiaje Ajarelpaw wia) Yoys uonnguisipal salvads snequi| snuiyreyased syreys dijoelg VSN ‘eplojH ‘Aeg eiw) s oT
pauJnjal pue wiols ay3 03 dn Buipea| pouad ay3 ul eale pal34e 3y} pajendeAd syeys dippe|g | e ; qui u HEUS CIPoR) puol
“dds sAywoidobAiard
pue afeson| wnuisisodoH ‘siewidspun vsn
e1xodAy paje|a.-wuiols uim paieposse wia) WnIpay Juonnquisipas saioads (¥002) AalreyD auestuny w:EonEEmU pue ‘erefel m:_wcnmc_am_ “epLIoj ‘paysIalem JaAY a9ead 6
SUOI1eIA)|Y "WI01S 3Y) BUIMO||0} SYIUOW OM] BY) Ul PAAISSGO Sa8e|quuUasse ysiy ul saguey) S8} snuy ‘snasuf snueln ‘ennbigre
K . pue Arenisa JogreH anojreyd
sAyyalfered ‘snuIyooIdeW siwoda ‘saplowfes
sniaydosdipy Buipnjoul sy suenisa snoliep
A A
U1103S 3Y3 J314e SIEDA 93.1Y3 3Y3 JaA0 Alanodal wuay Buo ,eBewep [ei0d (086T) U3V duEDL S[ei0d eorewer 8
4O suSis BuIMOYS 1aMm SJ3Y1Q "[BUIWIOU SeM ‘ DJ0d0.dY ‘[e10D 3Y) AQ JUBWI}INIDRI WI0YS-1SOd
W1I03S 3Y3 J31JE SyluoW 8T pue / Je pakanins aSeweq wua) Buo wwmmEmn anolbuen (866T) sebi10a9) sue: sanolbuepy algnday uesiuiwoq L
A
‘e wue) Buo 5OTel IMOIB [ense] Ul uononpay (986T) WuO}S paureuun SnuUeIA} BILI0OASIG USPRYUSW JNUENY VSN "BuljoIeD YLON ‘Aeg mojsuo 9
auo ueyy Ja1ea.s aq ||1m uonenodod ysiy 4oy 1pedw| WIO0IS JO SYIUOW OM] UIY3IM Pa3da||od eleq
SoUaSY [ERIAWLOD Aq paisantey Aiineay aiam wisy wnj uonnquisipal se1oads (666T) PAOJS pue siuuaq SauedLIN| snpides sa108UI[RD geld an “euljore yuo|
A8Y) 219YM SI21BM 210YS}JO 01UI WIBDIISUMOP SCeJd 3N|g Paysn |y 1eyl SuIpoo|) JoAL pasned wiols Pen T ; 6661) ploid p a H P oa g vsn 0fE3 tioN s
SUSISaAR) BIIad pue
|2ges| aueduLIny SuIMO||04 syauow ay) uj sade|d 3003 sAaauns ysig wia) wnipay Luonnausipas saloads (€002) |2ges| auedInH {paISwlo BwWOIS0BI3 .awy_mr_:Emcoa_M_:Mww__ubﬂ_uMh vsn e .\MWM/\%MM%wM\W 14
Bejad-oyiuag pue dibejed
JeaA 2uo uey} J9BUO| e pajels aSewep an0ISuBN (wie) wnipaw) abewep ,abewep eioo ‘sbewep
*syedwi Wid) wnipaw se agewep (102 pue paq sseiSeas saoe|d Juawssasse agewep Jo Sulwi, 2100 :(wse) winipaur) abewrep paq [3) ‘ab 3] (5002) ewiM BURALLINH sanoiBuen VSN "epLiold €
! Ip Pl pue paq I P ¥ twiy sselbeas ‘(wis) Buoj) abewrep snoiBuen paq sseibess ‘abeurep snoibuepn
aunpnuiseljul pagewe| Wia) wnipaw) Jaem Jo uoneuabAxoal Siajem [e}seod pareuabAxos
pnnselul p P (uu3) wnipow) Jojem jo uoy ZSIoTeM [e1seod pay Bl ) (5002) Jelgey SI0USHO PUE USIBYS VSN “euelsino / ddississ 4
wouy sugap pue syueIn|jod o1uesio ‘A1lsnpul 310Ys}40 PUE SI0YSUO WO [BIIWAYD Sapnjaul uonnjod (wia) Buoy) ysyays :(wisy Buoj) uonnjiod ‘sameHow ysyieys ‘(s1gap) uonnjjod BULIEM pue Buwjip ‘el seuedluny
suoneso] njigIspueA SIWoIyD
B : wia) buo ~wmemu [e10D ‘uonnquisipal saloads (086T) WU0IS paweuun pue snjeldse) sdoyuD ‘sniease sayylioesed IremeH ‘euoy T
S Ul paUIeWal J9Y10 ‘seale Wiols-a4d 113y] 03 paulnial pey Ysij SWOS IS|IYM SYIUOW 9T JaYy
Buipnjoul ysiy J9a1 SNOLeA pue Sjelod
(80ua18)31 921N0S puE) Sousidjey
S910N 10edwi Jo pouad awi ] g P adAyuwiois saads uoled0T de et aunbi4

s10edw|

Areyuawaddng

252

13



253  Supplementary Information Section 1b

254  This section provides references and additional detail for Figure 1b.

Winter storms
UK 2013-14

$682,000 8

$1.8 million

Sandy

= - New Jersey & New York 2012
Katrina & Rita
Mississippi 2005

87% of fishers (n=511),

$35.0 million

72% gross sales reduction,
79% employed crew reduction

57% (n=292)

Sidr
Bangladesh 2007
$52.0 million

94 fishing days
lost per fisher

$11.0 million income lost

Lake Victoria

Q 3,000-5,000
—J annually

Haiyan
9 Philippines 2013

/% 30,000

\ Irma
Antigua & Barbuda 2017

69% of Barbudan vessels (n=54)
$94,000 (Barbudan vessels only)
44% of pots (n=4,899)

$156,000

Nargis
Myanmar 2008

’ 28,000 dead or missing
Maria
Dominica 2017
29% (n=437)
$1.7 million

101,500 destroyed

Winston
70% 10 (Q) Fiji 2016
= 10% (n=7,241)
$156,000

$23.3 million
$627,000

S $89.9 million income lost

3 vessels damaged,
@ tropical cyclone Q destroyed, or lost @ infrastructure damage
gear damaged, ; . :
@ extratropical cyclone destroyed, or lost Q fishing disruption

4 vessels & gear damaged, fisher/ fishery worker
e calyhundersieins destroyed, or lost @ fatalities

256  Supplementary Figure 1b. Figure 1b with additional case study reference numbers
257  linking to Supplementary Table 1b.

255

258
259
260
261
262
263
264
265
266
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Supplementary Information Section 2

This section provides references and additional detail for Figure 2.

3
13 13
7 & 7
4 12
14
XYY | EU——. SN VNR . |\ Wl L LIRY (1)) W ——
20
19 14
0 10 10—
21
2345 15 ) 181 1158 15

decrease in
storminess

no change

increase in
storminess

i change in intensity

f change in frequency

7T future
. ! projected tropical cyclone
' .+ change

S EY extratropical cyclone
past data Al

Supplementary Figure 2. Figure 2 with additional case study reference numbers

linking to Supplementary Table 2.
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